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ABSTRACT 

The 2,660m-thick b a s a l t p i l e d e s c r i b e d i n t h i s t h e s i s 

r e p r e s e n t s one of the upper p a r t s , which were extruded p r e 

dominantly under s u b a e r i a l c o n d i t i o n s , of the T e r t i a r y 

b a s a l t sequence i n E a s t Greenland. The p i l e r e s t s on 

Lower Cretaceous sediments and i s o v e r l a i n by the sediments 

of Kap Dalton Formation. 

C h e m i c a l l y (XRF a n a l y s i s ) , the b a s a l t s can be c l a s s i 

f i e d as o c e a n - i s l a n d t h o l e i i t e s and a r e b r o a d l y comparable 

t o the T e r t i a r y t h o l e i i t e s from mid-west I c e l a n d and the 

t h o l e i i t e s of the Neovolcanic zone of I c e l a n d . Although 

they have r a t h e r l i m i t e d c ompositional ranges, t h e y show 

evidence of two episodes of f r a c t i o n a t i o n . The magma comp

o s i t i o n s were c o n t r o l l e d l a r g e l y by o l i v i n e f r a c t i o n a t i o n 

i n the i n i t i a l stage and subsequently by p l a g i o c l a s e 

f r a c t i o n a t i o n . Comparisons between b i v a r i a t e and m u l t i 

v a r i a t e a n a l y s e s have been made and i t i s found t h a t i n 

the case of r a t h e r narrow compositional ranges, the m u l t i 

v a r i a t e a n a l y s i s (R-mode f a c t o r a n a l y s i s ) i s the b e s t method 

for i l l u s t r a t i n g geochemical p a t t e r n s . 

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

of p l a g i o c l a s e (average l a b r a d o r i t e ) , a u g i t e and F e - T i 

oxides w i t h s m a l l amounts of o l i v i n e , p i g e o n i t e and i n t e r 

s t i t i a l g l a s s , except f o r p i l l o w l a v a s where the groundmass 

i s e n t i r e l y g l a s s . The t e x t u r e s are v a r i a b l e from g l a s s y 



t o c o a r s e - g r a i n e d t y p e s . Thus they can be d i v i d e d , i n 

terms of t e x t u r e s and f i e l d o b s e r v a t i o n s , i n t o four main 

groups and then subdivided i n t o a number of rock t y p e s . 

The m a j o r i t y appear t o be a p h y r i c t y p e s . The p r i n c i p a l 

microphenocryst and/or phenocryst assemblages a r e p l a g i o -

c l a s e , p l a g i o c l a s e + o l i v i n e , p l a g i o c l a s e + o l i v i n e + 

au g i t e , F e - T i oxides, or F e - T i oxides + p l a g i o c l a s e . 

The p l a g i o c l a s e compositions ( e l e c t r o n probe a n a l y s i s ) 

v a r y from A n ^ ^ ^ O r ^ t o ^ 2 7 . 3 ^ 6 8 . 7 < * 4 . 0 - The 

g r e a t m a j o r i t y of analysed c.Linopyroxenes a r e a u g i t e and 

they f o l l o w the e q u i l i b r i u m f r a c t i o n a t i o n trend t y p i f i e d 

i n the Skaergaard t h o l e i i t i c i n t r u s i o n . O l i v i n e micropheno-

c r y s t s and groundmass o l i v i n e s were analysed and have 

c h r y s o l i t i c and h y a l o s i d e r i t i c compositions, r e s p e c t i v e l y . 

Temperatures and oxygen f u g a o i t i e s , which have been 

estimated from the c o e x i s t i n g phases of t i t a n i f e r o u s 

magnetite and i l m e n i t e , a r e comparable t o those of the 

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

The o r i g i n of the s e East: Greenland t h o l e i i t e s i s 

a t t r i b u t e d to low-degree p a r t i a l melting of undepleted 

mantle beneath the r e g i o n on the p r e s e n t seaward s i d e of 

the B l o s s e v i l l e c o a s t and, subsequently, low-pressure 

c r y s t a l f r a c t i o n a t i o n . 
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CHAPTER 1 

INTRODUCTION 

1.1. Scope of study 

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

the T e r t i a r y b a s a l t p l a t e a u o c c u r r i n g along the E a s t 

Greenland c o a s t . They l i e between Kap Brewster 

(70° 10'N 22°W) and about 70°N 23°W and cover an a r e a 

of about 10 x 20 k i l o m e t r e s ( F i g s . 1-1 and 1-2). 

The f i e l d i n v e s t i g a t i o n i n the r e s e a r c h a r e a was 

c a r r i e d out by Dr. C.H. Emeleus during the summer of 

1971. S e v e r a l v e r t i c a l s e c t i o n s were measured a t d i f f 

e r e n t l o c a l i t i e s and were grouped i n t o a number of 

s e l f - c o n t a i n e d a r e a s , based on g e o g r a p h i c a l and geolog

i c a l boundaries. The s u c c e s s i o n s i n each s e l f - c o n t a i n e d 

a r e a were l i n k e d together by c o r r e l a t i n g the r e c o g n i z a b l e 

h o r i z o n s , i . e . p i l l o w l a v a s , b i g - f e l d s p a r b a s a l t s and 

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

as t h i c k n e s s of flows or groups of flows, colour of 

i n d i v i d u a l flows or groups of flows, and s i m i l a r l a r g e -

s c a l e f e a t u r e s . However, the s e r e c o g n i z a b l e h o r i z o n s 

cannot be regarded as good marker h o r i z o n s because they 

appear t o occur a t more than one l e v e l i n the s u c c e s s i o n s . 

One of the main problems of th<s i n v e s t i g a t i o n was the 

c o r r e l a t i o n between the s u c c e s s i o n s mapped i n d i f f e r e n t 



f a u l t b l o c k s and i n the a r e a s separated by g l a c i e r s and 

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

s u c c e s s i o n has been c o n s t r u c t e d . 

The p r e s e n t study was c a r r i e d out on the s u c c e s s i o n s 

of f i v e s e l f - c o n t a i n e d a r e a s of Dr. Emeleus 1 c o l l e c t i o n . 

The d e t a i l s of each s u c c e s s i o n i n the f i v e s e l f - c o n t a i n e d 

a r e a s w i l l be d e l i n e a t e d i n the f o l l o w i n g d i s c u s s i o n . The 

main aim of t h i s study was t o e s t a b l i s h geochemical 

f e a t u r e s of the T e r t i a r y l a v a s and t o compare w i t h c e r t a i n 

T e r t i a r y l a v a s of the west of Scotland (Skye), I c e l a n d and 

the A t l a n t i c ocean f l o o r ; p e t r o g r a p h i c a l and m i n e r a l o g i c a l 

s t u d i e s were a l s o conducted. According t o the p r e v i o u s l y 

mentioned problem,it was a l s o important to c o r r e l a t e the 

s u c c e s s i o n s of the r e g i o n by comparing the geochemistry o f 

the l a v a s u c c e s s i o n s . I t was a l s o hoped t h a t the study 

would r e v e a l i n f o r m a t i o n on the o r i g i n of the l a v a s . 

I n a d d i t i o n t o b i v a r i a n t geochemical p l o t s , a compar

i s o n between b i v a r i a t e a n a l y s i s and m u l t i v a r i a t e a n a l y s i s 

was performed. I t was a n t i c i p a t e d t h a t t h i s would be 

s i g n i f i c a n t i n i n t e r p r e t i n g the geochemical f e a t u r e s 

i n h e r e n t i n such a s m a l l - s c a l e :study. 

1.2. General geology and t h i c k n e s s e s of s u c c e s s i o n s 

(according t o Emeleus, 1971} 

The l a v a s i n t h i s r e g i o n heive been d i v i d e d , as 

mentioned above, i n t o e l e v e n s e l f - c o n t e i i n e d a r e a s (Fig.1-2) 
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(a) Kap Brewster, R e j e d a l , Krabbedalen, and the 

southern p a r t of Savoia Halvjtf t o K i k i a k a j i k ; 

(b) the west of Bopladsdalen, M u s l i n g e h j ^ r n e t and 

the summit a r e a of S/rfstrene e a s t of Kamelgletscher; 

(c) the a r e a of Kamelryggen north of the 850 m 

summit; 

(d) the a r e a of Kamelryggen's 850 m top and ground 

south for about 2-3 k i l o m e t r e s ; 

(e) the southern p a r t o f Kamelryggen p e n i n s u l a from 

a r e a (d) t o the sea ; 

( f ) the a r e a of nunataks n o r t h e a s t of the Roma 

G l e t s c h e r and north and northwest of Sfi n x e n , 

(g) the S f i n x e n summit area as f a r south as the 

major f a u l t s t r i k i n g SW-NE a c r o s s the south s i d e of the 

mountain; 

(h) the p e n i n s u l a south of the major f a u l t on 

S f i n x e n ; 

( i ) the high, d e s s e c t e d ground north of Revlerne 

and west of the northern p a r t of Roma G l e t s c h e r t o 

Pyramiden; 

( j ) the Revlerne summit a r e a ; 

(k) the southern s l o p e s o f Revlerne w i t h Dunholme 0. 

The s u c c e s s i o n s s t u d i e d here are; from (a) , (b) , (d) , 

(f ) and ( g ) ; s e l f - c o n t a i n e d a r e a s which e n t i r e l y cover 

the main (composite) p r o f i l e . 



The m a j o r i t y of the rock s exposed i n t h i s r e g i o n a r e 

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

Sediments of the Kap Dalton Formation and of Lower 

Cretaceous age have a l s o been, recorded. The l a v a s appear 

t o have been erupted under s u b a e r i a l c o n d i t i o n s i n view 

of red p a r t i n g s and they f r e q u e n t l y show the t y p i c a l t h r e e 

f o l d v e r t i c a l d i v i s i o n of v e s i c u l a r base, massive with 

columnar c e n t r e and v e s i c u l a r top, which a r e c l a s s i f i e d 

as the b l o c k y or aa type of flow. Subaqueous e r u p t i o n s 

have a l s o been detected on the evidence of p i l l o w l a v a s 

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

S t r u c t u r a l l y , the northwest of the r e s e a r c h a r e a 

c o n s i s t s of f l a t - l y i n g flows whereas towards the south 

and southeast, the flows are d i s t u r b e d by a system of 

normal f a u l t s s t r i k i n g approximately WSW-ENE and down-

throwing t o the south. The flows i n the f a u l t e d a r e a dip 
o 

s o u t h e r l y or s o u t h e a s t e r l y a t angles of up t o 20 . No 

dykes or other i n t r u s i o n s have been recorded. 

P e t r o g r a p h i c a l l y , the l a v a s have been c l a s s i f i e d by 

Emeleus i n t o f i v e main groups: p i l l o w l a v a s ; b i g - f e l d s p a r 

b a s a l t s ; c o a r s e - g r a i n e d , n o n - p o r p h y r i t i c b a s a l t s ; medium-

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

g rained, s p a r s e l y - p o r p h y r i t i c and n o n - p o r p h y r i t i c b a s a l t s . 

The c o r r e l a t i o n between s u c c e s s i o n s has been made by 

l i n k i n g the f i r s t t h r e e petrocjraphic groups of ro c k s and 
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the l a r g e - s c a l e f e a t u r e s ( F i g . 1-3)., The t o t a l t h i c k 

ness of the main (composite) p r o f i l e s i s of the order of 

2,660 metres. The f i e l d d e t a i l s of the f i v e s e l f - c o n t a i n e d 

a r e a s w i l l be b r i e f l y d e s c r i b e d . 

(a) The Kap Brewster, R e j e d a l , Krabbedalen, and the 

southern p a r t of Savoia Halvjrf t o K i k i a k a j i k a r e a ( F i g . 1-3) 

The l a v a s a r e o v e r l a i n by the sediments of the Kap Dalton 

Formation without a major s t r u c t u r a l break and the l a v a s 

have a t o t a l t h i c k n e s s of about 900 metrea. The lowest 

200 metres c o n s i s t of s p a r s e l y p o r p h y r i t i c or no n - p o r p h y r i t i c , 

medium- to f i n e - g r a i n e d b a s a l t s . I n the middle p a r t of 

the s u c c e s s i o n , t h i n flows of coarse-grained, n o n - p o r p h y r i t i c 

b a s a l t s , b i g - f e l d s p a r b a s a l t flows w i t h p l a g i o c l a s e pheno-

c y s t s ranging up t o 1 centimetre and more i n length, a 

h o r i z o n of p i l l o w l a v a s , and s e v e r a l t h i n s h a l e and c o a l 

h o r i z o n s appear. I n higher p a r t s , c oarse-grained, non-

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

p o r p h y r i t i c , and n o n - p o r p h y r i t i c b a s a l t s ; and medium- t o 

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

(b) The west of Bopladsda.len, M u s l i n g e h j ^ r n e t a r e a 

and the summit a r e a of S/zSstreno e a s t of Kamelgletscher 

( F i g . 1-3). The b a s a l t s u c c e s s i o n i n t h i s a r e a r e s t s on 

micaceous, s h a l y sediments of Lower Cretaceous age (Prof. 

K. Birkenmajor, p e r s o n a l communication). As the sediments 

are now proved t o be Mesozoic, the l a v a s l y i n g immediately 
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on the sediments r e p r e s e n t the l o c a l base of the l a v a 

s u c c e s s i o n . 

The b a s a l t s i n t h i s s u c c e s s i o n are about 1000 metres 

i n t h i c k n e s s and a r e composed c h i e f l y of n o n - p o r p h y r i t i c 

or s p a r s e l y p o r p h y r i t i c type. The lowest 50 metres of 

flows a r e coarse - g r a i n e d , n o n - p o r p h y r i t i c b a s a l t s and 

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

abundant p l a g i o c l a s e phenocrysts ranging up to 1 centi m e t r e 

or more i n l e n g t h . P i l l o w l a v a s have a l s o been re p o r t e d 

from t h i s p a r t of the s u c c e s s i o n (Fawcett e t a l . , 1973). 

Above the 50 metre l e v e l , the g r e a t e r p a r t of t h i s s e c t i o n 

i s made up of medium- t o finei-grained, s p a r s e l y p o r p h y r i t i c 

or n o n - p o r p h y r i t i c b a s a l t s . Two t h i n h o r i z o n s of medium-

to f i n e - g r a i n e d , p o r p h y r i t i c b a s a l t s together w i t h c o a r s e 

g r a i n e d , n o n - p o r p h y r i t i c b a s a l t s e x i s t a t about the 700 

metre and 500 metre l e v e l s . There i s a l s o evidence t h a t 

the p r e - l a v a s u r f a c e was a v a i l a b l e f o r e r o s i o n , provided 

by t h e presence of sandstone w i t h some garnet a t around 

the 150 metre l e v e l . 

The geographic p r o x i m i t y of t h i s and s u c c e s s i o n (a) 

might be used to c o r r e l a t e a c r o s s the f a u l t a t Muslingeh-

j/rfrnet. N e v e r t h e l e s s , the c o r r e l a t i o n does not appear 

re a s o n a b l e due t o d i f f e r e n c e s i n the t h i c k n e s s e s of the 

ho r i z o n s and the absence of seindstone from s u c c e s s i o n (a) . 
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(d) The area of Kamelryggen's 850 m summit and ground 

south for 2-3 k i l o m e t r e s ( F i g . 1-3) ., The b a s a l t i c l a v a s i n 

t h i s s u c c e s s i o n a r e about 950 metres t h i c k . The lowest 750 

metres c o n s i s t of f i n e - t o meidium-grained, s p a r s e l y -

p o r p h y r i t i c or n o n - p o r p h y r i t i c b a s a l t s with o c c a s i o n a l 

flows of medium- t o f i n e - g r a i n e d , p o r p h y r i t i c b a s a l t s . 

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

which a r e o v e r l a i n by p i l l o w l a v a s o f approximately 40 

metres i n t h i c k n e s s and then a s e r i e s of t h i n , c o a r s e 

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

flows of medium- t o f i n e - g r a i n e d , p o r p h y r i t i c b a s a l t . 

The s i m i l a r i t i e s between the upper p a r t of t h i s 

s u c c e s s i o n and the middle p a r t of s u c c e s s i o n (a) i n d i c a t e 

them t o be a t the same genera], l e v e l i n the l a v a s , although 

they a r e not matched i n every d e t a i l . 

(f) The area of nunataks NE of the Roma G l e t s c h e r and 

north and northwest of Sfinxen. ( F i g . 1-3) . The 300 m-

t h i c k flows i n t h i s s u c c e s s i o n a r e c h i e f l y composed of 

f i n e - t o medium-grained, n o n - p p r p h y r i t i c or s p a r s e l y 

p o r p h y r i t i c b a s a l t s . Flows of medium- t o f i n e - g r a i n e d , 

p o r p h y r i t i c b a s a l t s e x i s t i n the middle p a r t . The s u c c e s s i o n 

can be c o r r e l a t e d w i t h the lower p a r t o f s u c c e s s i o n (d) by 

l i n k i n g the medium- t o f i n e - g r a i n e d , p o r p h y r i t i c b a s a l t 

f lows. 



(g) The S f i n x e n summit area as f a r south as the major 

f a u l t s t r i k i n g SW-NE a c r o s s the south s i d e of the mountain 

( F i g . 1 -3). T h i s 550 m-thick s u c c e s s i o n c o n s i s t s s o l e l y 

o f f i n e - t o medium-grained, s p a r s e l y p o r p h y r i t i c or non-

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

1.3. Other p r e v i o u s i n v e s t i g a t i o n s 

The e x i s t e n c e of flood b a s a l t s around the Scoresby 

Sund a r e a has been reported s i n c e W i l l i a m Scoresby Jun. 

d i s c o v e r e d the f j o r d , named a f t e r him i n 1822. They have 

been considered as r e l a t e d i n time t o the opening of the 

n o r t h e a s t A t l a n t i c ocean b a s i n ( H e i r t z l e r , 1968; S c r u t t o n , 

1973; Brooks, 1973a,b; Fawcett e t a l . , 1973? Hallam, 1975; 

Soper e t a l . , 1976; Brown and Whitley,, 1976). 

From 1883 t o 1965, the Holm E x p e d i t i o n (1833-1885), 

Nordenskjold E x p e d i t i o n (1883), B r i t i s h A r c t i c A i r Route 

E x p e d i t i o n (1930-1931), and the Scoresby Sund Committee's 

2nd E a s t Greenland E x p e d i t i o n (1932) v i s i t e d v a r i o u s 

l o c a l i t i e s along the E a s t Greenland c o a s t between 

Angmagssalik and Scoresby Sund.. B r i e f d e s c r i p t i o n s of 

the petrography, petrology, s t r u c t u r e , and f i e l d r e l a t i o n 

s h i p s have been p u b l i s h e d by Holmes (1918) , Wager (1934, 

1935, 1947) and Anwar (1955). Work on g e o l o g i c a l mapping 

along the c o a s t s t a r t e d i n 1900. Most of the l a v a s i n 

the' r e g i o n were extruded s u b a e r i a l l y and are t h o l e i i t i c 

b a s a l t s i n composition. They cover an area of about 



41,500 square k i l o m e t r e s and re a c h a maximum of about 7 

k i l o m e t r e s i n t h i c k n e s s near Kangerdlugssuag . The lower 

b a s a l t s were extruded under water and are a s s o c i a t e d w i t h 

well-bedded t u f f s and agglomerates. The upper b a s a l t s , 

WSW of Scoresby Sund, grade upwards from p i l l o w l a v a s 

i n t o s u b a e r i a l l a v a s . From the evidence of the sediments 

i n the Kangerdlugssuaq and Kap Dalton r e g i o n s , the 

e x t r u s i o n of the l a v a s began i n the l a t e Palaeocene and 

ended no l a t e r than Eocene times. The b a s a l t s t r u c t u r e s 

around the Kangerdlugssuaq a r e a a r e complicated by the 

c o a s t a l f l e x u r e and dyke swarm. 

P a r t i c u l a r l y d e t a i l e d work was f i r s t c a r r i e d out i n 

1965 i n the Sovoia Halv/zJ a r e a by the Oxford U n i v e r s i t y 

E x p e d i t i o n t o E a s t Greenland, which has been d e s c r i b e d by 

Fawcett, Rucklidge and Brooks (1966). The palaeomagnetic 

measurements have been p u b l i s h e d by T a r l i n g (1967). 

B e c k i n s a l e , Brooks and Rex (1970) made K-Ar age determin

a t i o n s and found t h a t the o l d e s t b a s a l t ages a r e 55-60 m.y 

which a r e i n agreement w i t h the r e l a t i v e age g i v e n by the 

e a r l i e r workers, and are s i m i l a r t o those found f o r b a s a l t 

p l a t e a u x elsewhere i n the North A t l a n t i c T e r t i a r y P r o v i n c e 

G l a c i o l o g i c a l o b s e r v a t i o n s have a l s o been reported by 

Rucklidge (1966). I n 1968, W.S. Watt started mapping the 

ar e a due west of Scoresby Sund and d i v i d e d the b a s a l t s 

i n t o two main groups (corresponding to the amygdale 

min e r a l s p r e s e n t ) , namely q u a r t z t h o l e i i t e s and o l i v i n e 

t h o l e i i t e s . 
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Fawcett e t a l . (1973) have p u b l i s h e d data on the 

chemical p e t r o l o g y of 114 b a s a l t samples from e i g h t 
l o c a l i t i e s which l i e between. Kap Brewster and Kong 
C h r i s t i a n I X ' s Land ( F i g . 1 - 4 ) . M i c r o s c o p i c a l l y , the 
b a s a l t s a r e t y p i c a l t h o l e i i t e s c o n s i s t i n g of p l a g i o c l a s e 
( l a b r a d o r i t e ) , clinopyroxene, F e - T i oxides and g l a s s , 
w i t h s p o r a d i c o l i v i n e and p i g e o n i t e . They show no 
s i g n i f i c a n t v a r i a t i o n s , e x c l u d i n g g r a i n s i z e . Chemically, 
t h e y a r e of quartz-normative t h o l e i i t i c type and have a 
r e l a t i v e l y homogeneous composition. Fawcett e t a l . 
suggested t h a t the o r i g i n a l magma was o l i v i n e - n o r m a t i v e 
t h o l e i i t e and t h a t secondary a l t e r a t i o n might be r e s p o n s i b l e 
f o r the appearance of normative q u a r t z . The outstanding 
chemical c h a r a c t e r i s t i c s a r e high F e - T i oxide and low K^O 
con t e n t s . Comparisons have been drawn w i t h o c e a n - f l o o r 
t h o l e i i t e s and t h o l e i i t e s from r e g i o n s of the North A t l a n t i c 
T e r t i a r y P r o v i n c e . The r e s u l t s of the comparisons support 
the suggestion of Brooks (1973a) t h a t the l a v a s were 
generated during a prolonged p e r i o d of ocea n - f l o o r spreading 
i n a r e g i o n of abnormal heatflow. M i n e r a l o g i c a l l y , the 
g r e a t m a j o r i t y of pyroxene compositions (about 550 a n a l y s e s ) 
f a l l i n the a u g i t e and s u b c a l c i c a u g i t e f i e l d s w i t h a s m a l l 
number i n the p i g e o n i t e and f e r r o a u g i t e f i e l d s . They show 
e x t e n s i v e v a r i a t i o n both of an e q u i l i b r i u m f r a c t i o n a t i o n 
type and of v a r i o u s metastable "quench" t r e n d s towards 
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s u b c a l c i c a u g i t e s . The p l a g i o c l a s e compositions (about 

500 a n a l y s e s ) range (molecular p r o p o r t i o n s ) from An 

Ab Or. _ t o An__ ,Ab o 0 r _ and do not v a r y much from 

groundmass t o ph e n o c r y s t s i n a s i n g l e flow but show a l i t t l e 

v a r i a t i o n from one flow t o another. C o e x i s t i n g oxide phases 

(magnetite and i l m e n i t e ) a r e p r e s e n t i n a l l analysed samples 

The temperature and oxygen f u g a c i t y o f c r y s t a l l i s a t i o n have 

been determined. Three specimens g i v e the v a l u e s of temp

e r a t u r e and oxygen f u g a c i t y a t about 1050°C and 10 ^ b a r s , 

r e s p e c t i v e l y . Another four samples have lower v a l u e s of 

temperature and oxygen fugacity.. I n t e r s t i t i a l g l a s s has 

undergone h y d r a t i o n and does not appear to have a l a t e -

d i f f o r o n t i t i t o d composition. 

Brooks (1973b) has d e p i c t e d t h a t the e f f u s i o n of 

c o n s i d e r a b l e volumes of flood b a s a l t i n E a s t Greenland 

and on the Faeroe I s l a n d s r e c o r d s the i n i t i a l North A t l a n t i c 

r i f t i n g episode immediately b e f o r e plate; s e p a r a t i o n . The 

p o s t u l a t e d e r u p t i v e cause i s plume a c t i v i t y c e n t r e d about 

the t r i p l e j u n c t i o n o f which Kangerdlugssuag i s the f a i l e d 

arm. The v o l c a n i c a c t i v i t y took p l a c e i n the l a t e s t 

Palaeocene, over a v e r y r e s t r i c t e d time i n t e r v a l around 

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

i c i t y has been supported by the evidence of b i o s t r a t i g r a p h i c 

and palaeomagnetic data (Soper e t a l . , 1976). 

S c h i l l i n g and Noe-Nygaard (1974) s t u d i e d the l i g h t 
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REE-enriched p a t t e r n s of the b a s a l t i c l a v a s from E a s t 

Greenland and the Faeroes and found t h a t the l a v a p i l e 

on the Faeroes i s comparable t o the l a v a p i l e i n E a s t 

Greenland. A "mantle b l o b " model can, he p o s t u l a t e s , 

account f o r the change i n REE p a t t e r n s of the l a v a p r o f i l e 

on the Faeroe I s l a n d s . 

Soper e t a l . (1976) s t u d i e d the L a t e Cretaceous -

E a r l y T e r t i a r y s t r a t i g r a p h y from Mi k i s F j o r d t o Jensens 

F j o r d and they have found t h a t t h e r e was a s h a l l o w marine 

b a s i n t o the n o r t h e a s t of Kangerdlugssuaq i n L a t e Cretaceous -

E a r l y Palaeocene time. Before v u l c a n i c i t y took p l a c e , t h e r e 

was an u p l i f t which was followed by r a p i d subsidence of 

about 1.5 km t o accommodate the submarine e f f u s i v e and 

c l a s t i c r o c k s . Subsequently, the r a t e of e f f u s i o n 

exceeded the r a t e of subsidence and the upper 8 km o f 

b a s a l t i c p i l e , which was extruded s u b a e r i a l l y , was formed. 

The main source of the l a v a s was an e x t e n s i v e f i s s u r e 

system on the seaward s i d e of the B l o s s e v i l l e Coast. 

Brooks e t a l . (1976) have presented major and t r a c e 

element a n a l y s e s for 23 b a s a l t samples from the a r e a 

between Kangerdlugssuaq and Scoresby Sund. These 

b a s a l t s a r e s i m i l a r t o t h o l e i i t e s on many o c e a n i c i s l a n d s 

and have a v e r y uniform composition. They suggested t h a t 

the b u l k of the observed v a r i a t i o n might be due t o o l i v i n e 

f r a c t i o n a t i o n c o n t r o l . The v o l c a n i s m i s thought t o have 
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begun w i t h updoming by a mantle d i a p i r r i s i n g from g r e a t 

depth, probably i n the Kangerdlugssuaq region, which was 

i n i t i a l l y e n r i c h e d i n heat, g i v i n g r i s e t o a high degree 

of p a r t i a l m e l t i n g . The products of t h i s episode a r e 

p i c r i t i c l a v a s around the M i k i s F j o r d . Subsequently, the 

d i a p i r assumed a more mushroom-like form w i t h melting 

spreading over a l a r g e area, and w i t h a lower percentage 

of source-rock p a r t i a l m elting. P r i o r t o e r u p t i o n , although 

t h e r e i s no s i g n i f i c a n t d i f f e r e n t i a t i o n , the magmas had time 

t o c o l l e c t i n t o l a r g e bodies, g i v i n g r i s e t o voluminous 

t h o l e i i t i c b a s a l t s . The a r e a was then removed from the 

r e g i o n of mantle u p w e l l i n g . jin the f i n a l stage of volcanism, 

s m a l l amounts of a l k a l i b a s a l t s and more evolved r o c k s were 

produced. The a l k a l i b a s a l t s may have been produced e i t h e r 

by f r a c t i o n a t i o n of r e s i d u a l pockets of magma a t depth or 

by a z o n e - r e f i n i n g p r o c e s s . 

Brown and W h i t l e y (1976) have reviewed the o r i g i n o f 

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

c h a r a c t e r i s t i c s and s p a t i a l d i s t r i b u t i o n . They concluded 

t h a t the l a v a s do not e a s i l y conform t o the model of a 

narrow plume beneath c o n t i n e n t a l c r u s t . A l t e r n a t i v e l y , 

t h e y propose the l i n k i n g of s e v e r a l l i t h o t h e r m a l systems 

i n t o a major c o n v e c t i v e system. However, the problem 

between the d u a l magma-source model and the model of 

d i s e q u i l i b r i u m p a r t i a l melting w i t h phlogopite s t a b i l i t y 

s t i l l e x i s t s . 
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CHAPTER 2 
GEOCHEMISTRY 

2.1. Methods 

E i g h t y - s i x samples from the f i v e s e l f - c o n t a i n e d a r e a s , 

d e s c r i b e d i n Chapter 1, were analysed f o r 11 major and 

minor elements ( S i , A l , Fe, Mg, Ca, Na, K, T i , P , Mn and S ) , 

and a s e l e c t e d number of 10 t r a c e elements (Ba, Nb, Zr, Y, 

Sr, Rb, Zn, Cu, Ni and C r ) . A l l a n a l y s e s were c a r r i e d out 

by the X-ray f l u o r e s c e n c e technique.. The d e t a i l s of 

sample p r e p a r a t i o n and a n a l y t i c a l methods a r e g i v e n below. 

The samples were s p l i t i n t o c o n v e n i e n t l y s i z e d fragments 

us i n g a h y d r a u l i c c u t t e r , and c l e a r e d of the weathered s u r 

f a c e s and amygdale m i n e r a l s . The f r e s h fragments were then 

c o a r s e l y crushed w i t h a jaw c r u s h e r , followed by g r i n d i n g 

fo r a few minutes to a f i n e powder i n a Tema swing m i l l . 

The powder of each sample was mixed thoroughly w i t h a few 

drops of Mowiol s o l u t i o n , which was used as a binder, and 

p r e s s e d i n t o b r i c q u e t t e s using a c o n f i n i n g p r e s s u r e of 

about 5-6 tons per square i n c h i n a h y d r a u l i c ram. 

The b r i c q u e t t e s were analysed on a P h i l i p s PW 1212, 

automatic X-ray f l u o r e s c e n c e spectrometer using a TE 108 

automatic l o a d e r . Routine operating c o n d i t i o n s f o r t h i s 

machine a r e g i v e n by Reeves (1971). 

The major and minor elements ( S i , Al, Fe, Ca, Mg, 



Na, K, T i , P and S) were determined u s i n g a Cr t a r g e t . Mn 

was determined s e p a r a t e l y u s i n g W t a r g e t . The method of 

1 f i x e d counts' was used i n a n a l y s i n g t h e s e elements i n 

order t o minimise s y s t e m a t i c and random e r r o r s due t o any 

instrument i n s t a b i l i t i e s . I n t h i s method, t h r e e unknown 

samples a r e run along s i d e a monitor which g i v e s an accum

u l a t i o n of pre-determined "N" counts during a p e r i o d o f 

time ( T ) . The time (T) i s a u t o m a t i c a l l y recorded, and the 

t h r e e unknown samples are counted over the same time 

i n t e r v a l , f o r the same element.. Thus allowance can be 

made f o r i r r e g u l a r i t i e s i n the count r a t e s as det e c t e d by 

the monitor. 

The standards used i n major and minor element a n a l y s i s 

were the i n t e r n a t i o n a l s t a n d a r d s : G - l , G-2, W-l, GR, GH, 

GA, BR, AGV-1, BCR-1, GSP-1, DTS-1 and PCC-1. The compos

i t i o n s of t h e s e standards have been r«» viewed by Flanagan 

(1973). 

Mass a b s o r p t i o n c o r r e c t i o n s between the standards and 

the unknowns were made by the i t e r a t i v e computer procedure 

of Holland and B r i n d l e (1966) and of Reeves (1971). The 

FeO content was determined by us i n g a f i x e d FeO/Fe.O. 

r a t i o of 0.7, which i s approximately equal t o the standard 

r a t i o proposed by Brooks (1976). 

The t r a c e elements (Ba, Nb, Zr, Y, Sr, Rb, Zn, Cu, 

Ni aid Cr) were determined u s i n g W r a d i a t i o n and an a b s o l u t e 



method. The a n a l y t i c a l data were converted t o concent

r a t i o n s (ppm) by the computer programme "TRATIO" developed 

by G i l l (1972). The programme u s e s the c o u n t - r a t e f u n c t i o n 

(peak i n t e n s i t y / b a c k g r o u n d i n t e n s i t y -1) which enables 

s c a t t e r e d background r a d i a t i o n to be used as the i n t e r n a l 

standard t o compensate fo r matrix and mass a b s o r p t i o n 

e f f e c t s . 

The standards used i n t r a c e element a n a l y s i s were 

s y n t h e t i c , spiked g l a s s prepared by the P i l k i n g t o n Research 

L a b o r a t o r y f o r use i n lunar-sample a n a l y s i s (Brown e t a l . , 

1970). 

A l l XRF data and normative m i n e r a l s a r e t a b u l a t e d 

i n Table A - l and Table A-2 (Appendix). 

2.2. Major and minor element a n a l y s e s 

Manson (1967) has p u b l i s h e d data on major and minor 

elements of v a r i o u s t y p i c a l b a n a l t s . I n t h i s study, the 

average major and minor oxide v a l u e s f o r q u a r t z t h o l e i i t e s 
i 

and o l i v i n e t h o l e i i t e s , taken from Manson (1967), were 

r e c a l c u l a t e d t o 100% t o d i s r e g a r d H 20 H and U^O . The 

r e c a l c u l a t e d v a l u e s f o r t h e s e b a s a l t s and the average 

v a l u e s f o r the e i g h t y - s i x , s t u d i e d samples are g i v e n i n 

Table 2-1 f o r comparison. I t i s obvious t h a t i n the 

broadest sense, the E a s t Greenland t h o l e i i t e s have high 

T i 0 2 > FeO and F e
2 ° 3 ' a n d l o w K 2 ° contents r e l a t i v e to those 

of Manson (1967). 
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Table 2-1. Average v a l u e s f o r major and minor oxides 
(weight p e r c e n t ) of the analysed b a s a l t s 
from E a s t Greenland compared w i t h average 
q u a r t z t h o l e i i t e s and o l i v i n e t h o l e i i t e s . 

1 2 3 

SiO_ 48.16^0.68 51.47 49.04 
T i O j 2.70^0.37 ' 

l . 
1.61 1.71 

A 1 2 ° 3 15.28-0.15 16.32 15.64 
F e 2 ° 3 3.24-0.00 3.12 2.62 
FeO 10.14-0.49 7.65 8.78 
MnO 0.21-0.00 0.17 0.17 
MgO 6.27^0.88 6.24 8.48 
CaO 11.15^0.52 9.97 10.39 
Na 20 2.46^0.30 2.52 2 .32 

0.22-0.09 0.71 0.60 
0.25-0.00 0.22 0.23 

Key: 1. Average of 86 

2. Average of 715 

3. Average of 182 

E a s t Greenland l a v a s 

q u a r t z t h o l e i i t e s 
(Manson, 1967) 

o l i v i n e t h o l e i i t e s 
(Manson, 1967) 
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F i g . 2-1 shows the major and minor oxide v a r i a t i o n s 
i n r e l a t i o n t o the d i f f e r e n t i a t i o n index of Thornton and 
T u t t l e (1960). The index i s d e f i n e d as the sum of the 
weight percentage of normative q u a r t z + o r t h o c l a s e + a l b i t e 
+ n epheline + l e u c i t e + k a l s i l i t e . Al^O^, t o t a l i r o n 
oxide i n terms of Fe0+Fe20^# and TiO^ seem t o be f a i r l y 
c o n s t a n t throughout the d i f f e r e n t i a t i o n index range of 
16 t o 30. MnO and P 2°5 f o r m l i n e a r t r e n d s , and appear t o 
i n c r e a s e s l i g h t l y w i t h the d i f f e r e n t i a t i o n index. I n 
c o n t r a s t f the CaO trend d i m i n i s h e s s l i g h t l y r e l a t i v e t o 
the d i f f e r e n t i a t i o n index, and MgO shows a noteworthy 
n e g a t i v e t r e n d . 

Because of the r a t h e r uniform nature of the E a s t 

Greenland l a v a s and the narrow range of the d i f f e r e n t i a t i o n 

index compared t o those of many other a r e a s , the a p h y r i c , 

b a s a l t i c l a v a s from mid-west I c e l a n d (Johannesson, 1975), 

which a r e b e l i e v e d t o have the same o r i g i n (primary hot 

mantle plume) as those of E a s t Greenland (Brooks, 1973b; 

S c h i l l i n g and Noe-Nygaard, 1974) have a l s o been p l o t t e d 

i n F i g . 2-1. Thus the l i m i t e d range of the s t u d i e d l a v a s 

i s emphasised. 

When both of the data s e t is a r e taken i n t o account, 

the s l o p e s of the t r e n d s seem to change a t a d i f f e r e n t i a t i o n 

index v a l u e of about 21. The trends for A1.0 , FeO + Fe 0,, 

TiO., P o0_, and MnO a r e n e a r l y constant i n d i f f e r e n t i a t i o n -
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index, ranging from 16 to 21. However, i n the more evolved 
magmas, the trend for A 1

2 ° 3 s ^ o w s a s l i g h t decrease, but 
the trends for F e 2 ° 3 + F e 0 » TLQ^, P2°5 a n ( ^ M n 0 a P P e a r t o 

i n c r e a s e . The MgO and CaO t r e n d s descend i n almost l i n e a r 
f a s h i o n , r e l a t i v e t o d i f f e r e n t i a t i o n index. 

The p a t t e r n of the tre n d s i s probably a t t r i b u t a b l e 

t o the d i f f e r e n t p r o p o r t i o n s of m i n e r a l s s e p a r a t i n g from 

s u c c e s s i v e l i q u i d s . I n the e a r l i e r stage, the d e c r e a s e s 

i n MgO and CaO, w h i l e A 1
2 ° 3 *~B constant, imply t h a t 

the l a v a s might be c o n t r o l l e d by removal of o l i v i n e and 

pyroxene. The s l i g h t d e p l e t i o n of A1,.0_ i n the l a t e r 

stage seems t o be an i n d i c a t i o n o f p l a g i o c l a s e involvement 

i n c o n t r o l l i n g the composition of the more d i f f e r e n t i a t e d 

magma. Suppression of c r y s t a l l i s a t i o n o f the F e - T i oxide 

phases might a l s o be i n c l u d e d i n the e a r l i e r d i f f e r e n t i a t i o n 

p r o c e s s , according t o the constancy i n the t o t a l i r o n and 

TiO^ t r e n d s . 

I n s p i t e o f l i t t l e v a r i a t i o n i n S i 0 2 contents, the 

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

Fe/Mg r a t i o s , have been d i v i d e d i n t o f i v e groups based on 

1% i n t e r v a l s i n the S i 0 2 percentage. Where t h e r e i s too 

g r e a t a sample p o p u l a t i o n r e l a t i v e t o other groups, S i 0 2 

i n t e r v a l s o f 0.5% have been used. The t o t a l i r o n oxides 

used here were c a l c u l a t e d as F e
2 ° 3 ' a n d a 1 1 oxide a n a l y s e s 

were a d j u s t e d t o t o t a l 100% Tha r e s u l t s of averaging major 
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and minor oxides w i t h i n each group a r e g i v e n i n Table 2-2. 
I t i s d i s c e r n e d t h a t MgO contents decrease s t e a d i l y ; on 
the c o n t r a r y , Na2<D ( i n c l u d i n g t o t a l a l k a l i s ) and Fe/Mg 
r a t i o s i n c r e a s e s y s t e m a t i c a l l y . T h i s supports the i n f e r e n c e 
from F i g . 2-1 t h a t s e p a r a t i o n of o l i v i n e + clinopyroxene, 
and subsequently of clinopyroxene + p l a g i o c l a s e , probably 
took p l a c e during the c o o l i n g h i s t o r y . 

The r e l a t i v e p r o p o r t i o n s of i r o n (FeO+Fe^O^), t o t a l 

a l k a l i s and MgO (as weight p e r c e n t ) i n the r o c k s from 

E a s t Greenland a r e p l o t t e d on the AFM diagram i n F i g . 2-2. 

The same p l o t s for the b a s a l t i c l a v a s from mid-west I c e l a n d 

(Johannesson, 1975), the l o w - a l k a l i t h o l e i i t e s of Skye 

( I . T . Williamson, p e r s o n a l communication), the A t l a n t i c 

ocean-floor t h o l e i i t e s (Engel at a l . , 1965), and the 

p i c r i t i c l a v a from E a s t Greenland (Brooks e t a l . , 1976) 

a r e a l s o i l l u s t r a t e d . I t i s c l e a r l y seen t h a t t h e s e l a v a s 

f a l l on n e a r l y the same trend, except f o r the o c e a n - f l o o r 

t h o l e i i t e s , a l l l y i n g c l o s e t o the Hawaiian t h o l e i i t i c 

t r e n d (Macdonald and Katsura, 1964). I f the ocean-floor 

t h o l e i i t e s a r e not taken i n t o c o n s i d e r a t i o n , the course of 

the p l o t t e d trend seems to show a strong decrease i n MgO 

i n the i n i t i a l stage and a s l i g h t decrease i n both MgO and 

FeO+Fe^O^. The divergence of the trend (at approximately 

65% FeO+Fe 20 3, 15% N a ^ K j O and 20% MgO) can be a s c r i b e d t o 

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

i 
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f r a c t i o n a t i o n p r o c e s s . O l i v i n e and/or clinopyroxene 

f r a c t i o n a t i o n can account for the d e p l e t i o n i n MgO and the 

enrichment of FeO+Fe 20 3 i n the e a r l i e r s t a g e . The sub

sequent s l i g h t impoverishment i n both MgO and FeO+Fe 20.j 

could be e x p l a i n e d by s u b s t r a c t i o n of e i t h e r F e - T i oxide 

m i n e r a l s + o l i v i n e - clinopyroxene or c a l c i c p l a g i o c l a s e 

+ o l i v i n e - clinopyroxene from the s u c c e s s i v e l i q u i d . 

Holland and Brown (1972) s t u d i e d t h e geochemistry 

o f the Ardnamurchan cone s h e e t s , which a r e p a r t of the 

North A t l a n t i c T e r t i a r y Igneous Province, and proposed 

Hebridean t h o l e i i t i c t r e n d s based on t o t a l a l k a l i s a g a i n s t 

S i O j * and on t o t a l a l k a l i s v e r s u s Fe/Mg r a t i o diagrams. 

I n t h i s study, the t h o l e i i t i c l a v a s from E a s t Greenland, 

mid-west I c e l a n d and Skye were p l o t t e d on such diagrams 

( F i g s . 2-3, a , b ) . These l a v a s form a d i s t i n c t l i n e a r 

t rend, extending t he Hebridean t h o l e i i t i c t r e n d towards 

the lower range of S i 0 2 v a l u e s , on the t o t a l a l k a l i s -

s i l i c a p l o t ( F i g . 2-3, a ) . However, on.the t o t a l a l k a l i s 

v e r s u s Fe/Mg r a t i o p l o t ( F i g . 2-3, b ) , the p l o t t e d t r e nd 

i s not conformable t o the Hebridean t h o l e i i t i c t r e n d 

between Fe/Mg r a t i o s of 0.65 t o 0.80, and i s s l i g h t l y 

lower i n Na^O + K^O than the proposed Hebridean t h o l e i i t i c 

t r e n d ( T i l l e v e t a l . , 1967) when the Fe/Mg r a t i o i s lower 

than 0.60, and then g r a d u a l l y i n c r e a s e s i n Na 20+K 20 

compared t o t h a t of the Hawaiian t h o l e i i t e s e r i e s . At 

an Fe-Mg r a t i o o f about 0.75, the newly e s t a b l i s h e d t r e n d 
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ascends r a p i d l y , and i s i n harmony w i t h the Hebridean 
t h o l e i i t i c t r e n d . 

I n Fig.2-3, b, the E a s t Greenland trend, which i s a 

segment of the newly e s t a b l i s h e d trend, l y i n g between an 

Fe/Mg r a t i o of 0.60 and 0.70, appears to change d i r e c t i o n 

a t an Fe/Mg r a t i o of about 0.67. T h i s p a t t e r n , again, can be 

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

s e p a r a t i n g from the s u c c e s s i v e l i q u i d s . Ferromagnesian 

mineral f r a c t i o n a t i o n can account f o r the e a r l i e r trend, 

and p l a g i o c l a s e , together w i t h ferromagnesian f r a c t i o n a t i o n 

f o r the more evolved t r e n d . 

F i g . 2-4 shows the p l o t of FeO+MgO a g a i n s t FeO/MgO 

(Macdonald and Kat s u r a , 1964) f o r the s t u d i e d l a v a s and 

the mid-west I c e l a n d i c l a v a s (Johannesson, 1975). I t 

appears t h a t t h e m a j o r i t y of the E a s t Greenland l a v a s f a i l 

c l o s e t o the p o i n t where the change i n the Hawaiian t h o l e i i t i c 

t r e n d occurs, and have a s i m i l a r p a t t e r n t o the Hawaiian 

t h o l e i i t i c t r e n d . I n other woirds, the l a v a s were mainly 

c o n t r o l l e d by o l i v i n e i n the f i r s t stage, and subsequently 

by p l a g i o c l a s e and pyroxene. The t h o l e i i t i c l a v a s of 

mid-west I c e l a n d form a trend, s l i g h t l y lower i n FeO+MgO 

than the E a s t Greenland- t h o l e i i t e s , and s u b p a r a l l e l t o 

the Hawaiian feldspar-pyroxene c o n t r o l l i n e . The higher 

FeO+MgO i n the East Greenland t h o l e i i t e s might be due t o 

the u n c e r t a i n t y of o x i d a t i o n r a t i o . 
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2.3. Trace element a n a l y s e s 

The chemical data t a b u l a t e d i n Table 2-3 a r e the 

average t r a c e - e l e m e n t v a l u e s f o r the l a v a s d e s c r i b e d i n 

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

t h o l e i i t e s ( P r i n z , 1967) . I t :Ls c l e a r l y seen t h a t the 

average v a l u e s for the E a s t Greenland t h o l e i i t e s a r e h i g h e r 

i n Zr and Cu, and lower i n Ba, Sr and Rb than those taken 

from P r i n z ' s d a t a . 

The v a r i a t i o n diagrams for the s t u d i e d t r a c e elements 

i n r e l a t i o n t o the d i f f e r e n t i a t i o n index (Thornton and 

T u t t i e , 1960) a r e shown i n F i g . 2-5. I n a d d i t i o n t o the 

data from E a s t Greenland, the data for a p h y r i c , t h o l e i i t i c 

l a v a s from mid-west I c e l a n d (Johannesson, 1975) have a l s o 

been d i s p l a y e d f o r comparative purposes. 

From F i g . 2-5, i f o n l y the E a s t Greenland data a r e 

taken i n t o c o n s i d e r a t i o n then t h e y do not d e f i n e c l e a r t r e n d s 

except f o r Mb, Y, Rb and Zn. However, the trend for Cu 

seems t o i n c r e a s e whereas t h a t f o r Cr seems t o decrease 

w i t h the d i f f e r e n t i a t i o n index. The tfb, Y, Rb and Zn t r e n d s 

a r e approximately p a r a l l e l t o the a x i s r e p r e s e n t i n g the 

d i f f e r e n t i a t i o n index. 

The t r e n d s a r e much more pronounced when both of the 

data, i . e . E a s t Greenland and mid-west Iceland, are 

c o n s i d e r e d . These t r e n d s seem t o change t h e i r s l o p e s a t 

a d i f f e r e n t i a t i o n index of about. 21 as do those f o r major 



+1 0) 
0] a) 
(0 +> 
W •iH 

•H 
E a) O H o 
U-l 

+J 
01 
+J 
rH c 
co •H 
0) > 10 •H iH O 
0) 'O 
0) c 
> IX> 

•H 
10 01 C <u 
10 •p 

•H 
<D •H 

.C (1) 
4J t-4 O 
m & 
o •P 
n N 
4J +J 
d M 
0) 10 
E P 
CD 5 H 
CD 0) 

U 
0) 10 
CJ u 
10 <D 
U > •P 10 

. c O •p 
•H 

E >a 
a <u 
a u 

(0 
01 i a) 0 

rH 
10 
> C 
CD id 
t j rH 
(0 C H 0) 
a> a> 
> u 
< o 

0) 
a> 
rH 
§* 
10 

m oi * 
CN 
n 

m 
I - I 
CM 

01 
CD 

01 
CD 

0) 
a) 

01 01 01 
<D 

01 
CD 

£ §• i - % 1 §• 
(0 10 (0 (0 
0) 01 01 CO 

10 (0 nt 
m a to 

n 
ro 
CN 
CM 
n 

n 

O 
in 
co 

CM <r> 
CM CM 

in 
CM 

CO in O 
co 

CM 

01 01 01 01 01 
CD CD (1) a> <a 

i-l 8* rH 
0* 

rH 
& 

rH 
& & & 

10 
& 
10 

& 
10 

& 
10 

& 
10 

01 0} 01 01 01 
* VD VO m in rH CM <* in 

rH rH rH f-t 
w '— w 

O rH CM rH CO 
in H cn CO 
CM H 

01 
a> 

01 

% t' 
AS 10 
01 01 
ro vo 
oo m 

rH r» 
<*Ji is. 

CM 
CM CO 

in oo 
CO 

jSl vo 
iH CO CO 

—, 
' • 

00 VO 
rH vo CT» 
CM rH 

rH 
N 

N c C •r4 
•H M 
U ft 

01 -—" 
„— a> 01 

rH 01 Q) a) Q> CD -P 
rH Is •P •H 
& CO •H •H 
IS 01 •H CD 
CO CD rH 
01 •o rH O 

a o 43 
rH 01 -C 4J 
in >i •p 
rH rH a> • 

CO N c CD C •P •r4 rH 
CO CO U > A in CO •H CO 
rH ID 2, rH rH 

00 & O •H 
J CO 

«M «M > O 0 O CO 

0) © 0) CO 
cr> cn Cn +J 
CO co CO cd M u H "O 

CD 
> > > 0 
< < 

CO m • • 
in rH CM CO * 

rH +1 +1 + 1 +1 +1 
<j> r» r» CM 
00 iH vo co co 

CM 

+ 1 + +1 +1 +1 
rH O <T» 
* t Ch CO 
CM rH 

>1 
(D 



X30NI N 0 I l V U N H H 3 d J I 0 
8£ 9C * E Z£ OE 8Z 93 *lZ ZZ 03 91 91 
T T T T 

- - • • 

i . A , ' 

/ A o e A • o° 

/ A A-A * * • A « 

i 1 

i -

/ _ 

A * 

A A 2 ! ^ _ A . 

* * A . 
A A A * * * * A 

4 A * * * * * * 1 

(k* * * 
AA * 

A * A / £*5*fl^^*y • -
A A 

i—™r 1 r i r 

. A- A • 

o A S _ _ a * • 
* A A ' A - 8 - * . 

A 

* A 

^ £ A , 
A . ' » • • 

A 

A * 
A , 

A 
A * 

A*A 

I 
I 

A I i * 
I A • 

A ' 4 
I o « . 
/ . ' 

/ 1 
/ 
/ -1 

/ -I 

( A A 

- A 

J 1. J L J L 

0*1 

09 

oe 

ooi 

ozi oa 

OH 

091 

081 

002 

0 

03 

09 

08 

001 

OZI 

O H 

091 

oei 

003. 

033 

0*73 

093 

083 . 

uidd 

J Z 

se 
i 



36 

ppm 

460 

440 

420 

400 

380 

360 

340 

320 

300 

280 

260 

240 

220 

200 

180 

160 

140 

i i i i i " T ~ 1 r 

h / 
I 

L / * . 
/ 

/ 

i 
V • 
\ 
\ 
N 

0 \ 
\ 
v\ 

\ 
\ 
\ 

• V\,T ¥ ¥ ¥ j 

? T 

7 » F 

/ V v 7f 

* »v 3 V I x ¥ • * • o ¥„ • V 1 _ f 

O 0« • at 
I 
I 

I 
/ 
/ » 

J L J L 
¥ 

16 18 20 22 24 .26 28 30 32 34 36 38 

D I F F E R E N T I A T I O N INDEX ; 



ppm 

200 I i i . 

1 BO 

160 

I 
\ 140 

I 120 

Ni 100 

\ 
80 

60 
V .vr* 
ft 40 

TV ¥ T I f 

V v 20 

180 

60 

140 
TV 

Zn 120 * r vw 7 

100 

80 

60 

30 

20 
Rb V T V TV»» V ? » 

TT V * T » 

• \ V T , V TV 
10 

I 

16 18 20 22 24 26 28 30 32 34 36 38 
D I F F E R E N T I A T I O N INDEX 



38 

400 

380 

360 

340 

320 

300 

280 

260 

240 

220 

200 

180 

160 

140 

120 

100 

80 

60 

40 

20 

0 

h / 

L / 
I 

i 
/ 
/ • 

I - / • 
/ 

t r i 

• / "' \ 

\ 

i r 

n g0 
O ID 

/ 

• - • . 
o • « 

TV 

7 

7 

V 7 

7 V 

7 * 

7 ' 

7 

1 1 1 I L _ I I L 
16 18 20 22 24 26 28 30 32 

D I F F E R E N T I A T I O N INDEX 
34 36 38 



I 

320 

300 

280 

260 

240 

220 

200 

180 
Cr 

jpm 160 

140 

120 

100 

80 

60 

40 

20 

i 1 1 1 1 r i 1 1 1 r i i 

I - / 
/ 

i 
' / 

/ 
/ 
/ 

hi • 
I 

M 
\ 

i- \ 
\ 

U v 

OS o 

o • o 

J L J L _ L 
16 18 20 22 24 26 

DIFFERENTIATION INDEX 
28 30 



and minor oxides/elements. Nb, Y, Rb and Zn form markedly 

l i n e a r trends, w i t h constant values i n the e a r l i e r stage; 

and w i t h p o s i t i v e slopes i n the more advanced stage 

represented by the d i f f e r e n t i a t i o n index. Ba, Zr and Sr 

appear to increase but Cu seenus t o d iminish r e l a t i v e t o 

the d i f f e r e n t i a t i o n index. This t rend f o r Ni shows a strong 

negative slope i n the f i r s t stage, and i s f a i r l y constant 

i n the more advanced magma. Although there are no data 

on Cr f o r the mid-west Ice landic lavas, the Cr trend appears 

t o consis t o f two d i f f e r e n t slopes, w i t h s i m i l a r pa t t e rn t o 

the Ni t r end . From such evidence, as w e l l as petrographic 

evidence, i t can be i n f e r r e d t h a t the lavas were con t ro l l ed 

by o l i v i n e , sp ine l ( p i c o t i t e ) and clinopyroxene f r a c t i o n a t i o n 

i n the i n i t i a l stage o f cool ing h i s t o r y . Furthermore, the 

c r i t e r i a f o r d i s c r imina t ing between the oceanic t h o l e i i t e s 

i n i t i a l l y governed by separation o f o l i v i n e , and those 

f i r s t l y con t ro l l ed by plagioclase f r a c t i o n a t i o n were summ

arised by G. Thompson et a l . (1972). The t h o l e i i t e s 

characterised by o l i v i n e as the f i r s t mineral t o c r y s t a l l i s e , 

show a decrease i n Cr and Ni concentrations i n the e a r l y 

stage of f r a c t i o n a t i o n . I n contras t , those characterised 

by plagioclase as the f i r s t mineral t o c r y s t a l l i s e do not 

show a systematic Ni and Cr t rend i n the i n i t i a l stage o f 

f r a c t i o n a t i o n . That summary supports the deduction i n t h i s 

study tha t o l i v i n e c r y s t a l l i s e d e a r l i e r than p lag ioc lase . 



Pearce and Flower (1977) have shown the r o l e o f 

f r a c t i o n a l c r y s t a l l i s a t i o n f o r lavas at accret ing p l a t e 

margins by using diagrams based on Ce/Sm, Sm/Yb and the 
i 

other r a t i o s of A l 2 0 3 / T i 0 2 and C r / T i . Two of these d i a 

grams, i . e . Al jO^/TiO^ versus T i , and C r / T i versus T i 

diagrams, have been displayed. I n view of the Al^O^/TiC^ -

T i p l o t (F ig . 2-6) , i t i s obvious t ha t the East Greenland 

t h o l e i i t e s form a l i n e a r pa t t e rn approximately p a r a l l e l 

t o the t rend f o r garnet f r a c t i o n a t i o n , However, i n terms 

of mantle-source c o n t r o l , garnet could be involved but i t 

i s more l i k e l y t ha t the f r a c t i o n a t i o n o f the basal ts | 

occurred at lower pressures, where plagioclase was the 

dominant aluminous phase; hence, the lavas might be 

l a r g e l y con t ro l l ed by plagioclase w i t h small amounts o f 

o l i v i n e and cl inopyroxene. I n contras t , when the C r / T i -

T i diagram (F ig . 2-7) i s considered, the East Greenland 

t rend seems t o conform w i t h the models o f o l i v i n e +1.2% 

sp ine l , and clinopyroxene f r a c t i o n a t i o n . The d i f f e r e n c e 

between the East Greenland pat terns i n F i g . 2-6 and F i g . 

2-7 might be explained by two episodes o f d i f f e r e n t mineral 

f r a c t i o n a t i o n . 

The t h o l e i i t i c lavas from East Greenland and those of 

mid-west Iceland (Johannesson, 1975) are p l o t t e d on the 

CaO-Y diagram.of Lambert and Holland (1974) i n F i g . 2-8. 

These lavas appear t o form the L-type t rend i n d i c a t i n g 

p lagioclase-augi te con t ro l i n t h e i r f r a c t i o n a t i o n processes. 
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i . 

The appearance o f the s l i g h t k ink a t CaO and Y contents 1 

of about 10% and about 30 ppm„ respec t ive ly , might be the 

s i n g i f i c a n t evidence i n i n t e r p r e t i n g t h e i r petrogenesis. 

These lavas are l i k e l y t o be dominantly con t ro l l ed by 

o l i v i n e + i lmen i t e + magnetite i n i t i a l l y , and subsequently 

by plagioclase + cl inopyroxene. 

2 .4 . Other chemical r e l a t ionsh ips 

F i g . 2-9 shows the v a r i a t i o n s of the major oxides 

and trace elements f o r the t h o l e i i t e s belonging t o each 

se l f -con ta ined area, w i t h the r e l a t i v e heights as described 

i n Chapter 1 . The c o e f f i c i e n t o f v a r i a t i o n i s comparatively 

low f o r a l l major and minor oxides, and some t race elements 

(Rb, Y, Nb and Zn), but i s r e l a t i v e l y high f o r the other 

t race elements (Ba, Zr, Sr, Cu, Ni and C r ) . The high 

peaks f o r Sr i n sample number 143908 (2,225 m i n h e i g h t ) , Cu 

i n sample number 143889 (1,520 m i n h e i g h t ) , and Ni and Cr 

i n sample number 143902 (2,160 m i n height) were o f i n t e r e s t 

t o ascer ta in some specia l minerals i n these rocks i n a d d i t i o n 

t o t h e i r common cons t i tuen t s . From the r e su l t s of i n v e s t i 

gat ions , the high peak f o r Sr can be ascribed t o the presence 

of zeo l i t e s and apophy l l i t e as amygdale minerals . For the 

specimens w i t h high Cu peak, copper minerals were c a r e f u l l y 

searched f o r , pe t r ©graph i ca l l y , but have not been detected. 

Nevertheless, p a r t i a l analyses:; f o r Cu i n fe ldspar , pyroxene 

and Fe-Ti oxides were performed by e lec t ron microprobe; 

i 



46 

\ / / \ 

\ 

V 

—I L 

• -«• 

t 
? * 
; 

i f / \ / \ i l • N 

J L 

16 

S 15 
/ vNt' 

FeO+Fe„0 
r V i wt %) 

\ \ 
\ \ \ I; t i 13 / TV J 

12 

17 

A 
\ Al„0 

15 

1 1 I* 

13 

S i 0 2 

52 

51 

50 

U9 

T T -i 1 r "i r 

?T \ / 
-!; \ / 

Hi 

J 1 L J 1 L J L 

V 4 

_L 

T I 1 r 

• \; -. • : / \ ' 
; \ ..' \7 • 
\ v . ? 

1 1 [— 

1 
n 

/ \ / x 

500 
J L 

1000 1500 
HEIGHT IN SECTION ( m) 

2000 
J I i 

2500 



47 

0.4 

0. 2 

1 r 

J L 

MnO 
(wt % ) 

1 1 1 1 

I I l _ J l 

i 1 1 1 1 1 1 r— 

--.^ -»-••«•-• 

J L I I J L J L 

0. 4 

P 2 ° 5 0.2 

~i r 

(wt %) 

i r TTTH 1 r i 1 r 
it 

"v 
^ • --• 

~rs r 

• • • • • « • • 

i r 

J I I I I I 1 L J I L I ' l l 1 L J L J L 

1 1 1 1 ! 1 r "i 1 r 

TiO 2 

Iwt %) 

-i i 

T r T r 

I / 

J I I J L 

—i 1 

—w , 

J I L 

A 
/ V -

i l L J L 

0. 6 

K 2 0 0.4 

T 1 1 1 1 1 r 1 1 r "i 1 r 

(wt % ) 
0. 2 

0 

7 « 

j i J L i 

••"Ik 

' . V 

J L 

•. \ 

\ \ hi \ / \ ! • v 
_i 

P. 

n — r ~ i — — I 1 — i r x — i n — 

N a 2 0 
(wt % ) 

1 
i /u. . . . 

CaO 
(wt %) 

13 

12 

11 

10 

1 1 1 T 
It 

"i 1 1 1 r i r 

J L 

- • • r -

l i I L 

i r 

. 1 » • / \ 

J L L_ 

i 
J L 

500 1000 1500 

HEIGHT IN SECTION Im) 

2000 2500 



48 

Rb 
( ppm ) 

50 

Y 
( ppm ] 

"i r i 1 1 r i r 

•— 

J L J L J L J I I L 

n r 
j» 

l 1 1 r 

J L 

250 

Zr 2 00 
I ppm) 

150 

110 

50 

Nb 
( ppml 

1 1 1 H f — r 

\ \ ! \ / \ / X / \ 
! \ i 

t 
i 

i r i r -i r \ r 1 r -i r 

\ / 
\ / 

. / \ 
1 V \ 

/ i 
/ i 

,f 
I v 

J L J L J L _1_ _1_ J L 

/ I 

J I L 

' T 
i 

\ \f i <\ J / ' 

I < ! 

• / 

• /* u \ 'if--* 
i! 

J L 

T r n 1 1 1 1 1 1 1 r 1 r 

^ V : V T * ^ - W * ^ X - / ^ - . A f ^ : ^ 
_ i 1 1 1 1 i i L i " ' ' ' ' ' i ^ i i ' 

150 i 

100 \ • / s / Ba \ ? 
ppm \ 

i i « 
i * 

50 

500 1500 2500 1000 2000 
HEIGHT IN SECTION (m) 



400 

350 

300 

• \ 250 

:\ 

V i 200 
i V 

150 
500 1000 1500 2000 2 500 

HEIGHT IN SECTION (m) 



50 

400 

350 

I 

300 

a 
i i 

/ 9 ! 

250 hi i / 
!4 ill 

jl v I •J / i \ i if ! 
i ;'0 i V t \ ! 

/ 200 tr i i 
L ' 

i 
b Jl II 

150 i i • i 

150 

ft 
100 

1 N. 

50 
500 1000 1500 2000 2500 

HEIGHT IN SECTION (m) 



330 

300 

T r 

i i 

i 1 1 1 1 1 r 

250 

200 

a i 

- i * / 
W 1 

E 
Q -

150 

[! \ 
i) 

ii 
II -t 

100 

50 

• v 
/ V 

/ t / 

A 

\ f 

\ ! 

"l 1 1 1 — i r 

9. 

I it. 
:* J v. 

} i 
a 

n 
i 
i 

i \ 
\ \ 
i \ 
\ 

i 

\ 
\ 

J 
n 

/ i ' «. 

10 h J L J ! ! ! I i I i i i i J I L I i I I i i 

200 I i i i 1 1 1 1 1 1 r "I 1 1 1 1 1 1 1 r T r 

150 
iiJ. 

ft 

E 
Q . 
C L 3 100 

50 

A 

.' \ 

.' v 

V* 
i 

_ • 

/ \: 
i \ "• 
i A \ 

i : \ 
i : * \ 

* \ ' 
\ 

\ \ \ 

J 1 1 1 I I I J 1 I I I I J 1 1 1 I I I I I 
500 1000 1500 

HEIGHT IN SECTION (m) 
2000 2500 



although the de tec t ion l i m i t s are low, the Cu contents i n 

the minerals of the high Cu rock are high i n r e l a t i o n t o 

those of the lower Cu samples. The existence o f o l i v i n e s 

and brownish chrome-spinel inc lus ions i n some o l i v i n e s , 

could account f o r the high Ni and Cr peaks. 

The v a r i a t i o n i n the oxides and the elements can be 

explained by the f o l l o w i n g reasons. I n the f i r s t place, 

they might be due t o parenta l magma v a r i a t i o n as suggested 

by Pearce and Flower (1977). Secondly, v a r i a t i o n could 

develop during the i n i t i a l cooling o f magma pulses as 

shown by Watkins et a l . (1970), where lavas from d i f f e r e n t 

par ts of a s ing le f low have va r i ab l e values f o r major and 

minor oxides, and t race elements. T h i r d l y , d i f f e r e n t degrees 

o f weathering, and the propor t ions of secondary minerals, 

can also induce v a r i a t i o n s . Four th ly , the amounts o f 

phenocryst and/or microphenocryst assemblages can cause 

va r i ab l e values i n some oxides and elements corresponding 

t o the assemblages. F i n a l l y , e r rors i n analyses might be 

in tegra ted i n t o the p l aus ib le reasons. 

F i g . 2-9 also shows the co r re l a t ions between the 

lavas i n each se l f -conta ined area i n terms o f geochemical 

data. These cor re la t ions and those made by Emeleus (1971) 

are genera l ly i n unison. The displacement of some peaks 

between these s t r a t i g r a p h i c pos i t ions might be due t o 

va r i ab l e thicknesses of corresponding f lows i n d i f f e r e n t 

se l f -conta ined areas, as w e l l as the reasons given above. 
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I n a d d i t i o n t o simple geochemical r e l a t i onsh ip s , 

R-mode f ac to r analysis was performed t o show the o v e r a l l 

geochemical p a t t e r n . The p r i n c i p a l f ac to r matr ix was 

f i r s t calculated t o minimise cons t ra in t by using a logar 

i thmic t ransform (Chayes, 1960) and i t was found tha t 9596 

of the t o t a l variance o f the data could be resolved i n t o 

seven fac to r s w i t h eigen values greater than 0.5 (Spencer, 

1966). Spencer (1967) has argued tha t the p r i n c i p a l f a c t o r 

matr ix i s u sua l ly inadequate f o r many geochemical purposes, 

and suggested tha t a clearer r e s o l u t i o n can be achieved by 

t r a n s l a t i o n i n t o a promax oblique primary pa t t e rn matr ix 

(Hendrickson and White, 1964) .. 

The raw data used t o ca lcula te the f ac to r s were the 

percentages of major and minor oxides (Total Fe as Fe^O^), 

t race elements (ppm) , and height (m). The computer programme 

of Reeves (1971) was used i n t h i s c a l c u l a t i o n . The s i g n i 

f i c a n t values of the promax oblique pr imary pa t t e rn matr ix , 

inc luding eigen values and the percentages of the variance 

o f Factor 1 to Factor 7, are given i n Table 2-4. Factor 

scores are also l i s t e d i n Table A-3 (Appendix). 

F i g . 2-10 i s the p l o t o f the f ac to r scores of each 

sample f o r Factor 6 which represents NaO and A l 0 

(negative pole) and MgO (pos i t ive p o l e ) , against d i f f e r e n t 

i a t i o n index. The strong negative c o r r e l a t i o n leads Factor 

6 t o be a d i f f e r e n t i a t i o n f a c t o r . On the same diagram, the 

average values o f the f ac to r scores on the basis o f 
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T a b l e 2-4. Promax oblique p r i m a r y p a t t e r n matrix, 
Kmin = 6. Only the s i g n i f i c a n t v a l u e s 
a r e l i s t e d 

V a r i a b l e F a c t o r 

1 2 3 4 5 6 7 

s i o 2 -0.86 
! 

A 1 2 ° 3 -0.53 
Fe 0 
( t o t a l Fe) 0.45 

F e 2 ° 3 0.45 
MgO 0.85 
CaO -0.62 
Na 20 -0.73 
K 2 0 0.60 -0.74 
T i 0 2 0.65 0.40 
MnO 0.64 
S 0.51 
P 0 2 5 0.49 0.48 
Ba -0.87 0.58 
Nb -0.50 1.21 
Zr 1,30 
Y -0.52 1.25 
Sr 0.67 
Rb 0.91 -0.50 
Zn -0.51 1.10 
Cu -0.51 0.49 0.41 
Ni -0.93 
Cr -0.47 
Height 1.01 
E i g e n 
v a l u e 0.60 0.62 0.71 1.15 2.31 3 .56 7.36 
E i g e n 3.50 3.62 4.13 6.70 13 .42 20.72 42.85 
v a l u e °A r 
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d i f f e r e n t i a t i o n - i n d e x i n t e r v a l s of .2 (Table 2-5) have been 

p l o t t e d . I t emerges t h a t the negative trend c o n s i s t s of 

two s l o p e s , and t h a t the change i n the d i r e c t i o n of the 

trend takes p l a c e a t a f a c t o r s c o r e of about 0.00 and a 

d i f f e r e n t i a t i o n - i n d e x v a l u e of about 21. T h i s f e a t u r e 

could be a t t r i b u t e d t o the removal of magnesian m i n e r a l s 

i n the e a r l i e r stage, and of Na-Al m i n e r a l s i n the l a t e r 

stage, from the s u c c e s s i v e m e l t s . 

The f a c t o r s c o r e s for each sample a r e p l o t t e d on 

diagrams w i t h F a c t o r 1 and F a c t o r 6 ( F i g . 2-11), F a c t o r 2 

and F a c t o r 6 ( F i g . 2-12), F a c t o r 3 and F a c t o r 6 ( F i g . 2-13), 

F a c t o r 4 and F a c t o r 6 ( F i g . 2-14), F a c t o r 5 and F a c t o r 6 

( F i g . 2-15), and F a c t o r 7 and F a c t o r 6 ( F i g . 2-16) as 

axes. The p o i n t s appear t o s c e p t e r i n any f i e l d , and the 

m a j o r i t y of them tend t o c l u s t e r around n u l l f i e l d s . The 

s c a t t e r i n g of these p o i n t s might be due t o the l i m i t e d com

p o s i t i o n a l range of the s t u d i e d l a v a s . However, when the 

f a c t o r s c o r e s of each f a c t o r a r e grouped according t o 

d i f f e r e n t i a t i o n - i n d e x i n t e r v a l s of 2 (Table 2-5), they 

appear t o show tre n d s w i t h two d i f f e r e n t s l o p e s , and the 

divergence of the t r e n d s occur around the n u l l f i e l d s . 

T h i s might be e x p l i c a b l e on the same grounds as f o r the 

p l o t of f a c t o r s c o r e s for F a c t o r 6 a g a i n s t d i f f e r e n t i a t i o n 

index (see above). 

The normative o l i v i n e - c l i n o p y r o x e n e - q u a r t z p l o t , i n 



Table 2-5. Average v a l u e s of f a c t o r s c o r e s for promax oblique primary p a t t e r n matrix 
according t o t h e i r groupings based on d i f f e r e n t i a t i o n - i n d e x i n t e r v a l s of 2 

Group No. 

D i f f e r e n t i a t i o n - 1 6 _ 1 8 18-20 20-22 22-24 24-26 26-28 28-30 
index grouping 

Abundance of 
Specimens 12 26 16 13 12 

F a c t o r 1 2.18 -0.40 0.20 -1.36 0.11 2.07 -0.02 

F a c t o r 2 0.52 -0.26 -0.08 -0.44 0.25 1.31 -0.20 

F a c t o r 3 0.21 =0.08 -0.66 -0.19 0.55 0.02 -0.48 

F a c t o r 4 0.17 - -0.38 -0.16 -0.01 -0.75 -0.20 -0.09 

F a c t o r 5 -0,58 0.79 0.46 0.69 0.20 -0.55 0.42 

F a c t o r 6 -0.83 0.3 4 0.94 0.63 -0.04 -0.82 0.81 

F a c t o r 7 -1.82 -0.45 0.82 -0.21 -1.47 -1.42 0.60 

D i f f e r e n t i a t i o n 
index 17.16 19.29 21.08 23.00 24.95 26.81 28.99 

cn 
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terms of molecular p e r c e n t ( F i g . 2-17), demonstrates 
t h a t most of the E a s t Greenland b a s a l t s c l u s t e r around the 
c r i t i c a l plane of s i l i c a - s a t u r a t i o n (Yoder and T i l l e y , 1962), 
and tend to form a broad band trending towards the q u a r t z 
apex. T h i s t r e n d suggests that, a low-pressure f r a c t i o n a t i o n 
p r o c e s s might be i n v o l v e d i n the geochemical v a r i a t i o n of 
the s t u d i e d samples. 

According t o Yoder and T i l l e y (1962), o l i v i n e , c l i n o -

pyroxene and p l a g i o c l a s e can s u b s t i t u t e for f o r s t e r i t e , 

d i o p s i d e and the a l b i t e - a n o r t h i t e s e r i e s , r e s p e c t i v e l y , i n 

the i r o n - f r e e system of d i o p s i d e - f o r s t e r i t e - a l b i t e - a n o r t h i t e . 

Thus a l l the analysed t h o l e i i t e s a r e p l o t t e d on the q u a r t z 

p r o j e c t i o n (weight p e r c e n t ) w i t h i n the normative b a s a l t 

t e t r a h e d r o n (Yoder and T i l l e y , 1962) i n F i g . 2-18, i n which 

phase boundaries a r e from the experimental work on the 

i r o n - f r e e system of Osborn and T a i t (1952). I t i s obvious 

t h a t the analysed samples l i e c l o s e to the l o c u s of l i q u i d 

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

predominantly i n the p l a g i o c l a s e f i e l d . Such a f e a t u r e 

might be i n d i c a t i v e of the p r i n c i p a l phenocryst and/or 

microphenocryst assemblage as d e s c r i b e d i n Chapter 3, i . e . 

the predominant, p r i n c i p a l phenocryst and/or microphenocryst 

assemblage i s p l a g i o c l a s e , and the o l i v i n e - p l a g i o c l a s e 

assemblage i s much more common than t h a t c o n t a i n i n g a 

s i g n i f i c a n t amount of clinopyrox^ne phenocrysts and/or 

microphenocrysts. 
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Comparisons i n the l i g h t of geoc'hemical f e a t u r e s of 
the analysed l a v a s have been drawn with other t h o l e i i t e s i n 
the North A t l a n t i c T e r t i a r y Igneous Province, and with 
ocean-floor t h o l e i i t e s . The average v a l u e s for major oxides, 
minor oxides and d i s p e r s e d elements, i n c l u d i n g K/Rb, Sr/Rb 
and Na/K r a t i o s , o f t h e t h o l e i i . t i c l a v a s from the r e s e a r c h 
region, mid-west I c e l a n d (Johannesson, 1975), Skye ( I . T . 
Williamson, p e r s o n a l communication), and c e r t a i n ocean 
f l o o r r e g i o n s (Engel e t _ a l . , 1965) a r e g i v e n i n Table 2-6. 
I t i s c l e a r l y seen t h a t the average v a l u e s for Al^O^, Cu 
and K/Rb r a t i o of the s t u d i e d l a v a s a r e higher but f o r K^O 
and Na/K are lower than those of the t h o l e i i t e s from mid
west I c e l a n d . I n c o n t r a s t , the average v a l u e s f o r the 
E a s t Greenland t h o l e i i t e s a r e lower i n A 1 2 0 3 , Cu and K/Rb 
r a t i o , and high i n K^O and Na/K r a t i o , r e l a t i v e t o those 
for the l o w - a l k a l i t h o l e i i t e s of Skye, and for ocean-floor 
t h o l e i i t e s , except for A l 2 ° 3 a n' 3 v a l u e s which appear 

to be s i m i l a r i n both the thole.Lites of E a s t Greenland 

and Skye. N e v e r t h e l e s s , when the average v a l u e s f o r T i C ^ 

t o t a l i r o n , MnO, P~0_, Ba and Sir/Rb are taken i n t o c o n s i d -

e r a t i o n , the average v a l u e s for the analysed l a v a s a r e 

b r o a d l y comparable to those for the mid-west I c e l a n d i c 

l a v a s according t o t h e i r both being higher i n t h e s e v a l u e s 

than the Skye and ocean-floor t h o l e i i t e s . I n other words, 

the E a s t Greenland l a v a s bear a c l o s e r e l a t i o n s h i p to the 



T a b l e 2-6. Average a n a l y s e s for major and minor oxides (wt.%), and t r a c e elements (ppm) 
of the analysed T e r t i a r y t h o l e i i t i c l a v a s from E a s t Greenland, compared with 
t h o l e i i t e s from mid-west I c e l a n d , Skye and p a r t s of the ocean f l o o r . 

Si02 48.16-0.68 49.65-1.03 46.78-0.37 49.92-0.51 
T i 0 2 2.70*0.37 2.83*0.54 0.98*0.10 1.51*0.50 
A 1 2 0 3 15.28*0.15 14.24to.46 15.64*0.46 17.24*2.36 
F e 2 0 3 3.24*0.00 4.64*1.25 1.11*0.11 2.02*0.97 
FeO 10.14*0.49 9.34*1.46 9.90*0.37 6.87*1.79 
MnO 0.21*0.00 0.36*0.13 0.20*0.00 0.17*0.00 
MgO 6.27*0.88 4.91*0.99 8.78*0.68 7.28*1.09 
CaO 11.15*0.52 10.31*0.98 12.55*0.22 11.86*0.84 
Na 0 2.46-0.30 3.03*0.40 1.83*0.15 2.76*0.28 
K26 0.22*0.09 0.46*0.18 0.11*0.00 0.16*0.07 
P205 0.25*0.00 0.23*0.15 0.13*0.00 0.16*0.06 
Ba 89*21 141*33 6*8 X*±— ~3 
tfb 17*4 27*8 1*1 <30 
Zr 167*32 197*55 36*6 95*43 
Y 32*5 40*8 . 20*2 42*14 
Sr 237*38 263*36 119*13 130*32 
Rb 9*4 9*5 0 <10 
Zn 90*12 124*14 68*6 * 
Cu 241*36 135*58 164*75 77*7 
Ni 90*34 36*16 160*31 97*25 
Cr 13 9*53 * 421*25 297*95 
K/Rb 207*19 435*27 00 

Sr/Rb 27*10 24*7 
Na/K 10*3 2*1 15*0 15*1 

Key: 1. Average of 86 samples of analysed E a s t Greenland t h o l e i i t e s . 2. Average of 76 
t h o l e i i t i c l a v a s from mid-west I c e l a n d (Johannesson,1975). 3. Average of 16 l o w - a l k a l i 
t h o l e i i t e s from Skye (I.T.Williamson, p e r s . comm.). 4. Average of 10 samples of oceanic 
t h o l e i i t e s dredged from the A t l a n t i c and P a c i f i c oceans (Engel e t a l . , 1965). *No data 
a v a i l a b l e . 
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mid-west I c e l a n d i c l a v a s . Those d i f f e r e n c e s between the 

average v a l u e s for the t h o l e i i t i c l a v a s from E a s t Greenland 

and from mid-west I c e l a n d a r e probably due t o d i f f e r e n t 

s t a g e s of f r a c t i o n a t i o n , i . e . the d i f f e r e n t i a t i o n i n d i c e s 

and Fe-Mg r a t i o s for the mid-west I c e l a n d i c t h o l e i i t e s 

a r e g e n e r a l l y higher ( i . e . more advanced) than those for 

the E a s t Greenland t h o l e i i t e s . 

Hart (1969) has shown t h a t the p a t t e r n s on a K/Rb-K 

diagram can show e i t h e r a primary f e a t u r e or a modified 

f e a t u r e as the r e s u l t of l a t e r a l t e r a t i o n s of submarine 

t h o l e i i t i c b a s a l t magma. I n the case of the primary f e a t u r e , 

K/Kb r a t i o s seem to be roughly c o n s t a n t throughout v a r i o u s 

v a l u e s of K; i n the other case the a l t e r e d samples, owing 

t o a low-grade metamorphism or an exchange i n c a t i o n s w i t h 

sea water, appear to form a trend of d e c r e a s i n g K/Rb w i t h 

i n c r e a s i n g K c o n t e n t s . The K/Rb-K p l o t for the s t u d i e d 

l a v a s ( F i g . 2-19) r e v e a l s a trend of i n c r e a s i n g K/Rb r a t i o s 

i n r e l a t i o n t o t h e i r corresponding K c o n t e n t s . Hence, i t 

s t r o n g l y supports the view t h a t the d i f f e r e n t i a t i o n p r o c e s s 

took p l a c e during c r y s t a l l i s a t i o n . 

An e f f e c t i v e method for d i s c r i m i n a t i n g between o c e a n i c 

b a s a l t s and non-oceanic b a s a l t s , based on a TiO^-K^O-P^O^ 

p l o t , has been proposed by Pearce e t a l . ( 1 9 7 5 ) . They have 

a l s o shown, on such a diagram, t h a t the t h o l e i i t e s from 

Scoresby Sund have o c e a n i c a f f i n i t i e s although they have 
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c e r t a i n c h a r a c t e r i s t i c s of c o n t i n e n t a l p l a t e a u b a s a l t s . 

F i g . 2-20 i s the T i 0 2 - K 2 0 - P 2 0 5 diagram for the analysed 

samples, the mid-west I c e l a n d i c t h o l e i i t e s , and the l a v a s 

along the Reykjanes Ridge and Neovolcanic zone of I c e l a n d 

( S c h i l l i n g , 1973). I t can be deduced from t h i s p l o t t h a t 

a l l of these l a v a s are oceanic, and form a d i s t i n c t t r e n d . 

The trend appears t o change i t s d i r e c t i o n , from having a 

constant P o0_ r e l a t i v e to TiO_ and K_0 t o having a constant 2 5 2 2 
K„0 r e l a t i v e t o P_0_ and TiO_, a t the fo l l o w i n g (approximate) 2 2 5 2 
coo r d i n a t e s : TiO_, 78%; K„0, 13%; P o 0 c , 9%. T h i s might be 

2 2 2 5 

one of the c h a r a c t e r i s t i c p a t t e r n s of the t h o l e i i t e s i n 

the North A t l a n t i c T e r t i a r y Igneous Pr o v i n c e . 

Pearce and Cann (1973) have c l a s s i f i e d b a s i c v o l c a n i c 

rocks, according to t h e i r g e o t e c t o n i c p o s i t i o n , i n t o a 

number of magma types and have proposed a c l a s s i c flow 

diagram f o r d i s t i n g u i s h i n g these magma types on the grounds 

of l e s s mobile elements ( T i , Zr, Ni and Y; Cann, 1970) and 

Sr . I n t h i s study, the proposed c l a s s i f i c a t i o n scheme of 

Pearce and Cann (1973) has a l s o been followed. I t i s found 

t h a t the m a j o r i t y of the E a s t Greenland t h o l e i i t e s a r e 

"wit h i n p l a t e " b a s a l t s , i . e . o c e a n i c i s l a n d or c o n t i n e n t a l 

b a s a l t s ( F i g . 2-21). On the same Ti/100 - Zr - Y.3 diagram, 

the mid-west I c e l a n d i c t h o l e i i t e s , the t h o l e i i t i c l a v a s of 

Skye and the A t l a n t i c ocean-floor t h o l e i i t e s (Engel e t a l . , 

1965) have a l s o been p l o t t e d . I t i s d i s c e r n e d t h a t the mid-
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v e s t I c e l a n d i c t h o l e i i t e s superimpose on the p l o t t e d E a s t 
Greenland t h o l e i i t e s , and t h a t the t h o l e i i t e s of Skye and 
of the A t l a n t i c ocean f l o o r f a l l w i t h i n the ocean-floor 
b a s a l t and the low-potassium t h o l e i i t e f i e l d s , r e s p e c t i v e l y . 

S c h i l l i n g (1973) s t u d i e d the geochemistry of the 

t h o l e i i t e s o c c u r r i n g along the Reykjanes Ridge, extending 

t o the middle Neovolcanic zone of I c e l a n d , by p l o t t i n g l a r g e 

incompatible elements (K and La) and minor elements ( T i and 

P ) , i n c l u d i n g (La/Sm) r a t i o , a g a i n s t l a t i t u d e . The 

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

types of the t h o l e i i t e s : " p r i m a r y hot mantle plume (PHPM)" -

d e r i v e d b a s a l t s , "depleted low v e l o c i t y l a y e r (DLVL)" -

d e r i v e d b a s a l t s , and " t r a n s i t i o n a l " b a s a l t s . The PHMP -

d e r i v e d b a s a l t s a r e made up of a l l the land-exposed b a s a l t s , 

and have constant v a l u e s of K, La, T i , P and (La/Sm)„ _ 

r a t i o . The t r a n s i t i o n a l b a s a l t s , which a r e b e l i e v e d to be 

the mixing products of the PHMP-derived and the DLVL-derived 

b a s a l t s , l i e between the margin of I c e l a n d and l a t i t u d e 

about 60°N along the Reykjanes Ridge, and show remarkable 

d e p l e t i o n i n the l a r g e incompatible elements, minor elements, 

and ( L a / S m ) E > F r a t i o s r e l a t i v e t o d i s t a n c e away from the 

l a n d . The DLVL-derived b a s a l t s e x i s t along the Reykjanes 

Ridge extending southwards from l a t i t u d e 60°N, and have 

constant v a l u e s of K, La, T i , P and (La/Sm) r a t i o which 

a r e lower than those of the PHMP-derived b a s a l t s . F i g s . 2-22 

(a,b) show TiO.-K 0 and P_0 -K 0 p l o t s of the samples 
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d e s c r i b e d i n t h i s t h e s i s , the mid-west I c e l a n d i c t h o l e i i t i c 

l a v a s , the Skye t h o l e i i t i c l a v a s and the t h r e e types of 

t h o l e i i t e s s t u d i e d by S c h i l l i n g (1973). I t appears t h a t 

the t h o l e i i t e s from E a s t Greenland and mid-west I c e l a n d 

a r e s i m i l a r to the PHMP-derived b a s a l t s whereas the Skye 

l a v a s seem t o r e l a t e t o e i t h e r the t r a n s i t i o n a l b a s a l t s 

o f the mixing model or t o the DLVL-derived b a s a l t s . 

E x tremely low amounts of incompatible elements (Ba, 

K, P, Sr. Rb and Zr) a r e regarded as the t y p i c a l c h a r a c t e r 

i s t i c s of ocean-ridge t h o l e i i t e s (Engel e t a l . , 1965; 

Gast, 1965; Kay e t a l . . 1970). F i g . 2-23 i s a p l o t o f Rb 

v e r s u s Sr on a l o g a r i t h m i c s c a l e for the t h o l e i i t e s of 

E a s t Greenland, mid-west I c e l a n d , Skye, and the Reykjanes 

Ridge (O'Nions and Pankhurst, 1974). I t i s c l e a r l y seen 

t h a t the t h o l e i i t e s of E a s t Greenland and mid-west I c e l a n d 

a r e i n unison, and form a trend of constant Sr v a l u e s 

(about 250 ppm) w i t h v a r i a b l e Rb v a l u e s ranging from 1 t o 

about 25 ppm. Hie t h o l e i i t e s from the Reykjanes Ridge 

have lower Sr and Rb c o n c e n t r a t i o n s than those from E a s t 

Greenland and mid-west I c e l a n d . Furthermore, when the 

t h o l e i i t e s e x i s t i n g along the Reykjanes Ridge a r e 

c l a s s i f i e d according to S c h i l l i n g (1973), i t i s obvious 

t h a t the DLVL-derived b a s a l t s and the t r a n s i t i o n a l b a s a l t s 

a r e d i s t i n c t l y separated from each other on t h i s Sr-Rb 

diagram. The l o w - a l k a l i t h o l e i i t e s from Skye have the 

lowest v a l u e s of Rb i n r e l a t i o n t o other t h o l e i i t e s and 
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have Sr v a l u e s s l i g h t l y higher than the t r a n s i t i o n a l 

b a s a l t s but lower than the E a s t Greenland and mid-west 

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

F i g . 2-24 shows a T i - Z r p l o t f o r the t h o l e i i t e s from 

E a s t Greenland, mid-west I c e l a n d , Skye, and the A t l a n t i c 

o cean-floor (Engel e t a l . , 1965). T h i s p l o t r e v e a l s a 

strong p o s i t i v e c o r r e l a t i o n between T i and Zr. The s t u d i e d 

t h o l e i i t e s appear to c o i n c i d e w i t h the mid-west I c e l a n d i c 

t h o l e i i t e s . The Skye t h o l e i i t e s seem t o occupy the 

lowest end of the trend suggesting t h a t they a r e not 

t r a n s i t i o n a l b a s a l t s of the mixing-model type ( S c h i l l i n g , 

1973) and t h a t they might have the same o r i g i n as the 

ocean-floor t h o l e i i t e s . 
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CHAPTER 3 
PETROGRAPHY 

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

A l l the l a v a s of the f i v e s e l f - c o n t a i n e d a r e a s 

a r e mainly composed o f p l a g i o c l a s e (average l a b r a d o r i t e ) , 

clinopyroxene (augite) and F e - T i oxide phases, w i t h 

s m a l l amounts of o l i v i n e and p i g e o n i t e . I n t e r s t i t i a l , 

y e l l o w i s h brown t o brownish-:red and g r e e n i s h g l a s s i s 

sometimes found between the f e l d s p a r l a t h s , e x c l u d i n g 

the p i l l o w l a v a s where the groundmass i s e n t i r e l y g l a s s . 

Thus the E a s t Greenland l a v a s a r e c l a s s i f i e d as t h o l e i i t i c 

b a s a l t s according t o the d e f i n i t i o n by Kennedy (1933). 

However, Macdonald and K a t s u r a (1964) have pointed out 

t h a t p o s i t i v e m i c r o s c o p i c c r i t e r i a f or the d i s t i n c t i o n 

between t h o l e i i t i c and a l k a l i c r o c k s a r e few, and should 

be used w i t h g r e a t c a u t i o n . Thus the chemical and q u a s i -

chemical schemes of Macdonald and K a t s u r a (1964) and of 

Yoder and T i l l e y (1962) were followed, as w e l l a s the 

q u a n t i t a t i v e 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 . 

F i g . 3-1 shows t o t a l a l k a l i s p l o t t e d a g a i n s t SiO^* 

which i s used by Macdonald and Ka t s u r a (1964), t o 

d i s c r i m i n a t e between the Hawaiian t h o l e i i t i c and a l k a l i c 

s e r i e s . I t r e v e a l s t h a t a l l the analysed samples f a l l 

w i t h i n the t h o l e i i t i c f i e l d . , 
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B a s a l t s can be b e s t c l a s s i f i e d by using t h e i r 

normative m i n e r a l s , i . e . clinopyroxene, orthopyroxene, 

p l a g i o c l a s e , o l i v i n e , q u a r t z and nepheline which i s the 

b a s i s used by Yoder and T i l l e y (1962). I n c o n s i d e r i n g 

the analysed l a v a s , the abundances o f normative hypers-

thene, q u a r t z and o l i v i n e show t h a t t h e y a r e d i s t i n c t l y 

t h o l e i i t i c i n composition and can be d i v i d e d i n t o two 

main groups, namely quartz tho l e i t . e s and o l i v i n e t h o l 

e i i t e s . When the r e l e v a n t molecular p r o p o r t i o n s of the 

l a v a s a r e p l o t t e d on the t e r n a r y diagram ( F i g . 3-2), 

which i s the p r o j e c t i o n from the p l a g i o c l a s e apex onto 

the o l i v i n e - c l i n o p y r o x e n e - q u a r t z p l a n e of the b a s a l t 

tetrahedron, most of them c l t i s t e r around the t r a c e of 

the c r i t i c a l plane of s i l i c a s a t u r a t i o n . However, s i n c e 

these b a s a l t s have undergone a l t e r a t i o n , the o x i d a t i o n 

s t a t e must be considered because i t i n f l u e n c e s the 

p r o p o r t i o n s of normative m i n e r a l s . Fawcett e t a l . (1973) 

showed t h a t i f the chemical composition of a rock i s 

c a l c u l a t e d t o normative compositions w i t h d i f f e r i n g 

r a t i o s of FeO t o F e ^ ^ , the percentage of normative 

q u a r t z w i l l d e c r ease as the FeO/Fe^O r a t i o i n c r e a s e s . 

I n c o n t r a s t , normative o l i v i n e w i l l i n c r e a s e w i t h 

i n c r e a s i n g FeO/Fe 20 3 r a t i o . Thus the o r i g i n a l , u n a l t e r e d 

( p r e - o x i d a t i o n ) composition of the b u l k of the l a v a s 

might be o l i v i n e - t h o l e i i t i c . I n t h i s account, the 

http://tholeit.es
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term t h o l e i i t e i s used t o cover both o l i v i n e t h o l e i i t e 
and q u a r t z t h o l e i i t e because of the above reasons and 
the u n c e r t a i n t y of o x i d a t i o n s t a t e . 

The c l a s s i f i c a t i o n s i n the l i g h t of normative 

compositions and chemical c r i t e r i a a r e i n broad agreement 

w i t h the p e t r o g r a p h i c modal o b s e r v a t i o n s . Other important 

d i r e c t and i n d i r e c t chemical c h a r a c t e r i s t i c s of t h e s e 

b a s a l t s a r e t h e i r S i C ^ of 46-50%, a range of d i f f e r e n t 

i a t i o n index (Thornton and T u t t i e , 1960) of 16-30, and 

normative f e l d s p a r s and modal f e l d s p a r s more c a l c i c 

than A n5Q* 

3.2. Textures 

I n s p i t e of t h e i r simple mineralogy, the d e s c r i b e d 

l a v a s show noteworthy v a r i e t i e s of t e x t u r e s , e s p e c i a l l y 

the degree of c r y s t a l l i n i t y and g r a n u l a r i t y which range 

from g l a s s y up t o c o a r s e - g r a i n e d (average groundmass 

g r a i n s i z e of about 0.06-0.08 mm) t y p e s . Hence, the s e 

l a v a s a r e d i v i d e d i n t o four main groups on the grounds 

of t h e i r average groundmass c [ r a i n s i z e , and of f i e l d 

o b s e r v a t i o n s (Emeleus, 1971), and then subdivided 

according t o t h e i r amounts, types and s i z e s of phenocrysts 

and/or microphenocrysts together w i t h t h e i r groundmass-

mineral t e x t u r e s . The four main groups are p i l l o w 

l a v a s and f i n e - g r a i n e d , medium-grained, and c o a r s e 

grained b a s a l t s of which the average groundmass g r a i n s i z e s 



a r e about < 0.02 mm, 0.02-0.04 mm, and 0.06-0.08 mm, 

r e s p e c t i v e l y . Throughout t h i s account, the a r b i t r a r y 

v a l u e of 5% by volume of phenocrysts and/or micropheno-

c r y s t s (R.N. Thompson e t a l . , 1972) i s used fo r d i s t i n g 

u i s h i n g the l a v a s as p h y r i c or a p h y r i c . Those c o n t a i n i n g 

> 5% microphenocrysts and/or phenocrysts a r e c a l l e d 

p h y r i c l a v a s . The m a j o r i t y of thes e l a v a s a r e a p h y r i c . 

The phenocryst and/or microphenocryst assemblages a r e 

p l a g i o c l a s e , p l a g i o c l a s e + o l i v i n e , p l a g i o c l a s e + o l i v i n e 

+ a u g i t e , F e - T i oxides, or F e - T i oxides + p l a g i o c l a s e . 

The p e t r o g r a p h i c f e a t u r e s of each specimen from the 

f i v e s e l f - c o n t a i n e d a r e a s a r e summarised i n Table 3-1. 

3.2.1. P i l l o w l a v a s 

The g e n e r a l f e a t u r e s of the p i l l o w l a v a s a r e shown 

i n F i g . 3-3. The groundmass c o n s i s t s of brownish, 

d e v i t r i f i e d g l a s s and where a l t e r a t i o n has taken p l a c e , 

i t produces opaque materials.. Amygaloidal t e x t u r e i s 

common i n two samples and the amygdale m i n e r a l s a r e 

z e o l i t e s , a p o p h y l l i t e , c a l c i t e , amphibole, ? c h l o r o p h a e i t e 

and s i l i c a m i n e r a l s . 

V i t r o p h y r i c t e x t u r e i s common and i s made up of 

p l a g i o c l a s e and o l i v i n e , w ith o c c a s i o n a l a u g i t e micro

phenocrysts s e t i n the g l a s s y groundmass. The p r i n c i p a l 

microphenocryst assemblages are p l a g i o c l a s e , and p l a g i o 

c l a s e + o l i v i n e . The p l a g i o c l a s e microphenocrysts a r e 



T a b l e 3-1. Petrographic f e a t u r e s of the analysed samples from the f i v e s e l f - c o n t a i n e d a r e a s 
( a ) , ( b), ( e ) , ( f ) and (g) 

Main Groups P h y r i c or 
a p h y r i c 

Phenocryst and/or 
microphenocryst 
assemblages 

Groundmass t e x t u r e s Sample numbers 
and s e l f -
contained a r e a s 

P i l l o w 
l a v a s p h y r i c 

P l a g i o c l a s e 
•> 

P l a g i o c l a s e + o l i v i n e s 
G l a s s y 

144007 (a) 
143902 (d) 
143903 (d) 

F i n e 
g r a i n e d 
b a s a l t s 

P h y r i c 
F e - T i oxide 
microphenocrysts 

I n t e r g r a n u l a r clinopyroxenes 
and p l a g i o c l a s e l a t h s with 
o c c a s i o n a l s u b o p h i t i c 
clinopyroxenes. Small 
amounts of i n t e r s t i t i a l 
g l a s s and F e - T i oxides. 

143844 (a) 
143868 (a) 
143896 (d) 
143856 ( f ) 

F i n e 
g r a i n e d 
b a s a l t s 

P h y r i c 

F e - T i oxide and p l a g i o 
c l a s e microphenocrysts 

I n t e r g r a n u l a r clinopyroxenes 
and p l a g i o c l a s e l a t h s with 
o c c a s i o n a l s u b o p h i t i c 
clinopyroxenes. Small 
amounts of i n t e r s t i t i a l 
g l a s s and F e - T i oxides. 

143820 (a) 
143841 (a) 
143897 (d) 

Medium-
g r a i n e d 
b a s a l t s 

A p h y r i c 

Sporadic p l a g i o c l a s e , 
o l i v i n e , clinopyroxene 
and F e - T i oxide 
mi c r oph e no cr y s t s 

I n t e r g r a n u l a r clinopyroxenes 
and p l a g i o c l a s e l a t h s w i t h 
o c c a s i o n a l s u b o p h i t i c 
clinopyroxenes. I n t e r 
s t i t i a l g l a s s and F e - T i 
oxides are common. 

143827 (a) 
143825 (a) 
143842 (a) 
143866 (a) 
143865 (a) 
144008 (a) 
144009 (a) 
143837 (a) 
143829 (b) 
143810 (b) 

00 
0) 



T a b l e 3-1 continued 

Main Groups 

Continued 

P h y r i c or 
a p h y r i c 

Continued 

Phenocryst and/or 
microphenocryst 
assemblages 

Continued 

Groundmass t e x t u r e s Sample numbers 
and s e l f -
contained a r e a s 

Continued 

143 809 (b) 
143 808 (b) 
143 807 (b) 
143 804 (b) 
143 895 (d) 
143 894 (d) 
143 893 (d) 
143 892 (d) 
143 891 (d) 
143 890 (d) 
143 889 (d) 
143 887 (d) 
143 886 (d) 
143 862 (f) 
1 A-i W W W i e\ 

143 860 (f ) 
143 858 (f ) 
143 957 (g) 
143 956 (g) 
143 955 (g) 
143 953 (g) 
143 951 (g) 
143 940 (g) 

00 



Table 3-1 continued 

Main Groups P h y r i c or 
ap h y r i c 

Phenocryst and/or 
microphenocryst 
assemblages 

Groundmass t e x t u r e s Sample numbers 
and s e l f -
contained areas 

Continued 

Continued Continued 

Continued 
14385 5 (g) 
143854 (g) 
143853 (g) 
143852 (g) 
143851 (g) 
143850 (g) 

Continued 

Continued Continued Subophitic clinopyroxenes 
and p l a g i o c l a s e l a t h s w i t h 
o c c a s i o n a l i n t e r g r a n u l a r 
clinopyroxenes. I n t e r s t i t i a l 
g l a s s and F e - T i oxides are 
common. 

143814 (a) 
143830 (a) 

Continued 

P h y r i c 

P l a g i o c l a s e w i t h 
o c c a s i o n a l o l i v i n e , 
clinopyroxene and 
F e - T i oxides. 

I n t e r g r a n u l a r clinopyroxene 
and p l a g i o c l a s e l a t h s with 
o c c a s i o n a l s u b o p h i t i c 
clinopyroxene. I n t e r s t i t i a l 
g l a s s and F e - T i oxides are 
common. 

143840 (a) 
143871 (a) 
143 846 (b) 
143845 (b) 
143909 (d) 
143885 (d) 
143859 ( f ) 
143857 ( f ) 
143941 (g) 

Continued 

P h y r i c 

P l a g i o c l a s e + o l i v i n e 
w i t h o c c a s i o n a l c l i n o 
pyroxene and F e - T i oxides 

144004 (a) 
143806 (b) 
143805 (b) 

Continued 

P h y r i c 

CD 
CD 



T a b l e 3-1 continued 

Main Groups P h y r i c or 
a p h y r i c 

Phenocryst and/or 
microphenocryst 
assemblages 

Groundmass t e x t u r e s Sample numbers 
and s e l f -
contained a r e a s 

continued continued 

P l a g i o c l a s e + c l i n o 
pyroxene + o l i v i n e w ith 
o c c a s i o n a l F e - T i oxides. Continued 

143882 (b) 

continued continued 
Big f e l d s p a r phenocrysts 
(up t o 2cm i n length) w i t h 
o c c a s i o n a l clinopyroxene, 
o l i v i n e and F e - T i oxides. 

144006 (a) 
143877 (b) 

continued continued 
Big f e l d s p a r phenocrysts 
(up t o 2cm i n length) w i t h 
o c c a s i o n a l clinopyroxene, 
o l i v i n e and F e - T i oxides. 

P l a g i o c l a s e l a t h s and 
i n t e r s t i t i a l g l a s s with 
o c c a s i o n a l o l i v i n e , F e - T i 
oxides and clinopyroxene 

143878 (b) continued continued 

Big f e l d s p a r phenocrysts 
(up t o 2cm i n length and 
o l i v i n e microphenocrysts 
with o c c a s i o n a l c l i n o 
pyroxene and F e - T i oxides 

I n t e r g r a n u l a r clinopyroxene 
and p l a g i o c l a s e l a t h s w ith 
o c c a s i o n a l s u b o p h i t i c c l i n o 
pyroxene. I n t e r s t i t i a l g l a s s 
and F e - T i oxides are common 

143839 (a) 

Coarse
g r a i n e d 
b a s a l t s 

A p h y r i c 
Sporadic p l a g i o c l a s e , 
o l i v i n e , clinopyroxene 
and F e - T i oxides. 

I n t e r g r a n u l a r clinopyroxene 
and p l a g i o c l a s e l a t h s w ith 
o c c a s i o n a l s u b o p h i t i c c l i n o 
pyroxene. I n t e r s t i t i a l g l a s s 
and F e - T i oxdies are common 

143828 (a) 
143824 (a) 
143843 (a) 

Coarse
g r a i n e d 
b a s a l t s 

A p h y r i c 
Sporadic p l a g i o c l a s e , 
o l i v i n e , clinopyroxene 
and F e - T i oxides. Subophitic clinopyroxene and 

p l a g i o c l a s e l a t h s with occas
i o n a l i n t e r g r a n u l a r c l i n o 
pyroxene. I n t e r s t i t i a l g l a s s 
and F e - T i oxides are common. 

143 831 (b) 
143832 (b) 
143881 (b) 
143880 (b) 

oo 
CD 



T a b l e 3-1 continued 

Main Groups P h y r i c or 
a p h y r i c 

Phenocryst and/or 
mi c r op h e no c r y s t 
assemblages 

Groundmass t e x t u r e s Sample numbers 
and s e l f -
contained areas 

Continued 

Continued Continued 
Continued 

143876 (b) 
143908 (d) 
143 888 (d) 
143864 (f) 

Continued 

P h y r i c 

Big f e l d s p a r phenocrysts 
(up to 2cm i n length) 
w i t h o c c a s i o n a l c l i n o -
pyroxene, o l i v i n e and 
F e - T i oxides. 

Continued 
143872 (a) 
143870 (a) 
143869 (a) 
143899 (d) 
143898 (d) 

Continued 

P h y r i c 

Big f e l d s p a r phenocrysts 
(up to 2cm i n length) 
w i t h o c c a s i o n a l c l i n o -
pyroxene, o l i v i n e and 
F e - T i oxides. 

I n t e r g r a n u l a r clinopyroxene 
and p l a g i o c l a s e l a t h s with 
o c c a s i o n a l s u b o p h i t i c c l i n o 
pyroxene. I n t e r s t i t i a l g l a s s 
and F e - T i oxides are common. 

143873 (a) 
143879 (b) 



euhedral t o subhedral, and e x h i b i t o s c i l l a t o r y zoning. 

These microphenocrysts; o f t e n c l u s t e r together forming 

g l o m e r o p o r p h y r i t i c aggregates. The euhedral t o anhedral 

o l i v i n e microphenocrysts a r e l e s s abundant r e l a t i v e to 

the p l a g i o c l a s e microphenocrysts, and sometimes c o n t a i n 

t i n y g r a i n s of p i c o t i t e . P a l e g r e e n i s h , clinopyroxene 

microphenocrysts a r e r a r e or absent; when they e x i s t , 

t h e y show subhedral to anhedral o u t l i n e s . Hourglass 

s t r u c t u r e and s u b o p h i t i c t e x t u r e a r e a l s o p r e s e n t i n 

some clinopyroxene microphenocrysts. 

3.2.2. F i n e - g r a i n e d b a s a l t s 

T y p i c a l l y , a l l of these l a v a s show m i c r o p r o p h y r i t i c 

t e x t u r e , and have an average groundmass g r a i n s i z e of 

l e s s than 0.02 mm ( F i g . 3 - 4 ) . The microphenocrysts a r e 

composed mainly of F e - T i oxides and p l a g i o c l a s e , w i t h 

o c c a s i o n a l p a l e - c o l o u r e d c l i n o p y r o x e n e s . The F e - T i 

oxide microphenocrysts form numerous and e v e n l y d i s t r i b 

uted, euhedral t o subhedral c r y s t a l s and have s i z e s of 

groundmass m i n e r a l s being due t o ease of n u c l e a t i o n 

(Carmichael, 1964). O s c i l l a t o r y - z o n e d p l a g i o c l a s e 

microphenocrysts are subordinate t o the F e - T i oxide 

microphenocrysts, and have s i z e s up t o 0.05 mm. I n 

g e n e r a l , the p l a g i o c l a s e microphenocrysts occur i n 

gl o m e r o p o r p h y r i t i c f a s h i o n , and have euhedral t o sub

h e d r a l o u t l i n e s ; sometimes, corroded c r y s t a l s a r e 
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observed. Clinopyroxene microphenocrysts a r e r a r e or 
absent, and a l s o show o s c i l l a t o r y zoning w i t h a n h e d r a l -
subhedral o u t l i n e s . The c h a r a c t e r i s t i c micropheno-
c r y s t assemblages a r e F e - T i oxides, and F e - T i oxides + 
p l a g i o c l a s e . 

The groundmass c h i e f l y c o n s i s t s of p l a g i o c l a s e 

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

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

and g l a s s a r e much l e s s common. The v e s i c l e s i n t h e s e 

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

3.2.3. Medium-grained b a s a l t s 

The m a j o r i t y of the s t u d i e d samples belong to t h i s 

group of which the average groundmass g r a i n s i z e i s about 

0.02-0.04 mm. Apart from the groundmass g r a i n s i z e , the 

d i f f e r e n c e s between the f i n e - g r a i n e d and the medium-

grain e d b a s a l t s a r e t h a t the p r o p o r t i o n s of i n t e r s t i t i a l 

g l a s s and F e - T i oxides, and of i n t e r g r a n u l a r o l i v i n e s o f 

the medium-grained groundmass a r e much g r e a t e r than i n 

the f i n e - g r a i n e d groundmass. F e - T i oxide microphenocrysts 

a r e r a r e i n the medium-grained l a v a s . 

On the b a s i s of the a r b i t r a r y v a l u e ( 5 % by volume) 

of microphenocrysts and/or phenocrysts, the medium-

grain e d b a s a l t s can be c a t e g o r i s e d as e i t h e r p h y r i c or 

•aphyric l a v a s . 



The a p h y r i c l a v a s ( F i g s . 3-5, 3-6) c o n s i s t mainly 

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

pyroxenes w i t h s p a r s e l y s u b o p h i t i c c l i n o p y r o x e n e s ; 

i n t e r s t i t i a l F e - T i m i n e r a l s , and brownish t o g r e e n i s h 

g l a s s . Anhedral o l i v i n e s are p r e s e n t i n s m a l l amounts. 

I n a few specimens, s u b o p h i t i c clinopyroxenes predominate 

over the i n t e r g r a n u l a r c l i n o p y r o x e n e s . Two types of 

F e - T i oxides have been observed: a Ti-magnetite s o l i d -

s o l u t i o n and an i l m e n i t e - h e m a t i t e s o l i d - s o l u t i o n . The 

Ti-magnetite s o l i d - s o l u t i o n o f t e n forms i r r e g u l a r p atches 

w i t h i n i n t e r s t i c e s whereas the i l m e n i t e - h e m a t i t e s o l i d -

s o l u t i o n has needle- or blade-shaped c r y s t a l s . 

The p h y r i c l a v a s have v a r i a b l e amounts and s i z e s 

of microphenocryst and phenocryst m i n e r a l s . The 

p r i n c i p a l m i neral assemblages a r e p l a g i o c l a s e , p l a g i o 

c l a s e + o l i v i n e ( F i g s . 3-7, 3-8), and p l a g i o c l a s e + 

clinopyroxene + o l i v i n e . P l a g i o c l a s e phenocrysts and/or 

microphenocrysts u s u a l l y form s t e l l a t e - g l o m e r o p o r p h y r i t i c 

aggregates ( F i g s . 3-7, 3-8) and i n d i v i d u a l c r y s t a l s a r e 

euhedral-anhedral w i t h o s c i l l a t o r y zonation. Some of 

them have s i e v e t e x t u r e and i r r e g u l a r o u t l i n e s . The 

s i z e s of the p l a g i o c l a s e phenocrysts range up t o 2 cm 

i n l e n g t h , Clinopyroxenes o c c u r r i n g as phenocrysts and/or 

microphenocrysts a r e anhedral-subhedral and have s i z e s of 

up t o 0.9 mm i n diameter. O s c i l l a t o r y zoning and hour-
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F i g . 3-7 
Glomeroporphyritic t e x t u r e s of p l a g i o c l a s e - o l i v i n e 
p h y r i c l a v a . The phenocrysts and/or microphenocrysts 
a r e made up of o l i v i n e and p l a g i o c l a s e . Sample no. 
143805, cr o s s e d p o l a r s , x 25. 

F i g . 3-8 
B i g - f e l d s p a r b a s a l t of medium-grained type showing 
p l a g i o c l a s e and a l t e r e d o l i v i n e ( r e d d i s h brown) 
microphenocrysts. Sample no. 14383 9, c r o s s e d p o l a r s , 
x 25. 
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g l a s s t e x t u r e can be observed i n some specimens. O l i v i n e 
microphenocrysts and/or phenocrysts, ranging up t o 0.9 mm 
i n diameter, have anhedral-subhedral o u t l i n e s , and some
times occur i n g l o m e r o p o r p h y r i t i c f a s h i o n along w i t h 
p l a g i o c l a s e microphenocrysts and/oi: p h e n o c r y s t s . F e - T i 
oxide microphenocrysts a r e l e s s common. 

According t o o x i d a t i o n and a l t e r a t i o n p r o c e s s e s , 

most of the s p i n e l s show a v a r i e t y of s u b s o l i d u s t e x t u r e s 

when they a r e examined under r e f l e c t e d l i g h t . F r e s h 

o l i v i n e s and g l a s s are. r a r e , and a r e pseudomorphed by 

secondary m i n e r a l s , such as i d d i n g s i t e , c h l o r o p h a e i t e , 

amphibole, c a l c i t e and s i l i c a m i n e r a l s , as found i n vugs. 

3.2.4. Coarse-grained b a s a l t s 

The groundmasses of t h e s e l a v a s a r e v a r i a b l e from 

t h a t of f i n e - g r a i n e d b a s a l t s up to about 1 mm. The 

average groundmass g r a i n s i z e i s about 0.06-0.08 mm. The 

o n l y s i g n i f i c a n t phenocryst i s p l a g i o c l a s e , and the 

clinopyroxene i n the groundmass i s predominantly sub-

o p h i t i c t o p l a g i o c l a s e ( F i g s . 3-9, 3-10,3-11). I n t e r -

g r a n u l a r clinopyroxene i n the groundmass i s found i n a 

few samples ( F i g . 3 - 1 2 ) . G e n e r a l l y , the p e t r o g r a p h i c 

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

those of the medium-grained b a s a l t s except f o r the 

g r a i n s i z e s , phenocryst mineral assemblages and the 

nature of pyroxene groundmass, as d e s c r i b e d above. 
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F i g . 3-11 
B i g - f e l d s p a r b a s a l t of c o a r s e - g r a i n e d type 
d i s p l a y i n g s k e l e t a l F e - T i oxide microphenocrysts. 
Sample no. 143872, o r d i n a r y l i g h t , x 45. 

F i g . 3-12 
Groundmass of b i g - f e l d s p a r 
type showing i n t e r g r a n u l a r 
and secondary c a l c i t e ( a ) . 
cr o s s e d p o l a r s , x 20. 

b a s a l t of c o a r s e - g r a i n e d 
clinopyroxene groundmass 
Sample no. 143879, 
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Judged from p e t r o g r a p h i c evidence, excluding F e - T i 
oxides, p i c o t i t e was the e a r l i e s t phase to c r y s t a l l i s e . 
I t was then followed by o l i v i n e , a u g i t e and p l a g i o c l a s e . 
The order of c r y s t a l l i z a t i o n of the F e - T i oxides, 
e s p e c i a l l y those forming microphenocrysts, i s d i f f i c u l t 
t o d e l i n e a t e because t h e r e i s no evidence t o p l a c e them 
e i t h e r b e f o r e or a f t e r o l i v i n e . The i n c l u s i o n s of F e - T i 
oxides, which have euhedral or subhedral o u t l i n e s , i n 
the a u g i t e and p l a g i o c l a s e microphenocrysts and pheno-
c r y s t s l e a d t o the c o n c l u s i o n t h a t t h e y formed b e f o r e 
the a u g i t e and p l a g i o c l a s e . The F e - T i oxides o c c u r r i n g 
as i n t e r s t i t i a l m i n e r a l s , as w e l l as the i n t e r s t i t i a l 
g l a s s , were l a s t t o form from the magma. 

3.3. Comparisons 

Comparisons between the t h o l e i i t e s i n t h i s study 

and the t h o l e i i t e s d e s c r i b e d by Fawcett e t a l . (1973), 

i n the l i g h t of the p e t r o g r a p h i c evidence, have been made. 

I t appears t h a t both s e t s of o b s e r v a t i o n s a r e b r o a d l y 

comparable. The b a s a l t s c o n s i s t c h i e f l y of p l a g i o c l a s e , 

clinopyroxene and F e - T i oxide phases w i t h s p o r a d i c o l i v i n e 

and p i g e o n i t e . Most of them a r e a p h y r i c l a v a s ; sometimes, 

p l a g i o c l a s e and clinopyroxene occur as phenocrysts and/or 

microphenocrysts. 

However, s i g n i f i c a n t d i f f e r e n c e s between the two 



s t u d i e s e x i s t . F i r s t l y , a c o n s i d e r a b l e amount of o l i v i n e 

microphenocrysts has been observed i n many of the t h i n 

s e c t i o n s s t u d i e d here; a l s o , t i n y g r a i n s of p i c o t i t e 

have "been observed i n some o l i v i n e g r a i n s i n t h i s study. 

Such o b s e r v a t i o n s have not been reported by Fawcett e t a l . 

(1973). Secondly, the F e - T i oxide phases d e s c r i b e d i n 

t h i s t h e s i s can be d i v i d e d i n t o two s t a g e s of occurrence: 

the e a r l i e r and l a t e s t a g e s . I n the case of the e a r l i e r 

stage, a Ti-magnetite s o l i d s o l u t i o n occurs as micro-

phenocrysts whereas i n t h a t of the l a t e stage, a T i -

magnetite s o l i d s o l u t i o n forms ragged, l a r g e g r a i n s 

f i l l i n g i n t e r s t i c e s . These i n t e r p r e t a t i o n s a r e not 

concordant w i t h those of Fawcett e t a l . who d e p i c t e d the 

subhedral c r y s t a l s of F e - T i oxides as a groundmass phase. 

F i n a l l y , one of the amygdale mi n e r a l s i n t h i s study was 

i d e n t i f i e d by X-ray d i f f r a c t i o n as a p o p h y l l i t e . 



CHAPTER 4 

MINERALOGY 

4.1. Methods 

A number of elements i n f e l d s p a r s ( S i , T i , A l , Fe, 

Mn, Mg, Ca, Na, Cr and K) , pyroxencjs ( S i , T i , A l , Cr, Fe, 

Mn, Mg, Ca and Na), F e - T i m i n e r a l s ( S i , T i , A l , Cr, Fe, 

Mn, Mg and Ca), and o l i v i n e s ( S i , T i , A l , Cr, Fe, Mn, 

Mg, Ca and Ni) were determined by u s i n g an e l e c t r o n micro-

probe a n a l y s e r (Cambridge S c i e n t i f i c Instrument Company 

"Geoscan - M k . I I " ) . Samples were prepared as p o l i s h e d 

t h i n s e c t i o n s and were coated a t the same time as the 

standards. Standards used were j a d e i t e for Na and A l , 

w o l l a s t o n i t e f o r Ca and S i , a l k a l i f e l d s p a r for K, TiC> 2 

f o r T i , C r 2 ° 3 ^ o r C r ' M 9 ° ^ o r M 9 ' M n 0 ^ o r M n'' N ^ m e t a ^ 

for Ni,. and Fe metal for Fe. 

A l l a n a l y s e s were performed w i t h a wavelength-

d i s p e r s i v e system, under high-vacuum c o n d i t i o n s , a t an 

a c c e l e r a t i n g v o l t a g e of 15 Kv and a probe c u r r e n t of 

0.04 J4.A on a Faraday cage. The e l e c t r o n beam was focussed 

to a spot of 2-5 jj.m i n diameter, and W K r r a d i a t i o n was 

used i n a n a l y s i n g a l l elements. A n a l y s i n g c r y s t a l s and 

p r o p o r t i o n a l counter v o l t a g e s used for a n a l y s i n g v a r i o u s 

elements were: KAP (1710 V) f o r S i , A l , Mg and Na; L i F 

(1570 V) for Fe, Mn, Cr, T i , Ca and Ni; and PET (1640 V) 

for K. Four 10-second count accumulations were made for 



the peak and background of each element. 

The g e n e r a l method o u t l i n e d by Sweatman and Long 

(1969) was followed i n data p r o c e s s i n g with the a i d of 

an o n - l i n e V a r i a n , 620/L-lOO computer. The programme 

"Tim~3" ( w r i t t e n by Dr. A. P e c k e t t ) performs the c o r r e c t 

i o n s for atomic number ( e l e c t r o n b a c k - s c a t t e r i n g and 

e l e c t r o n r e t a r d a t i o n ) , mass a b s o r p t i o n and f l u o r e s c e n c e 

e f f e c t s , on peak and background data of standards and 

samples. 

A l l the m i n e r a l a n a l y s e s made i n t h i s study a r e 

l i s t e d i n Appendix. 

4.2. P l a g i o c l a s e 

P l a g i o c l a s e i s a predominant c o n s t i t u e n t of the E a s t 

Greenland t h o l e i i t i c b a s a l t s , o c c u r r i n g both as pheno-

c r y s t s and microphenocrysts and as a groundmass phase. Th 

p l a g i o c l a s e phenocrysts and microphenocrysts o f t e n show 

complex zonation and occur e i t h e r as d i s c r e t e c r y s t a l s or 

i n s t e l l a t e , g l o m e r o p o r p h y r i t i c aggregates. I n g e n e r a l , 

they have euhedral-subhedral o u t l i n e s ; sometimes, anhedra 

o u t l i n e s and s i e v e t e x t u r e are observed. The groundmass 

p l a g i o c l a s e s u s u a l l y form s m a l l , lath-shaped c r y s t a l s . 

P l a g i o c l a s e a n a l y s e s were c a r r i e d out on 17 r o c k s 

(which have d i f f e r e n t i a t i o n - i n d e x v a l u e s ranging from 

17.01 t o 27.07). E i g h t y - f i v e random p o i n t a n a l y s e s on 

p l a g i o c l a s e c r y s t a l s (phenocrysts, microphenocrysts and 
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groundmass) and 14 s y s t e m a t i c p o i n t a n a l y s e s on one b i g -
p l a g i o c l a s e c r y s t a l (5 x 18 mm) i n sample number 143878 
were made. The a n a l y s e s of a l l the p l a g i o c l a s e s a r e t a b 
u l a t e d i n Table A-4 and Table A-5 (Appendix). 

The v a r i a t i o n s i n terms of a l b i t e , a n o r t h i t e and 

o r t h o c l a s e components (molecular r a t i o s ) are shown i n 

F i g . 4-1. The analysed p l a g i o c l a s e s d e f i n e a d i s t i n c t , 

l i n e a r trend from A r ^ Q r ^ to A n ^ ^ A b ^ Q r ^ . 

I n g e n e r a l , these r e s u l t s are comparable to those g i v e n 

by Fawcett e t a l . (1973) except for K^O co n t e n t s . The 

upper and lower l i m i t s of K^O from the work of Fawcett 

e t a l . a r e lower than those i n t h i s study. 

One b i g - p l a g i o c l a s e c r y s t a l (5 x 18 mm) was system

a t i c a l l y analysed, based on d i s t a n c e i n t e r v a l s of 0.2-0.4mm, 

from core t o margin i n the d i r e c t i o n n e a r l y p e r p e n d i c u l a r 

t o i t s l e n g t h . The a n a l y s e s are l i s t e d i n Table A-5 

(Appendix), and the p a t t e r n of o s c i l l a t o r y zoning i s 

presented on an a n o r t h i t e content - d i s t a n c e diagram 

( F i g . 4 - 2 ) . S i n c e t h e r e i s l i t t l e agreement among p e n o 

l o g i s t s as to the causes of o s c i l l a t o r y zoning and i n s u f - -

f i c i e n t data i n t h i s study t o add t o the s o l u t i o n , no 

c o n c l u s i o n s as t o the cause of the p a t t e r n a r e drawn. 

Fawcett e t a l . (1973) considered the p r o c e s s of d i f f u s i o n -

c o n t r o l l e d growth d e s c r i b e d by B o t t i n g a e t a l . (1966) as 

the p o s s i b l e cause f o r o s c i l l a t o r y - z o n e d p l a g i o c l a s e s i n 
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r e l a t e d b a s a l t s of t h i s r e g i o n . 

4.3. Pyroxenes 

The m a j o r i t y of the pyroxenes found i n the E a s t 

Greenland t h o l e i i t e s are a u g i t e s ; u n i a x i a l p i g e o n i t e i s 

a l s o observed m i c r o s c o p i c a l l y , i n s m a l l amounts. The 

a u g i t e o c c u r r i n g as a groundmass phase can be d i v i d e d , 

on the b a s i s of t h e i r r e l a t i o n s h i p s to groundmass p l a g i o 

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

a u g i t e . I n g e n e r a l , the i n t e r g r a n u l a r a u g i t e i s a t y p i c a l 

c h a r a c t e r i s t i c of the f i n e - g r a i n e d and medium-grained 

b a s a l t s whereas the s u b o p h i t i c a u g i t e c h a r a c t e r i s e s the 

c o a r s e - g r a i n e d b a s a l t s . Augite i s a l s o found as pheno-

c r y s t s and microphenocrysts but t h e i r p r o p o r t i o n s a r e 

subordinate t o p l a g i o c l a s e and o l i v i n e phenocrysts and/or 

microphenocrysts. The a u g i t e phenocrysts and micropheno

c r y s t s o f t e n show euhedral t o subhedral o u t l i n e s ; o s c i l l 

a t o r y zoning and h o u r g l a s s t e x t u r e i s seen i n some 

specimens. 

S i x t y - s e v e n p o i n t a n a l y s e s on pyroxene c r y s t a l s , 

o c c u r r i n g e i t h e r as phenocrysts and microphenocrysts or 

as a groundmass c o n s t i t u e n t i n 16 rocks ( d i f f e r e n t i a t i o n -

index v a l u e s ranging from 17.01 t o 27.07), were made. The 

a n a l y t i c a l data a r e g i v e n i n Table A-6 (Appendix). 

A l l the a n a l y s e s a r e p l o t t e d , on the b a s i s of 

molecular percent, on the q u a d r i l a t e r a l CaMgSi 0 -



C a F e S i 2 0 6 - M g 2 S i 2 0 6 - F e 2 S i 2 0 6 ( F i g . 4 - 3 ) . I t appears 

t h a t n e a r l y a l l the a n a l y s e s f a l l w i t h i n the a u g i t e f i e l d . 

Most of the a n a l y s e s f o l l o w the e q u i l i b r i u m f r a c t i o n a t i o n 

trend of the Skaergaard pyroxenes (Brown, 1967); a t r a c e 

of the metastable (supercooled) trend (Brown, 1967) i s a l s o 

observed. No p i g e o n i t e was d e t e c t a b l e during a n a l y s i s . 

However, Fawcett e t a l . (1973) have analysed about 550 

pyroxenes i n the E a s t Greenland t h o l e i i t e s and det e c t e d 

p i g e o n i t e , and more pronounced metastable trends t o sub-

c a l c i c a u g i t e . The d i f f e r e n c e s between the two s e t s of 

s t u d i e s a r e a t t r i b u t e d t o the shortage of data i n the 

m i n e r a l o g i c a l p a r t of t h i s study. 

4.4. O l i v i n e 

O l i v i n e occurs e i t h e r as microphenocrysts and pheno-

c r y s t s or as a groundmass phase. Although the groundmass 

o l i v i n e i s p r e s e n t i n s m a l l p r o p o r t i o n s , the o l i v i n e 

phenocrysts and microphenocrysts appear to occur i n 

c o n s i d e r a b l e amounts ( > 5 % by volume) i n some samples. 

Normally, the o l i v i n e phenocrysts and microphenocrysts 

have anhedral t o subhedral o u t l i n e s except for the o l i v i n e 

microphenocrysts i n p i l l o w l a v a s which are euhedral t o 

anhedral. Sometimes, they form g l o m e r o p o r p h y r i t i c 

aggregates along w i t h p l a g i o c l a s e phenocrysts and/or 

microphenocrysts. The o l i v i n e o c c u r r i n g as a groundmass 

phase i s g e n e r a l l y anhedral and i s l e s s abundant i n the 
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f i n e - g r a i n e d t h o l e i i t e s than i n the medium-grained and 
c o a r s e - g r a i n e d t h o l e i i t e s . 

S i n c e the s t u d i e d t h o l e i i t e s have been s u b j e c t e d to 

secondary a l t e r a t i o n p r o c e s s e s , i t was v e r y d i f f i c u l t t o 

f i n d f r e s h o l i v i n e c r y s t a l s for a n a l y s i s . However, two 

of the s e l e c t e d specimens c o n t a i n u n a l t e r e d o l i v i n e 

c r y s t a l s ; thus 2 a n a l y s e s of the groundmass o l i v i n e s 

(sample no. 143831) and 6 a n a l y s e s of o l i v i n e micro

phenocrysts (sample no. 143902) were c a r r i e d out. I t 

appears t h a t the groundmass o l i v i n e s a r e h y a l o s i d e r i t e s 

(Fo c /, c to Fo-,, c ) whereas the o l i v i n e microphenocrysts 
DO.D DO.O 

are c h r y s o l i t e s ( F o
7 4 4

 t o F o 7 g 4 ) • T n e a n a l y t i c a l data 

(Table A-7; Appendix) have been p l o t t e d on F i g . 4-3 i n 

terms of t h e i r Fo and Fa c ontents; the t i e - l i n e s between 

the c o e x i s t i n g p a i r s of groundmass o l i v i n e s and c l i n o 

pyroxene s i n sample number 143831 a r e a l s o shown. 

4.5. I r o n - t i t a n i u m o x i d e s 

C o e x i s t i n g i r o n - t i t a n i u m oxide phases ( t i t a n i f e r o u s 

magnetite and i l m e n i t e ) have been observed throughout the 

t h o l e i i t i c s u i t e from E a s t Greenland except for the p i l l o w 

l a v a s . The t i t a n i f e r o u s magnetite i s p r e s e n t as e i t h e r a 

microphenocryst phase or a groundmass phase. The t i t a n i 

f erous magnetites o c c u r r i n g as microphenocrysts u s u a l l y 

have euhedral to subhedral shapes whereas the groundmass 

phase e x h i b i t s ragged o u t l i n e s . These f e a t u r e s , again. 
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can be used as p e t r o g r a p h i c c r i t e r i a f o r d i f f e r e n t i a t i n g 
between the f i n e - g r a i n e d t h o l e i i t e s and the medium-grained 
and c o a r s e - g r a i n e d t h o l e i i t e s . T i t a n i f e r o u s magnetite 
microphenocrysts a r e much more common i n the f i n e - g r a i n e d 
t h o l e i i t e s whereas i n t e r s t i t i a l t i t a n i f e r o u s magnetites 
a r e abundant i n the medium-grained and co a r s e - g r a i n e d 
t h o l e i i t e s . The i l m e n i t e s u s u a l l y form needle- or b l a d e -
shaped c r y s t a l s . 

I n many of the d e s c r i b e d t h o l e i i t e s , the s p i n e l phase 

( t i t a n i f e r o u s magnetite) has been subsequently o x i d i s e d , 

r e s u l t i n g i n a v a r i e t y of s u b s o l i d u s e x s o l u t i o n t e x t u r e s 

( c f . Buddington and L i n d s l e y , 1964). Only i n s i x samples 

a r e the s p i n e l phases r a t h e r homogeneous and 12 a n a l y s e s 

were made; the r e s u l t s a r e gi v e n i n Table A-8 (Appendix). 

I n s p i t e of being s u b j e c t e d t o a l t e r a t i o n p r o c e s s e s , 

the needle- or blade-shaped i l m e n i t e c r y s t a l s do not show 

e x s o l u t i o n t e x t u r e s or other h e t e r o g e n e i t y . N e v e r t h e l e s s , 

due t o t h e i r s m a l l s i z e s i t was i m p o s s i b l e t o a n a l y s e the 

i l m e n i t e s i n some specimens. Thus o n l y 18 i l m e n i t e c r y s t a l s 

from nine specimens were analysed; the a n a l y t i c a l r e s u l t s 

a r e l i s t e d i n Table A-9 (Appendix). No a n a l y s e s have been 

made on the i l m e n i t e s which are the products of subsequent 

o x i d a t i o n . 

The a n a l y s e s of both t i t a n i f e r o u s magnetites and 

i l m e n i t e s i n four specimens (sample nos. 143806, 143814, 

143830 and 144008), where f r e s h c o e x i s t i n g p a i r s a r e 
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a v a i l a b l e , have been r e c a l c u l a t e d t o check t h e i r q u a l i t y 

( c f . Carmichael, 1967a). The r e c a l c u l a t e d r e s u l t s , 

i n c l u d i n g t h e i r compositions i n terms of the molecular 

p e r c e n t of u l v o s p i n e l i n the t i t a n i f e r o u s magnetite and 

of R̂ O., i n the i l m e n i t e (Carmichael, 1967a) , a r e g i v e n 2 3 

i n T a b l e s 4-1 and 4-2. I t appears t h a t the t o t a l s of 

the r e c a l c u l a t e d i l m e n i t e a n a l y s e s (Table 4-2) a r e s a t i s 

f a c t o r y and t h a t the t o t a l s of the s p i n e l phases (Table 

4-1) a r e s a t i s f a c t o r y o n l y on the u l v f l s p i n e l b a s i s but 

not on the i l m e n i t e b a s i s . However, temperatures and 

oxygen f u g a c i t i e s were estimated from the curves of 

Buddington and L i n d s l e y (1964). The temperatures and 

oxygen f u g a c i t i e s , together w i t h the d i f f e r e n t i a t i o n -

index v a l u e s of the host r o c k s a r e a l s o g i v e n i n Table 4-2. 

F i g . 4-4 shows the p l o t s of a l l analysed F e - T i m i n e r a l s 

i n terms of the molecular p e r c e n t of the u l v f l s p i n e l and 

R2°3' t ^ e ~ ^ - ^ n e s d e l i m i t i n g the range of compositions i n 

each specimen which c o n t a i n s f r e s h p a i r s of t i t a n i f e r o u s 

magnetites and i l m e n i t e s , a r e a l s o shown. 

The temperatures and oxygen f u g a c i t i e s i n d i c a t e d by 

the oxide e q u i l i b r i u m data are p l o t t e d i n F i g . 4-5. A l l 

the p o i n t s appear to l i e between the curves r e p r e s e n t i n g 

q u a r t z - f a y a l i t e - m a g n e t i t e and wiSstite-magnetite b u f f e r s 

a t one atmosphere t o t a l p r e s s u r e (Eugster and Wones, 1962). 

Although t h e s e s p i n e l - i l m e n i t e phase e q u i l i b r i a data were 
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Table 4-1 A n a l y s e s of t i t a n i f e r o u s magnetites i n those 
analysed t h o l e i i t e s c o n t a i n i n g f r e s h p a i r s of t i t a n i f e r o u s 
magnetites and i l m e n i t e s 

Wt.% 143806a 143806b 143814a 143814b 143814c 
s i o 2 0.20 0.37 0.22 0.15 0.67 
T i 0 2 22.79 24.41 24.88 25.31 25.34 

A l 2 ° 3 2 .43 1.83 1.55 1.76 1.50 
Cr o 2 3 0.51 0.04 0.06 0.05 0.06 
FeO 69.50 69.15 69.55 68.83 69.10 
MnO 0.38 0.41 0.86 0.49 0.54 
MgO 1.04 1.28 0.31 0.61 0.45 
CaO 0.01 0.06 0.10 0.10 0.22 

T o t a l 96.86 97.55 97.53 97.30 97.88 

R e c a l c u l a t e d a n a l y s e s 

F e 2 0 3 56.70 55.04 53.86 52.90 52.39 
I l m e n i t e b a s i s 

r e 2 ° 3 ; 

FeO 18.48 19.62 21.08 21.23 21.96 

R e c a l c u l a t e d ,„„ _ ,„_ „_ _ , _„ , „ _̂ ^ . 102.54 103.06 102.92 102.60 103.13 t o t a l 

F e 2 0 3 20.99 19.13 18.31 17.34 16.63 
U l v f l s p i n e l b a s i s 
F e 2 0 3 20 
FeO 50.61 51.94 53.07 53.23 54.14 

R e c a l c u l a t e d n r „_ n „ „^ ^ _ . . , 98.96 99.47 99.36 99.04 99.55 t o t a l 

Molecular p e r c e n t 
UlvcJspinel 64.54 69.33 70.75 71.68 73.36 



T a b l e 4-1 (continued) 

Wt.% 143830a 143830b 144008a 144008b 
S i 0 2 0.46 0.37 0.47 0.58 
T i 0 2 26.51 27.20 24.50 25.69 
A 1 2 0 3 2.14 2.02 1.96 1.41 
C r 2 0 3 ' 0.16 0.13 0.26 0.19 
FeO 65.79 67.00 68.30 67.34 
MnO 1.16 0.96 0.69 1.08 
MgO 1.32 1.37 1.96 1.51 
CaO 0.16 0.20 0.13 0.17 

T o t a l 97.70 99.25 98.27 97.97 

R e c a l c u l a t e d a n a l y s e s 
I l m e n i t e b a s i s 
F e 2 0 3 50.16 50.86 55.64 52.84 
FeO 20.66 21.23 18.24 19.79 

R e c a l c u l a t e d !; 1 0 2 . 7 3 t o t a l 104.34 103.85 103.26 

U l v d s p i n e l b a s i s 
F e 2 0 3 14.20 14.36 19.23 16.79 
FeO 53.01 54.08 51.00 52 .23 

R e c a l c u l a t e d _ _ 
t o t a l 100.69 100.20 99.65 

•Molecular p e r c e n t • 

U l v f l s p i n e l 75.38 75.84 68.99 73 .37 

•Based on the c a l c u l a t i o n method of Carmichael (1967a) 
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Table 4-2 A n a l y s e s of i l m e n i t e s i n those analysed t h o l e i i t e s 
c o n t a i n i n g f r e s h p a i r s of t i t a n i f e r o u s magnetites and i l m e n i t e s , 
i n c l u d i n g the estimated temperatures and oxygen f u g a c i t i e s , and 
the d i f f e r e n t i a t i o n - i n d e x v a l u e s of the host r o c k s . 

wt.% 143806a 143806b 143814a 143814b 
s i o 2 0.33 0.50 0.31 0.69 
T i 0 2 50.16 49.85 50.10 50.15 

A 1 2 ° 3 0.22 0.25 0.12 0.17 
Cr 0 2 3 - - - 0.01 
FeO 46.63 47.14 47.58 46.40 
MnO 0.44 0.42 0.69 0.45 
MgO 1.40 0.63 0.59 0.56 
CaO 0.08 0.22 0.24 0.23 

T o t a l 99.26 99.01 99.63 98.66 

F e 2 ° 3 
FeO 

4.64 
42.45 

R e c a l c u l a t e d a n a l y s e s 
3.93 4.69 2.48 

43.60 43.35 44.17 

R e c a l c u l a t e d 
t o t a l 99.72 99.40 100.09 98.91 

Molecular p e r c e n t 
R2°3 

Temp. ( C) 

f 0 2 (bars) 

D i f f e r e n t i a 
t i o n index 

4.70 

950 

l o " 1 2 

4.00 

940 

10 -.12.5 

— — v — 
27.07 

4.62 

950 

l o " 1 2 - 4 

2.62 

880 

l o " 1 4 - 1 

— — V 
26.24 



Table 4-2 (continued) 

wt.% 143830a 143 830b 144008a 144008b 
s i o 2 0.64 0.23 0.60 0.36 
T i 0 2 49.16 49.98 49.78 50.30 
A 1 2 0 3 0.39 0.03 0.29 0.35 
Cr„0„ 2 3 0.11 0.08 0.12 0.09 
FeO 47.12 47.51 45.44 44.70 
MnO 0.64 0.68 0.50 0.63 
MgO 0.51 - 2.11 2.02 . 
CaO 0.34 0.24 0.20 0.33 

T o t a l 98.91 98.75 99.04 98.78 

Fe O 2 3 
FeO 

4.60 
42.98 

R e c a l c u l a t e d a n a l y s e s 
3.65 4.97 4.11 

44.22 40.96 41.00 

R e c a l c u l a t e d 
t o t a l 99.37 99.11 99.53 99.19 

•Molecular p e r c e n t 

R2°3 
**Temp (°C) 
* * f 0 2 (bar) 

D i f f e r e n t i a 
t i o n index 

5.06 

1050 
1 0 - 1 0 . 7 5 

3.62 

1090 
l o " 1 0 

19.47 

5.20 

975 
i o - l x - 7 5 

4.48 

1010 
I D " 1 1 ' 5 

23.22 

•Based on the c a l c u l a t i o n method of Carmichael (1967a) 

**Based on the F e - T i oxide e q u i l i b r a t i o n curves of 
Buddington and L i n d s l e y (1964). 
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obtained from o n l y four specimens, the g e n e r a l c o n c l u s i o n 

can be drawn t h a t t h e r e i s a smooth, p r o g r e s s i v e d e c r e a s e 

i n oxygen f u g a c i t y and temperature w i t h d i f f e r e n t i a t i o n 

index (see c a p t i o n t o F i g . 4-5) and t h a t the oxygen 

f u g a c i t i e s a r e s l i g h t l y lower than those of the t h o l e i i t i c 

s u i t e of Thingmuli (Carmichael, 1967b). 



CHAPTER 5 

SUMMARY 

5.1. F i e l d r e l a t i o n s 

The 2,660m-thick b a s a l t p i l e i n the r e s e a r c h r e g i o n 

r e p r e s e n t s one of the higher p a r t s of the whole b a s a l t 

sequence i n E a s t Greenland. I t r e s t s on Lower Cretaceous 

sediments and i s o v e r l a i n by sediments of the Kap Dalton 

Formation. The g r e a t m a j o r i t y of b a s a l t s appear t o have 

been extruded under s u b a e r i a l c o n d i t i o n s . The evidence 

of subaqueous e r u p t i o n s a r e o c c a s i o n a l l y observed. The 

northwestern p a r t of the r e s e a r c h r e g i o n c o n s i s t s of 

f l a t - l y i n g flows whereas i n the southern and s o u t h e a s t e r n 

p a r t s , flows a r e d i s t u r b e d by a system of normal f a u l t s 

s t r i k i n g approximately WSW-ENE and downthrowing t o the 

south. The flows i n the f a u l t e d a r e a s dip s o u t h e r l y or 

s o u t h e a s t e r l y a t angles of up t o 20°. No dykes or 

i n t r u s i o n s have been recorded. The l a v a s have been c a t e 

g o r i s e d i n t o f i v e main groups: p i l l o w l a v a s ; b i g - f e l d s p a r 

b a s a l t s ; c o a r s e - g r a i n e d , n o n - p o r p h y r i t i c b a s a l t s ; medium-

to f i n e - g r a i n e d , p o r p h y r i t i c b a s a l t s ; medium- t o f i n e 

grained, s p a r s e l y p o r p h y r i t i c and n o n - p o r p h y r i t i c b a s a l t s . 

The l a v a s were grouped by Dr. C.H. Emeleus, based on 

g e o l o g i c a l and geo g r a p h i c a l boundaries, i n t o a number of 

s e l f - c o n t a i n e d a r e a s and then the c o r r e l a t i o n between 

s u c c e s s i o n s of the s e l f - c o n t a i n e d a r e a s were made by 



l i n k i n g r e c o g n i z a b l e h o r i z o n s and l a r g e - s c a l e f e a t u r e s . 

That c o r r e l a t i o n i s supported by the geochemical evidence 

provided by t h i s study. 

5.2. Chemical, p e t r o g r a p h i c a l and m i n e r a l o q i c a l r e l a t i o n s 

Chemically, a l l the a n a l y s e d l a v a s can be c l a s s i f i e d 

as t h o l e i i t e s according t o the c l a s s i f i c a t i o n schemes of 

Yoder and T i l l e y (1962) and of Macdonald and K a t s u r a (1964) 

i n terms of g e o t e c t o n i c p o s i t i o n , they a r e o c e a n i c i s l a n d 

b a s a l t s (Pearce and Cann, 1973; Pearce e t a l . , 1975). The 

g e n e r a l geochemical f e a t u r e s a r e enrichment i n TiC^* FeO, 

Fe 2C< 3, Zn and Cu but d e p l e t i o n i n K 20, Ba, Sr and Rb 

r e l a t i v e t o those of world-wide d i s t r i b u t i o n (Manson, 1967; 

P r i n z , 1967). However, the co m p o s i t i o n a l ranges a r e r a t h e r 

narrow and consequently, p o o r l y defined t r e n d s a r e obtained 

as shown i n many of the diagrams i n Chapter 2. 

For comparative purposes, the data on the T e r t i a r y 

t h o l e i i t e s from mid-west I c e l a n d (Johannesson, 1975), 

which are b e l i e v e d t o have the same o r i g i n (primary hot 

mantle plume) as those of E a s t Greenland (Brooks, 1973b; 

S c h i l l i n g and Noe-Nygaard, 1974) a r e a l s o p l o t t e d along 

w i t h the E a s t Greenland d a t a . The r e s u l t s of p l o t t i n g both 

s e t s of data r e v e a l much more pronounced t r e n d s which 

c o n s i s t of two d i f f e r e n t s l o p e s and the t r e n d s appear to 

d i v e r g e a t a d i f f e r e n t i a t i o n - i n d e x v a l u e of 21 ( F i g s . 2-1, 

2 - 5 ) . These f e a t u r e s imply two d i f f e r e n t episodes of 
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f r a c t i o n a t i o n . From the FeO + MgO a g a i n s t FeO/MgO diagram, 
which i s used by Macdonald and K a t s u r a (1964) t o show 
f r a c t i o n a t i o n p a t t e r n s of the Hawaiian t h o l e i i t i c s e r i e s , 
i t i s c l e a r t h a t the s t u d i e d t h o l e i i t e s approximately 
occupy the p o s i t i o n where the change i n the Hawaiian 
t h o l e i i t i c t r e n d s occur. Thus, the i l l - d e f i n e d t r e n d s 
for the E a s t Greenland t h o l e i i t e s a r e a t t r i b u t e d t o the 
two s t a g e s of m i n e r a l s e p a r a t i o n from the s u c c e s s i v e l i q u i d s 
as w e l l as t o the l i m i t e d c o m p o s i t i o n a l ranges. According t o 
low-pressure c r y s t a l l i s a t i o n ( petrographic c r i t e r i a ) , the 
deduction can be made from v a r i o u s diagrams, although they 
a r e not i n agreement i n e v e r y d e t a i l , t h a t the t r e n d i s 
c o n t r o l l e d l a r g e l y by o l i v i n e f r a c t i o n a t i o n i n the i n i t i a l 
s t a ge and subsequently by p l a g i o c l a s e f r a c t i o n a t i o n . 

Comparison between b i v a r i a t e a n a l y s i s and m u l t i v a r i a t e 

a n a l y s i s was performed. I t appears t h a t e i t h e r b i v a r i a t e 

p l o t s or m u l t i v a r i a t e p l o t s may g i v e s i m i l a r r e s u l t s , e.g. 

MgO d e c r e a s e s whereas Na^O i n c r e a s e s w i t h d i f f e r e n t i a t i o n 

index. However, the m u l t i v a r i a t e a n a l y s i s shows the 

sympathetic behaviour between Na 0 and A l 0 , and a d i s -

t i n c t i v e t r e n d can be obtained by p l o t t i n g f a c t o r s c o r e s 

for each sample of F a c t o r 6 (MgO, p o s i t i v e p ole; Na^O and 

A^O^, negat i v e p o l e ) a g a i n s t t h e i r r e l e v a n t d i f f e r e n t i a t i o n -

index v a l u e s ( F i g . 2-10). Furthermore, the t r e n d obtained 

by p l o t t i n g the average f a c t o r score, on the b a s i s of d i f f -
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e r e n t i a t i o n - i n d e x groupings, against; t h e average d i f f e r e n t 
i a t i o n - i n d e x , supports ;the two episodes of f r a c t i o n a t i o n . 
The divergence of t r e n d seems t o occur a t around f a c t o r -
s c o r e and d i f f e r e n t i a t i o n - i n d e x v a l u e s of 0.00 and 21, 
r e s p e c t i v e l y . Although the p l o t s of the f a c t o r s c o r e s f o r 
other f a c t o r s a g a i n s t those f o r F a c t o r 6 a r e s c a t t e r e d 
( F i g s . 2-11, 2-12, 2-13, 2-14, 2-15, 2-16), the two d i f f e r e n t 
p a t t e r n s can a l s o be seen i f the s c o r e s a r e grouped on the 
same b a s i s as mentioned above.. Thus, i n the case o f such a 
narrow c o m p o s i t i o n a l range, R-mode f a c t o r a n a l y s i s i s much 
more s u i t a b l e f o r showing chemical r e l a t i o n s h i p s than b i -
v a r i a t e a n a l y s i s . 

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

mainly of p l a g i o c l a s e (average l a b r a d o r i t e ) , a u g i t e and 

F e - T i oxide m i n e r a l s w i t h s m a l l amounts of o l i v i n e , p i g e o n i t e 

and i n t e r s t i t i a l g l a s s except f o r p i l l o w l a v a s where the 

groundmass i s e n t i r e l y g l a s s . These t h o l e i i t e s can be 

di v i d e d , i n terms of an average groundmass g r a i n s i z e and 

of f i e l d evidence, i n t o four main groups ( p i l l o w l a v a s , 

f i n e - , medium- and co a r s e - g r a i n e d b a s a l t s ) and then sub

d i v i d e d according t o the amounts and s i z e s of phenocrysts 

and/or microphenocrysts. 

The p i l l o w l a v a s a r e composed c h i e f l y of d e v i t r i f i e d 

g l a s s and have a v i t r o p h y r i c t e x t u r e . The p r i n c i p a l micro-

phenocryst assemblages a r e p l a g i o c l a s e and p l a g i o c l a s e + 
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o l i v i n e . Some o l i v i n e microphenocrysts c o n t a i n t i n y 

p i c o t i t e g r a i n s . 

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

t e x t u r e . The groundmass phase i s predominantly p l a g i o -

c l a s e and i n t e r g r a n u l a r , w i t h o c c a s i o n a l s u b o p h i t i c , c l i n o -

pyroxenes. O l i v i n e , i n t e r s t i t i a l F e - T i oxide m i n e r a l s and 

g l a s s a r e much l e s s common. The c h a r a c t e r i s t i c micropheno-

c r y s t assemblages a r e F e - T i oxides and F e - T i oxides + 

p l a g i o c l a s e . 

The medium-grained b a s a l t s occur as e i t h e r p h y r i c or 

a p h y r i c t y p e s . The groundmass c o n s i s t s mainly o f p l a g i o 

c l a s e , i n t e r g r a n u l a r c l i n o p y r o x e n e s w i t h o c c a s i o n a l sub

o p h i t i c c l i nopyroxenes, and i n t e r s t i t i a l F e - T i oxide 

m i n e r a l s . O l i v i n e and i n t e r s t i t i a l g l a s s a r e much more 

common than i n the f i n e - g r a i n e d b a s a l t s . I n a few specimens, 

s u b o p h i t i c c l i n o p y r o x e n e s predominate over i n t e r g r a n u l a r 

c l i n o p y r o x e n e s . The s i g n i f i c a n t phenocryst and/or micro-

phenocryst assemblages a r e p l a g i o c l a s e , p l a g i o c l a s e + 

o l i v i n e and p l a g i o c l a s e + clinopyroxene + o l i v i n e . Some 

p l a g i o c l a s e phenocrysts have s i z e s up t o 2cm i n l e n g t h . 

The c o a r s e - g r a i n e d b a s a l t s have s i m i l a r f e a t u r e s t o 

the medium-grained b a s a l t s , e x c l u d i n g the average ground-

mass gr a i n s i z e , texture of the clinopyroxene groundmass 

and nature of the phenocryst assemblage. Most of the c l i n o 

pyroxene groundmass i s s u b o p h i t i c t o p l a g i o c l a s e ; i n t e r -
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g r a n u l a r c l i n o p y r o x e n e s a r e abundant i n a few samples. 

P l a g i o c l a s e i s the o n l y p r i n c i p a l phenocryst assemblage 

i n t h e s e r o c k s . I t i s l i k e l y t h a t the c o a r s e - g r a i n e d 

b a s a l t s a r e the l a t e - d i f f e r e n t i a t e r o c k s of the sampled 

s u i t e . ! 

The amygdale m i n e r a l s p r e s e n t i n the s t u d i e d t h o l e i i t e s 

a r e z e o l i t e s , a p o p h y l l i t e , c a l c i t e , cimphibole, c h l o r o p h a e i t e 

and s i l i c a m i n e r a l s . 

The c r i t e r i a f o r o x i d a t i o n and a l t e r a t i o n p r o c e s s e s 

a f f e c t i n g the d e s c r i b e d t h o l e i i t e s a r e a v a r i e t y of sub-

s o l i d u s t e x t u r e s i n the s p i n e l phase and the r e l a t i v e 

s c a r c i t y of f r e s h o l i v i n e s and g l a s s . However, the p a t t e r n 

on the K-K/Rb diagram ( F i g . 2-19) suggests t h a t t h e s e 

p r o c e s s e s have l e s s i n f l u e n c e on the geochemical p a t t e r n s 

than do the c r y s t a l f r a c t i o n a t i o n p r o c e s s e s . 

From, p e t r o g r a p h i c o b s e r v a t i o n s , the order of c r y s t a l 

l i s a t i o n s t a r t e d w i t h p i c o t i t e and was then followed by 

o l i v i n e , a u g i t e and p l a g i o c l a s e . The F e - T i oxide micro-

phenocrysts might have formed s i m u l t a n e o u s l y w i t h p i c o t i t e 

and/or o l i v i n e . The i n t e r s t i t i a l F e - T i oxides and g l a s s 

were the l a s t phases t o c r y s t a l l i s e from the magma. Such 

a p a t t e r n suggests t h a t the t h o l e i i t e s of E a s t Greenland 

c r y s t a l l i s e d under low-pressure c o n d i t i o n s (Yoder and 

T i l l e y , 1962). 

The geochemical f e a t u r e s can be r e l a t e d t o petrography 
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by p l o t t i n g the normative c o n s t i t u e n t s of the s t u d i e d 

t h o l e i i t e s on the t e r n a r y diagram ( F i g . 2-18) r e p r e s e n t i n g 

the o l i v i n e - c l i n o p y r o x e n e - p l a g i o c l a s e plane of the b a s a l t 

t e t r a h e d r o n (Yoder and T i l l e y , 1962) i n which f i e l d 

boundaries a r e taken from the work on the i r o n - f r e e system 

by Osborn and T a i t (1952). The p o s i t i o n of the p l o t t e d 

samples, l y i n g c l o s e t o the l o c u s of l i q u i d i n e q u i l i b r i u m 

w i t h o l i v i n e , p l a g i o c l a s e and s p i n e l , and predominantly i n 

the p l a g i o c l a s e f i e l d , i s i n accordance w i t h the predomin

ant, p r i n c i p a l phenocryst and/or microphenocryst assemblage 

( p l a g i o c l a s e ) and w i t h the o l i v i n e (Pcontaining p i c o t i t e ) -

p l a g i o c l a s e assemblage which predominates over the assemblage 

c o n t a i n i n g a s i g n i f i c a n t amount, of clinopyroxene. 

M i n e r a l o g i c a l l y , the compositions of f e l d s p a r v a r y 

from A n 8 3 4 A b 1 6 3 0 r 0 < 3 t o A n 2 7 < 3 * > 6 8 . 7 < * 4 . 0 . ^he upper and 

lower l i m i t s of a n o r t h i t i c contents, i n c l u d i n g K^O contents, 

for the ana l y s e d f e l d s p a r s a r e s l i g h t l y h i g h e r than those 

g i v e n by Fawcett e t a l . (1973). The g r e a t m a j o r i t y o f the 

clinopyroxenes a r e a u g i t e and th e y appear to f o l l o w the 

e q u i l i b r i u m t r e n d of the Skaergaard s u i t e ; o n l y a t r a c e of 

the metastable t r e n d has been observed„ Neither p i g e o n i t e 

nor s u b c a l c i c a u g i t e was d e t e c t a b l e during probe a n a l y s i s . 

However, Fawcett e t a l . (1973) have detected p i g e o n i t e , 

s u b c a l c i c a u g i t e and v a r i o u s pronounced metastable t r e n d s . 

E i g h t a n a l y s e s of o l i v i n e c r y s t a l s i n two samples were made. 
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The microphenocrysts seem t o have c h r y s o l i t i c compositions 

(Fo 74.4 - Fo, 76.4 ) whereas the groundmass o l i v i n e s a r e 

h y a l o s i d e r i t e s (Fo 56.5 - Fo 66.6 ) . The i r o n - t i t a n i u m oxide 

m i n e r a l s , both t i t a n i f e r o u s magnetites and i l m e n i t e s , were 

analysed and the temperatures and oxygen f u g a c i t i e s for 

the a n a l y s e d samples which c o n t a i n the two f r e s h oxide 

phases have been estimated from the oxygen f u g a c i t y -

temperature e q u i l i b r a t i o n curves of Buddington and L i n d s l e y 

(1964). The data p o i n t s l i e between the curves of the 

q u a r t z - f a y a l i t e - m a g n e t i t e and wttstite-magnetite b u f f e r s 

and t h e r e i s a smooth, p r o g r e s s i v e decrease i n oxygen 

f u g a c i t y and temperature with host-rock d i f f e r e n t i a t i o n 

index. The oxygen f u g a c i t i e s a r e o n l y s l i g h t l y lower than 

those of the Thingmuli t h o l e i i t i c s u i t e a t the same ranges 

of temperature. 

5.3. B a s a l t comparisons 

Comparisons, i n terms of geochemistry, have drawn w i t h 

c e r t a i n T e r t i a r y t h o l e i i t i c l a v a s from Skye ( I . T . Williamson, 

p e r s o n a l communication), mid-west I c e l a n d (Johannesson, 1975) 

and the A t l a n t i c ocean f l o o r (Engel e t a l . 1965). I t i s 

obvious t h a t the s t u d i e d t h o l e i i t e s a r e s i m i l a r t o the mid

west I c e l a n d i c t h o l e i i t e s i n many r e s p e c t s . The mid-west 

I c e l a n d i c t h o l e i i t e s seem to correspond t o the l a t e -

f r a c t i o n a t i o n t r e n d of the E a s t Greenland t h o l e i i t e s which 

i s l a r g e l y c o n t r o l l e d by p l a g i o c l a s e f r a c t i o n a t i o n . I t i s 
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not i m p l i e d t h a t the mid-west I c e l a n d i c t h o l e i i t e s a r e 

the d i f f e r e n t i a t e d products of the E a s t Greenland t h o l e i i t e 

magmas but t h a t the r e l a t i o n s h i p i n d i c a t e s s i m i l a r i t i e s 

i n source m a t e r i a l and f r a c t i o n a t i o n p r o c e s s e s . Johannesson 

(1975) concluded t h a t the q u a r t z t h o l e i i t e s and o l i v i n e 

t h o l e i i t e s i n mid-west I c e l a n d a r e the products of p a r t i a l 

m elting of the E a r t h ' s upper mantle a t d i f f e r e n t depths 

( r a t h e r than due t o p l a g i o c l a s e f r a c t i o n a t i o n ) because t h e r e 

i s no s i g n i f i c a n t Eu anomaly i n the I c e l a n d i c b a s a l t s 

(Shimokawa and Masuda, 1972; O'Nions and GrcJnvold, 1973) 

and samples which a r e high i n Al 2°3 a r e nigh i n MgO. 

However, the average REE p a t t e r n of the t h o l e i i t e s from 

Wiedemann F j o r d i n E a s t Greenland (Brown and Whitley, 1976) 

i s s i m i l a r t o t h a t of the T e r t i a r y I c e l a n d i c b a s a l t s . Thus, 

from the evidence presented i n t h i s study and the geochemical 

break between q u a r t z t h o l e i i t e s and b a s a l t i c i c e l a n d i t e i n 

mid-west I c e l a n d , the absence of s i g n i f i c a n t Eu anomalies 

i n both s e t s of data i s probably an i n d i c a t i o n o f the 

f r a c t i o n a t i o n p r o c e s s during r a p i d a s c e n t of magma r a t h e r 

than of p a r t i a l melting a t d i f f e r e n t depths. That i s , the 

qua r t z t h o l e i i t e s were d i f f e r e n t i a t e d from the p a r e n t a l 

o l i v i n e t h o l e i i t e s and they are the f i n a l products of h i g h -

l e v e l c r y s t a l f r a c t i o n a t i o n . 

Comparisons a r e a l s o made w i t h the t h o l e i i t e s o c c u r r i n g 

along the Reykjanes Ridge and the middle Neovolcanic zone o f 
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I c e l a n d ( S c h i l l i n g , 1973; O'Nions and Pankhurat, 1974). 

I t appears t h a t the E a s t Greenland t h o l e i i t e s as w e l l as the 

mid-west I c e l a n d i c t h o l e i i t e s have the same c h a r a c t e r i s t i c s 

as those from the middle Neovolcanic zone of I c e l a n d which 

a r e b e l i e v e d to be PHMP (primary hot mantle plume)-derived 

b a s a l t s ( S c h i l l i n g , 1973). 

The r e s u l t s of comparisons made by p l o t t i n g the t h o l e i i t i c 

l a v a s from E a s t Greenland, mid-west I c e l a n d and Skye on a 

t o t a l a l k a l i s v e r s u s s i l i c a diagram { F i g . 2-3,a) and t o t a l 

a l k a l i s v e r s u s Fe/Mg r a t i o diagram ( F i g . 2-3,b) g i v e r i s e t o 

d i s t i n c t i v e p a t t e r n s . I n F i g . 2-3,a, t he p a t t e r n conforms 

wi t h the Hebridean t h o l e i i t i c t r e n d (Holland and Brown, 1972) 

and i t extends t h a t trend t o a s i l i c a v a l u e of 46%. Never

t h e l e s s , i n F i g . 2-3,b, the tr e n d i s not conformable w i t h 

the Hebridean t h o l e i i t i c trend (Holland and Brown, 1972) 

between Fe/Mg r a t i o s of 0.65 and 0.75 although i t appears 

t o be i n harmony w i t h t h a t trend f o r higher v a l u e s o f Fe/Mg 

r a t i o . These p a t t e r n s might be c h a r a c t e r i s t i c of the 

t h o l e i i t e s i n the North A t l a n t i c T e r t i a r y Igneous P r o v i n c e . 

The p l o t s f o r the t h o l e i i t i c l a v a s from E a s t Greenland and 

mid-west I c e l a n d on a T i 0 2 - P 2 0 5 - K 2 0 diagram ( F i g . 2-20) a l s o 

g i v e a d i s t i n c t p a t t e r n . I t , again, might be one of the 

c h a r a c t e r i s t i c p a t t e r n s f o r t h i s r e g i o n . 

5.4. O r i g i n of the b a s a l t s 

I t i s w i d e l y accepted t h a t b a s a l t i c magmas a r e d e r i v e d 
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from the E a r t h ' s upper mantle ( p e r i d o t i t i c composition) by 
p a r t i a l melting p r o c e s s e s . Recent experimental work on 
e i t h e r n a t u r a l r o c k s or r e l a t e d s y n t h e t i c r o c k s a t v a r i o u s 
p r e s s u r e and temperatures (Yoder and T i l l e y , 1962; Green 
and Ringwood, 1967; Green e t a l . , 1967; Green, 1971; O'Hara, 
1965; O'Hara and Yoder, 1967; O'Hara, 1968) r e v e a l t h a t the 
products from p a r t i a l melting of the E a r t h ' s upper mantle 
(primary magma) a r e dependent on the p r e s s u r e regime a t 
the s i t e of melting and t h a t subsequent primary magma 
f r a c t i o n a t i o n can produce d i f f e r e n t types of d e r i v a t i v e 
magma under v a r i o u s l y d e c r e a s i n g p r e s s u r e regimes. Although 
t h e r e i s g e n e r a l agreement about the p a r t i a l melting phen
omenon, the arguments concerning the products of thes e 
melting p r o c e s s e s s t i l l remain, r e l a t i v e to the m a t e r i a l s 
chosen for r e p r e s e n t i n g the E a r t h ' s upper mantle i n e x p e r i 
mental s t u d i e s . One sch o o l o f thought (Green and Ringwood, 
1967; Green e t a l . , 1967; Green 1971) regards p y r o l i t e 
(1 p a r t of b a s a l t + 3 p a r t s of p e r i d o t i t e ) as the b e s t 
source m a t e r i a l whereas the other school (O'Hara, 1965, 
1968; O'Hara and Yoder, 1967) have used v a r i o u s mixes of 
n a t u r a l m i n e r a l s separated from a garnet p e r i d o t i t e and 
an e c l o g i t e as the source m a t e r i a l . However, these 
experiments can o n l y e x p l a i n d i f f e r e n t b a s a l t i c types 
i n terms of the major elements. The d i f f e r e n c e s i n minor 
elements, t r a c e elements and i s o t o p i c compositions i n 
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b a s a l t i c r o c k s of s i m i l a r major element contents a r e s t i l l 
t o be e x p l a i n e d . 

I n the case of t h o l e i i t e s o c c u r r i n g along the Reykjanes 

Ridge and i n the Neovolcanic zone of I c e l a n d , the o r i g i n o f 

r e g i o n a l and temporal v a r i a t i o n s i n c h e m i s t r y have been 

w i d e l y d i s c u s s e d i n the l i t e r a t u r e and a r e considered t o be 

r e l a t e d t o the nature of the u n d e r l y i n g mantle ( S c h i l l i n g , 

1973; O'Hara, 1973, 1975; Flower e t a l . , 1975; S i g v a l d e r s o n 

e t a l . , 1974; O'Nions e t a l . , 1976). O'Nions e t a l . (1976) 

have reviewed the v a r i o u s source modesls (homogeneous s i n g l e 

source, two-source mixing and inhomogeneous s i n g l e source) 

t o e x p l a i n the v a r i a t i o n s i n t h e i r i s o t o p i c data which 

encompass the whole a r e a of I c e l a n d and the Reykjanes Ridge. 

They draw c o n c l u s i o n s as f o l l o w s : 

1. I n the case of a homogeneous s i n g l e source model, 

n e i t h e r e x t e n s i v e c r y s t a l f r a c t i o n a t i o n (O'Hara, 1973, 1975) 

nor v a r i a b l e degrees of p a r t i a l melting w i t h d i s e q u i l i b r i u m 

of phlogopite (Flower e t a l . , 1975; S i g v a l d e r s o n e t a l . , 1974) 

can alone e x p l a i n the chemical d i f f e r e n c e s between the 

I c e l a n d i c and the A t l a n t i c - r i d g e b a s a l t s . 

2. The two-source mixing model for b a s a l t s i n the 

I c e l a n d - R e y k j a n e s Ridge system, of S c h i l l i n g (1973) i s hot 

supported by S r - i s o t o p e d a t a . 

3. The e q u i l i b r i u m p a r t i a l melting of g e o c h e m i c a l l y 

heterogeneous segments, i . e . l o c a l chemical v a r i a t i o n , 
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e i t h e r v e r t i c a l or h o r i z o n t a l , w i t h i n the Earth's upper 

mantle, seems p r e f e r a b l e t o account f o r the chemical 

d i f f e r e n c e s . Some o f these h e t e r o g e n e i t i e s have e x i s t e d 
9 

f o r a long p e r i o d o f time (~ 10 years) and may have 

r e s u l t e d from one or more f r a c t i o n a t i o n events. 

Thus the s i m i l a r i t i e s i n geochemical f e a t u r e s between 

the East Greenland t h o l e i i t e s and the mid-west I c e l a n d i c 

t h o l e i i t e s , i n c l u d i n g t h e t h o l e i i t e s o f the I c e l a n d i c middle 

Neovolcanic zone, and t h e i r close p r o x i m i t y i n r e l a t i o n t o 

s e a - f l o o r spreading i m p l y t h a t the East Greenland t h o l e i i t e s 

are d e r i v e d from t h e products o f p a r t i a l m e l t i n g o f one 

segment o f the mantle c o n t a i n i n g r e l a t i v e l y h i g h amounts 

o f i n c ompatible elements. 

The g e n e r a t i o n o f the t h o l e i i t i c magmas i n East 

Greenland can be explained by the model o f Green (1971). I t 

would b e g i n w i t h u p w e l l i n g o f r e l a t i v e l y undepleted Earth's 

mantle m a t e r i a l and t h i n n i n g o f the c o n t i n e n t a l c r u s t on 

the present seaward side o f the B l o s s e v i l l e coast, causing 

extensive f r a c t u r e systems (see Soper e t a l . , 1976; Brown 

and W h i t l e y , 1976). The i n i t i a l p a r t i a l m e l t i n g o f the 

mantle would take p l a c e a t a depth o f about 70km w i t h a 

hi g h degree o f m e l t i n g , g i v i n g r i s e t o p i c r i t i c l a v a which 

was extruded r a p i d l y t o the Earth's surface v i a t h e f r a c t u r e s 

(see Brooks e t a l . , 1976). Subsequently, lower degrees o f 

p a r t i a l m e l t i n g occurred a t a shallow depth ( i . e . 1 5 k m ) , 
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g i v i n g r i s e t o o l i v i n e t h o l e i i t i c lavas w i t h low 
normative o l i v i n e c ontents. The p a r t i a l m e l t i n g d u r i n g 
t h i s episode took place over a l a r g e area, producing 
voluminous t h o l e i i t i c lavas which then ascended r a t h e r 
s l o w l y r e l a t i v e t o the p i c r i t i c lavas, as i n d i c a t e d by t h e 
c r y s t a l - l i q u i d f r a c t i o n a t i o n p a t t e r n s imposed upon the 
t h o l e i i t i c magmas. 

i 
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APPENDIX 



TABLE A - l MAJOR,MINOR *NC TR4CE ELEMENT ANALYSES OF THE STUDIEP THOLE I I TE S ( FE 2Q3*=TCT AL FE) 

143804 14380s 1438C6 143807 143808 143809 143810 143614 143820 143824 
FtRCENT 
S1C2 49.15 49.09 49.05 48.39 49.22 48.10 48.15 48.92 48.87 48."5 
AL2C3 l * * 1 * 16.20 15.71 IE.4ft 15.13 15.02 14 .86 14.36 14.65 13. 38 
FE2C3 3. 10 3.00 3.12 3.CO 3.19 3. 20 3. 21 3. 55 3.40 3.56 
ft.U 9.65 9.32 9. 71 9.£3 10. 00 10.00 10.31 11.09 10.56 11 .09 
ML.C 4.91 5.47 5.65 6.53 5.12 6.66 6. 64 4. 86 5.58 1 .98 
CAO 10.22 10.67 10.29 10.98 10.06 11.80 11.26 10.68 10.78 10.27 
NA2C 2.99 2.79 2.62 2.58 2.90 2.21 2.19 2.53 2.78 2.05 
K2G 0.44 0.37 0.40 0.28 0.59 0.12 ~ 0.10 0.18 0.24 0.14 
•102 2./8 2.64 2.72 2.61 3.18 2.39 2.53 3.33 2.6* 2.6? 
P2C5 0.32 0.26 0.21 0.27 0.37 0.24 0.25 0.29 G.26 0.33 
?MJ 0.19 0.19 C.19 0.18 0.19 0.24 0.18 0.21 0.24 0.22 
- - 0.01 - 0.C3 0.C2 0.01 
FE2C3- 13.79 13.22 33.87 13.75 14.26 14.28 14.73 15=63 15.09 15.84 
f FK 
EA . 109 86 111 103 137 74 64 110 108 95 
*6 14 12 16 17 22 17 16 . 24 16 17 
tf< 193 175 192 175 249 155 U 4 228 173 195 
V 4 i it 20 30 39 27 29 36 37 "1 
SR 256 264 252 268 286 268 259 259 207 243 
PB 7 8 10 6 14 5 3 7 2 4 

94 76 £5 £3 1C4 82 92 99 97 99 
f ^ 280 245 224 191 262 205 222 241 239 292 
M 1C£ 93 122 91 117 124 34 42 1C8 
CH £6 105 97 117 64 132 109 72 7 8 90 



TABLE A - l MAJOR,MINOR AND TRACE ELEMENT ANALYSES OF THE STUDIED THCLEIITES(FE202*=TOT£L FE) 

Ft K Cc NT 
SI C 2 
AL2C3 
Ft2C~ 
F EG 
MGO 
CAO 
NA2C 
K2C 
T l O i 
P2G5 
MNC 
FE2C3* 
FPM 
EA 
NB 
2R 
Y 
<R 
R6 
2N 
CU 
M 
CR 

143825 

47.62 
14. £7 
2. 77 

11.70 
4. 5.5 

10. £4 
2. £9 
0 . 26 
3. 44 
0. 29 
0.25 
0. CI 

16.72 

108 
25 

216 
45 

255 
7 

1C3 
325 
99 
31 

143627 

47.76 
3 4.05 
3.91 

11.90 
4.78 

10.62 
2.69 
0.20 
3.52 
0.31 
0.25 

17.08 

95 
25 
47 

252 
E 

104 
3 70 
39 
32 

142828 

46.48 
13.78 
2. 63 

11.20 
6.74 

1 0.27 
2. 27 
0. 18 
2. 92 
0.21 
0.21 

16.02 

96 
21 

214 
29 

261 
7 

101 
281 
E7 
80 

143829 143830 143831 143832 

43. 12 
15.50 
3. 37 

1C. 47 
5.83 

10.62 
2. 50 
0.32 
2.80 
0.22 
0.21 

14.96 

125 
15 

173 
35 

237 
7 

l C ^ 
225 
68 
97 

47. 56 
15.05 
3.20 
9.97 
7.42 

11.33 
2.22 
0.12 
2.72 
0. 22 
0.19 
0.01 

14.24 

70 
13 

160 
28 

252 
4 

98 
190 
92 

135 

46. 37 
15. 08 
2.28 

10.22 
6.12 

11 .16 
2.47 
0. 15 
2.69 
C. 23 
0.21 
0.01 

14, 60 

77 
15 

172 
33 

261 
i i 
75 

223 
69 

111 

48.20 
15.22 
3.21 

10.28 
6.30 

11.23 
2.42 
0. 17 
2.26 
0.24 
0.20 
0.03 

14*69 

E7 
16 

167 
32 

252 6 
E5 

212 
66 

K 8 

143837 

48.10 
15.45 
3.22 

10.05 
6.17 

11.29 
2.57 
0.25 
2.34 
0.24 
0.21 

1 A 2 R 

78 
14 

143 
32 

214 
7 

88 
292 
114 
73 

H 3 8 3 9 

48.26 
15.48 
3.31 

10.32 
5.69 

1C.79 
2.70 
0.30 
2 .67 
0.25 
0.21 
4.74 

126 
18 

171 
22 

250 
8 

97 
259 
76 
59 

143841 

48.21 
14.99 
3.27 

10.18 
6. 72 

11. 28 
2.30 
0.10 
2.44 
0.21 
0. 21 

14. 

67 
12 

139 
2 1 

196 
4 

97 
207 
129 
89 



TABLE A - l MAJOR,MINOR AND TRACE ELEMENT ANALYSES OF THE STUDIEC THOL EI ITE S ( FE203*=TGT /> L FEJ 

143841 143842 1^2642 143844 143845 143846 143850 143851 143852 143353 
PERCENT 
SIC 2 50.23 48.28 49.19 49.49 48.12 46.28 48.41 47.75 48.08 48.33 
AL2C3 14.76 15.38 15.26 15.17 15.51 16.30 14.84 14.74 15.10 14.72 
FE2C3 3.20 3. 15 3. 28 2. 15 3.34 2.93 3.52 3.55 3.46 3 .66 
FEG 10.28 9.84 10.19 9.82 10.41 9.14 10.92 11.03 1C.78 11.38 
WoO 4.£4 6.90 4.£4 6.16 5.74 6.57 5.39 6.18 5.44 4.74 
CAO 10.41 11.66 11.01 10.62 10.82 11.62 10.75 10.92 10.91 10.10 
NA2C 2.69 2.32 2.85 2.66 2.53 2.43 2.64 2.42 2.66 2.96 
K2C 0 . i 6 0.06 0.33 0.27 0.26 0. 24 0. 17 0.13 C.16 0.26 
T102 2.68 2.01 2. 50 2.23 2.82 1.95 2 .87 2.79 2.91 3. 28 
F205 0.24 0.21 0.25 0.23 0.22 0.24 0.26 0.27 0.26 0.33 
MiMO 0.20 0.19 0.20 0.19 0.21 0.19 0.21 0.21 0.22 0. 22 
FE2C3* 14,68 14.05 14.56 14.02 14.87 13.06 15.62 15.76 15.40 16.26 
FPM 
E A S6 63 92 72 110 104 f2 62 87 1 7 1 
Î B 15 12 16 12 2C 16 17 14 20 26 
LR 163 ii( IHO 128 174 144 183 173 177 229 
Y 22 26 32 31 31 30 27 33 40 45 
SR 205 214 2 18 2C6 250 237 228 225 236 221 
fB 11 3 11 5 11 2 6 5 3 7 
2N 60 72 87 76 112 73 100 85 95 107 
CU 294 211 265 244 269 239 189 222 203 362 
M 58 120 89 42 145 142 22 15 72 47 
CR 79 110 76 76 103 142 69 58 71 57 



TABLE A - l MAJCR.MNOP. /»ND TRACE ELEMENT ANALYSES GF THE STUCIEC THCL EI ITES (FE2G2*=TCTAL F E ) 

142854 142655 143656 143857 143858 143859 143860 1436(2 14286 142664 
FERCENT 
S I 0 2 
FE2C3 
FEQ 
MGG 
C AG 
NAi'C 
K2G 
T1G2 
P2C5 
KNU 
S 
FE2C3* 
FFM 

4 8. 07 
15. £4 
3.20 
9.98 
6.54 

11. 27 
2. 22 
0. 18 
2.27 
0.23 
0. 20 

14. 25 

47.42 
15.84 
3.27 

10. 16 
6.47 

11. 42 
2.'-4 
0.17 
2.39 
0.23 
0. 20 

14.52 

47. <6 
14.62 
3.22 

10. 05 
6.96 

11.26 
2.24 
0.21 
2.S5 
G.22 
G.22 

14.35 

47.95 
16.68 
3.01 
9.38 
6.06 

11 .42 
2.49 
0.27 
2. 34 
0.23 
0.18 

13.40 

47.85 
15. 01 
3.25 

1C.09 
6.84 

11.57 
2. 30 
0.19 
2.44 
0.23 
0.22 
0. 02 

14.42 

47.76 
14. 95 
3.37 

10.50 
6. 64 

11.51 
2. 21 
0.10 
2.52 
0. 22 
0.20 
0.01 

15.00 

47.91 
15.03 
3.24 

10.37 
fc. 59 

11.42 
2.25 
0.12 
2.54 
0.22 
0.21 
14.62 

48 .16 
15.40 
2.16 

10.64 
6.43 

11.62 
2.52 
0. 24 
2.29 
0.22 
0.20 

12.96 

48.16 
15.09 
2.24 

10.40 
5.91 

11.53 
2.41 
0. 14 
2.58 
0.23 
0.20 

14.66 

47.91 
15.83 
2.24 

10.12 
6.50 

11.20 
2.30 
0. 15 
2.22 
0.24 
0.19 
0.01 
1 4s 4 5 

EA 
Nt3 
2R 
V 
1 

SR. 
R8 
2N 
CU 
M 
CK 

90 
13 

147 
— i 

2C3 
4 

eo 
258 
77 

146 

77 
10 

136 
33 

1S7 
3 

8 4 
205 
76 

152 

92 
17 

162 
31 

244 
11 
91 

222 
42 

157 

116 
15 

141 
30 

243 
3 

76 
224 
96 

150 

92 
14 

143 
28 

229 
6 

83 
193 
87 

165 

64 
15 

1 4ft 
21 

233 
4 

84 
198 
67 
69 

113 
25 5 3 c 

"44' 
226 

8 
113 
188 
101 
70 

66 
16 

130 
26 

222 
3 

77 
209 
1C5 
136 

56 
12 

126 
27 

220 
5 

74 
194 
89 
69 

89 
16 

150 
35 

2 2 2 
•a 
~> 

65 
190 
102 
145 



TABLE A - l KAJOR,MINOR AND TRACE ELEMENT ANALYSES OF THE STUDIED THOLE11TES(FE2C3* = TCTAL F E ) 

142865 143866 143868 143869 143870 142871 143872 142872 143876 143677 
PEKCcNT 
5IU2 48.63 49.00 48.10 47.87 46.81 47.66 47.08 48.03 47.79 48.75 
AL2L3 1 5V, 2* 16.02 15.29 14. 70 15. 40 14. 80 15.23 14.00 15.34 
F t - i C i 3. 37 3.13 3.20 3.36 3.47 3.23 3.22 2.5C 3.21 3.22 
FEG 10.47 9.75 9.95 10.46 10. 80 10.06 10 .06 10.85 10 .02 10."5 
MbG 5.41 6.07 5.37 5.93 7.65 6.55 8.41 4.79 8.82 5.03 
CAO 10.83 11.28 11.25 10.57 10.64 11.56 11.G8 11.15 11.28 10.30 
NA^C 2.72 2.66 2.83 2.49 1.94 2.49 1.62 2.73 1.83 2.77 
KfO 0.29 0.24 C.35 0.18 0.29 0.08 0.39 0.33 0.08 0.20 
T I C 2 2.60 2.17 2.44 3.36 3.20 2.51 2.66 2.90 2.55 3.42 
P2u5 0.27 0.26 0.26 0.28 0.30 0.23 0.22 0.26 0.22 0.29 
MNG 0.21 0.19 0.21 0.20 0.19 0.21 0.22 0.21 0.18 0*21 
S 0.03 - 0. 02 0.02 
FE 205* 14. 96 12.92 14.22 14.94 15.43 14-37 14 = 37 1 5 s 5 1 14.31 14.78 
PFN 
BA 104 98 88 1C2 101 62 122 98 56 P 7 
NB 15 15 12 28 25 18 14 8 14 18 
J * I t O 167 154 230 200 152 123 167 129 24G 
* -3 32 21 36 32 32 26 33 23 44 
SR 227 235 2C7 299 278 233 208 288 255 272 
»*tJ 8 3 6 7 7 7 6 6 4 9 
ZN 87 89 £3 117 110 85 68 98 76 105 
CU 263 273 219 326 300 268 200 265 165 277 
Nl |7 89 98 152 107 80 61 42 194 118 
CR 94 gs 73 114 244 139 129 68 218 144 



TABLE A - l MAJOR,MINOR AND TRACE ELEMENT ANALYSES OF THE STUDIED THCLE11TESIFE2C3* = TQT/L FEJ 

142878 143879 142880 143881 1438E2 143885 143886 143887 143388 143889 
FERCENT 
SIG2 
AL2C3 
Ft2C3 
FED 
MGO 
CAC 
NA2C 
*2C 
T I 0 2 
P2C5 
KNC 
S 
FE2C3* 
FPM 
EA 
N8 
2R i 
SR 
RB 
2N 
CU 
NI 
Cft 

46. 62 
13. 97 
3.49 

10.84 
6. 48 

12.71 
1. 76 
0. 16 
3. 55 
0.23 
0. 18 
0.01 

15.49 

135 
18 

210 
2 ( 

2E6 
6 

94 
228 
167 
262 

48.58 
14.52 
3.06 
9.56 
7. 37 

11.81 
2.08 
0.17 
2.42 
0.25 
0.17 

13.65 

99 
14 

182 
•31 

27* 
10 
75 

152 
137 
213 

48.96 
14.72 
2. 11 
9.70 
6. C4 

12.24 
2.17 
0.11 
2.40 
0.24 
0.18 
0. 01 

13.66 

51 
13 

165 
45 

266 
•2 

70 
220 
124 
192 

47. 19 
14.27 
3. 52 

10.94 
7.71 

10.64 
1.97 
0.12 
3.14 
0. 30 
0.18 
0.C1 

15.63 

77 
16 

19 5 
34 

247 
3 

87 
218 
138 
3C8 

48. 1 1 
15.73 
3.10 
9.67 
6.56 

11.47 
2.33 
0. 10 
2.51 
0. 23 
0.19 
0.01 

13.81 

61 
10 

153 
34 

258 
3 

82 
197 
90 

110 

47.40 
15.28 
3.39 

10. 58 
6.35 

11. 52 
2.38 
0. 11 
2.53 
0. 2.6 
0.19 

15.11 

81 15 i & i 
29 

222 
4 

83 
252 
51 
63 

46.44 
14.90 
3.13 
9.9 2 
6.25 

11.64 
2 .42 

.0.17 
2.54 
0.21 
0.21 

14. 18 

6 1 
13 

149 
21 

243 
3 

75 
183 
64 

117 

48.10 
15.79 
3.09 
9.61 
6.72 

1 1.78 
2.44 
0. 17 
1.87 
0.22 
0.21 

12.72 

74 
16 

150 
29 

218 
2 

92 
182 
71 

142 

47.41 
15.52 
2.22 

10.05 
7.78 

11.30 
2.07 
C.12 
2.09 
0.23 
0.20 

1.4.35 

97 
16 

136 
29 

238 
5 

83 
179 
92 

168 

48.05 
14. 66 
2.63 

11.30 
5.01 

10.22 
2. 82 
0. 33 
1 . -a A 

0.38 
0. 24 

16 = 14 

73 
17 

150 
21 

244 
A 

104 
290 
84 
56 



TABLE A - l MAJDRtMlNCR AND TRACE ELEMENT ANALYSES OF THE STUDIED THCLEI ITES<FE203*=TCTAL FE) 

1 4 3 8 9 0 1 4 3 8 9 1 142892 143893 1438S4 143395 1 4 3 8 9 6 1 4 3 8 9 7 143898 1 4 3 8 9 9 

PERCENT 

SIC2 4 7 . 6 0 
1 5 . £ 8 

4 7 . 9 0 4 7 . 9 3 4 8 . 1 4 4 8 . 0 6 4 9 . 6 2 4 8 . 50 4 9 . 3 8 4 7 . 6 9 4 8 . 1 5 
AL2C3 

4 7 . 6 0 
1 5 . £ 8 1 4 . 98 1 5 . 3 8 1 4 . 9 7 1 5 . 4 9 1 4 . 8 5 1 5 . 6 2 1 4 . 7 0 

3 . 2 2 
1 4 . 5 2 . 1 5 . 8 0 

FE2C3 3 . 3 0 3 . 15 3 . 23 
1 0 . 0 7 

3 . 1 7 
9 . 9 1 

2 . 13 2 . 29 3 . 2 8 
1 4 . 7 0 

3 . 2 2 3 . 6 1 3 . 1 1 
FED 1 0 . 2 9 9 .83 

3 . 23 
1 0 . 0 7 

3 . 1 7 
9 . 9 1 9 . 7 6 1 0 . 2 5 1 0 . 2 2 1 0 . 0 2 1 1 . 2 3 9 . 6 7 

MGu 6 . 1 4 7 . 0 0 6 . 81 6.i 3 7 . 03 5 . 5 3 5 . 2 2 5 . 8 5 6 . 0 3 5 . 9 7 
CAC 1 1 . 6 4 1 2 . 0 1 1 1 . 4 3 1 2 . 0 1 1 1 . 4 7 1 0 . 57 1 0 . 89 1 0 . 7 2 1 0 . 7 4 1 0 . 9 5 
NA2C 2 . 4 8 2 . 3 0 2 . 3 4 2 . 3 7 2 . 4 2 2 . 8 6 2 . 7 8 2 . 8 4 2 . 24 2 . 6 0 
K20 0 . 1 3 0 . 1 3 0 . 10 0 . 11 C . 2 1 0 . 3 3 0 . 2 3 0 . 3 3 0 . 1 9 0 . 2 8 
1IC2 
F20 5 

2 . 2 9 2 . 3 2 2 . 2 9 2 . 2 9 1 .98 2 . 18 2 . 7 8 2 . 4 7 3 . 1 8 3 . 0 1 1IC2 
F20 5 0 . 22 0 . 19 C.23 0 . 1 9 0 . 2 2 0 . 2 6 0 . 2 4 0 . 2 4 0 . 2 3 0 . 2 6 
KNO 0 . 2 1 

0 . 0 1 
0 . 2 1 C. 19 0 . 2 1 C.22 0 . 26 0 . 2 1 0 . 2 1 0 . 2 2 0 . 19 0 . 2 1 

0 . 0 1 - 0 . 0 1 - - - — 0 . 0 1 
FE2C5- 1 4 . 10 1 4 . 0 2 14* 38 14*15 12*94 1 4 . 6 4 14*60 14*32 16 *04 1 -3. ft 0 

PFM 

BA 49 65 66 58 
11 

77 
NB 10 15 10 

58 
11 13 

2R 1 2 0 130 120 126 124 
Y 30 30 28 29 28 
SR 2 04 2 1 1 195 209 204 
R B 4 8 •a 

9 1 
7 5 

2N E4 84 
•a 

9 1 85 79 
CU 229 226 258 212 2 3 4 
Nl 103 1C7 1C8 €4 100 
CK 64 145 64 152 

100 

103 
13 

158 
41 

159 
8 

ICO 
239 

68 
59 

97 
21 

159 
29 

229 
9 

99 
241 

80 
99 

83 
15 

158 
32 

207 
10 
98 

257 
73 
52 

97 
25 

230 
45 

232 
4 

98 
243 

58 
126 

114 
28 

2 H 
33 

203 
9 

92 
264 

66 
154 

0 0 



TABLE A - l MAJOR)VI NOR ANC TRACT ELEMENT ANALYSES O c THE STUDIED THCLEIT TES(FE2C3*=TCTAL FE) 

PERCENT 

SI C2 
AL 2C3 
FE2C3 
FEO 
MGC 
CAC 
NA20 
K2L ; 

71 C2 
F 2 0 £ 
MNG 
S 
FE2C3* 

FFM 

BA 
N8 
ZR 
Y 
SR 
F B 
ZN 
CU 
NI 
CR 

1 4 2 9 0 2 

4 7 . 25 
1 3 . 27 

3 . 3 6 
1 0 . 50 

7 . 10 
1 1 . 2 5 

2 . 98 
0 . 2 8 
3 . 18 
0 . 3 3 
0 . 2 5 
0 . C5 

1 4 . 9 9 

63 
27 

166 
26 

2 4 1 
10 
98 

3C4 
160 
2 4 1 

1439C3 

4 6 . 1 4 
1 4 . 52 

3 . 3 4 
1 0 . 4 1 

7 . 9 8 
1 1 . 9 4 

1 . 8 9 
0 . 3 0 
3 . 0 3 
0 . 2 1 
0 . 2 0 
0 . 0 3 

1 4 . 8 7 

83 
26 

192 
32 

262 
6 

95 
296 
123 
236 

1439.08 

4 6 . 6 7 
1 5 . C5 

3 . 3 7 
1 0 . 5 1 

7 . 67 
1 0 . 5 4 

2 . C6 
0 . 4 1 
3 . 0 3 
C. 28 
0 . 2 0 
C.C1 

1 5 . 0 1 

£4 
22 

"29 
448 

9 
95 

246 
129 
203 

1439C9 

4 8 . 8 4 
1 5 . 3 0 

3 . 12 
9 . 7 0 
6 . 2 0 

1 1 . 3 2 
2 . 5 4 
0 . 15 
2 . 3 8 
0 . 2 5 
0 . 2 0 

1 3 . 8 6 

65 
18 

1 e 7 
" 3 1 
220 

8 
77 

224 
80 

124 

143940 

4 7 . 5 6 
1 5 . 2 3 

3 . 33 
1 0 . 0 7 

6 . 15 
1 1 . 8 8 

2 . 5 9 
G. 27 
2 . 4 7 
C.23 
0 . 2 1 

1 4 . 38 

98 
11 i a. t; 

.a. ; 

28 
230 

4 
84 

198 
49 

112 

142941 

4 8 . 02 
1 6 . 0 4 

3 . 10 
9 . 6 7 
6 . 1 5 

1 1 . 4 2 
2 . 4 6 
0 . 2 3 
2 . 4 5 
0 . 2 5 
0 . 19 

12 . 81 

92 
19 

1 c - > 

A J C 
21 

228 
4 

E6 
228 

71 
152 

1 4 2 9 5 1 

4 7 . E 6 
1 5 . 2 9 

3 . 1 9 
9 .92 
6 . 9 5 

1 1 . 8 9 
2 . 2 6 
0 . 1 1 
2 . 1 1 
0 . 2 1 
0 . 20 

1 4 . 1 9 

75 
19 

123 
26 

2 1 1 
1 

75 
161 

77 
145 

143953 143955 

4 8 . OC 
1 4 . 8 4 

3 . 2 0 
9, 
7, 

1 1 , 
2 

96 
13 
65 
2 1 

0 . 1 4 
2 . 4 6 
0 . 2 1 
0 . 2 0 

1 4 , 2 3 

74 
12 n *^ * 1 J O 
25 

2 2 2 
4 

84 
215 

85 
116 

4 8 . 1 4 
1 5 . 7 1 

3 . 1 1 
9 . 6 9 
6 . 2 6 

1 1 . 6 1 
2 . 5 4 
0 . 2 4 
2 . 2 6 
0 . 2 4 
0 . 1 9 

13 3 8 4 

93 
18 

134 
3 0 

2 3 1 
3 

107 
205 

94 
,24 

1 4 3 9 5 6 

4 8 . 4 0 
1 5 . 0 1 

3 . 4 5 
1 0 . 75 

5 . 6 3 
1 0 . 7 3 

2 . 5 9 
0 . 18 
2 . 76 
0 . 2 8 
0 . 2 1 
0 . 0 1 

15*35 

94 
17 

180 
38 

2 2 1 
3 

96 
260 

96 
75 



TABLE A - l K / JOF. , MINOR AND TRACE ELEMENT ANALYSES OF THE STUDIED THOLE I I TES( FE 202*=TOTAL FE) 

1 4 2 9 5 7 1 4 4 0 0 4 144006 14400 7 144008 1440C9 

PERCENT 

S1C2 4 7 . 89 4 8 . 4 1 
1 5 . 3 9 

4 8 . 5 6 4 7 . 1 4 4 8 . 7 1 
1 5 . 4 0 

4 8 . 1 0 
AL2C5 1 5 . 1 2 

4 8 . 4 1 
1 5 . 3 9 1 5 . 46 1 3 . 79 

4 8 . 7 1 
1 5 . 4 0 1 5 . 4 5 

FE2C3 3 . 19 3 . 2 9 3 . 16 3 . 5 9 3 . 1 6 3 . 22 
FED 9 . 94 1 0 . 25 c , . E5 1 1 . 1 6 9 . 8 6 1 0 . 0 5 
M'JC 6 . 9 1 5 . 5 8 6 . 5 8 6 . 5 4 6 . 1 9 6 . 17 
CAU 1 1 . 94 1 1 . 0 2 1 L . C9 11 . 55 1 1 . 2 1 11 . 3 9 
NA2C 2 . 3 1 2 . 70 2 . 3 9 2 . 2 4 2 . 6 1 2 . 57 
K2C 0 . 12 0 . 1 9 0 . 1 5 0 . 5 5 0 . 1 9 0 . 2 5 
7 102 2 . 17 2 . 6 9 2 . 3 1 2 . 9 6 2 . 2 3 2 . 3 4 
F2C5 0 . 2 1 0 . 2 5 0 . 2 5 0 . 2 1 0 . 23 

0 . 2 1 
0 . 2 4 

Mi\0 0 . 20 0 . 2 1 0 . 2 0 0 . 2 5 
0 . 23 
0 . 2 1 0 . 2 1 

3 - - 0 . 0 1 0 . C 1 — 

FE2C3* 1 4 . 20 1 4 . 6 4 1 4 . 0 7 1 5 . 9 4 1 4 . 0 8 1 4 . 3 5 

PPM 

t A 
N8 
/ K 
Y 
SR 
F-B 
IN 
CU 
M 
CR 

66 
1 2 

129 
29 

199 
2 

90 
182 

46 
148 

86 
17 

184 
32 

288 
7 

99 
283 

54 
72 

102 
"3 1 t- J . 

141 
26 

193 
4 

84 
3 0 0 
108 

65 

128 
19 

1 QQ 
"34 
2 9 1 , 

5 
103 
2 53 

65 
67 

95 
14 

1 
"28 
23C 

6 
78 

222 
103 
117 

78 
14 

^ L~X 

32 
214 

7 
88 

292 
114 

73 



TABLE A - 2 CTPW NOP MS AND DIFFERENT I AT I ON-INDEX VALUES CF THE STUDIED THGLEIITES 

1 4 2 8 0 4 143805 1 4 2 8 0 6 1 4 3 3 0 7 1^3803 143809 1 4 3 8 1 0 143814 143820 1 4 2 8 2 4 

t Z O.EO 0 . 80 0 . 70 1.5C 0 . 4 0 0 . 9 0 3 . 7 0 0 . 7 0 1 .50 
Cft 2 . 6 0 2 . 2 0 2 . 4 0 1 .70 3 . 5 0 C. 70 0 . 60 1 . 1 0 1 .40 0 . 8 0 
£B 2 5 . 20 2 3 . 60 2 4 . CO 2 1 . 8 0 2 4 . 5 0 1 8 . 7 0 1 8 . 5 0 2 1 . 4 0 2 2 . 5 0 1 7 . 3Q 
I N 2 9 . 2 0 3 0 . 6 0 2 9 . 0 0 2 9 . SO 2 6 . 7 0 3G. 10 3 0 . 4 0 2 7 . 2 0 2 6 . 8 0 26 . 9 0 
01 1 6 . 20 1 6 . 90 1 6 . 4 0 1 8 . 70 1 7 . 1 0 2 1 . 5 0 19 . 4 0 19 . 7 0 2 0 . 6 0 1 7 . 9 0 
HY 1 5 . 10 1 5 . 9 0 1 7 . 10 1 7 . 10 15 . 20 1 6 . 20 1 9 . SO 1 4 . 6 0 1 6 . 4 0 2 4 . 6 0 
OL — — — 0 . 9 0 — — — — — 

M 4 . 5 0 4 . 3 0 4 . 50 4 . 50 4 . 6 0 4 . 6 0 4 . 8 0 5 . 2 0 4 . 9 0 5 . 2 0 
I L 5 . 3 0 5 . 00 5 . 2 0 5 . 0 0 6 . 0 0 4 . 50 4 . 80 6 . 3 0 5 . 0 0 5 . 0 0 
AP 0 . 60 0 . 6 0 0 . 70 0 . 6 0 0 . 9 0 0 . 6 0 0 . 6 0 0 . 7 0 0 . 6 0 0 . 8 0 
FY C. 10 

" 

C. i . 2 8 . 7 26 . 6 2 7 . 1 2 3 . 5 2 9 . 5 1 9 . 8 2 C . 0 2 6 . 2 2 5 . 7 1 9 . 7 

cn 



TABLE A - 2 CIPW NCPMS AMD DIFFERENTIAT I ON-INDEX VALUES OF THE STUDIED T H Q L E I I T E S 

143825 1 4 3 0 2 7 142828 143825 143820 1 4 3 8 2 1 143E32 1 4 3 8 3 7 143839 1 4 3 8 4 0 

QL 0 . 5 0 1 .70 2 . 2 0 0 . 5 0 
C* I.tO i . 2 0 1 . 1 0 2 . 0 0 0 . 7 0 

2 4 . 5 0 2 2 . 8 0 1 9 . 20 2 1 . 20 1 8 . 7 0 
AN 2 6 . 2 0 2 5 . 7 0 2 6 . 9 0 3 0 . 1 0 3 0 . 7 0 
Di 20.GO 2 0 . 70 1 8 . 10 1 7 . 4 0 1 9 . 6 0 
HY 1 4 . 5 0 1 4 . 9 0 2 1 . 0 0 1 8 . 2 0 1 8 . 4 0 
OL - - - 1 . 50 
MT 5 . 5 0 5 . 7 0 5 . 3 0 4 . 9 0 4 . 6 0 
1 l 6 . 5 0 6 . 7 0 5 . 5 0 5 . 3 0 5 . 2 0 

0 . 7 0 0 . 7 0 0 . 70 0 . 50 0 . 50 
fY -

C I . 2 6 . 5 2 5 . 7 2 2 . 5 2 3 . 6 1 9 . 5 2 2 . 6 2 1 . 6 2 3 . 2 2 4 . 7 2 0 . 4 

0 . 80 0 . 1 0 - - 0 . 4 0 
0 . 9 0 

2 0 . 9C 
1 .00 

2 0 . 5 1 
1 .50 1 .80 0 . 6 0 0 . 9 0 

2 0 . 9C 
1 .00 

2 0 . 5 1 2 1 . 7 0 2 2 . 9 0 1 9 . 4 3 
2 9 . 6 0 2 0 . 2 J 2 9 . 9 0 2 9 . 2 0 2 0 . 20 
1 9 . 9 0 19 . 90 2 0 . 5 0 18 . 7 0 2 0 . 20 
1 7 . 50 1 8 . 50 1 4 . 10 1 6 . 5 0 1 9 . 2 0 

- - 2 . 6 0 
4 . 7 0 

0 . 5 0 — 

4 . 80 4 . 6 ? 
2 . 6 0 
4 . 7 0 4 . 8 0 4 . 7 0 

4 . 60 5 . 1 0 4 . 5 0 4 . 4 0 5 . 10 
4 . 7 0 
4 . 60 

0 . 5 0 0 . 6 0 0 . 6 0 0 . 6 0 0 . 5 0 
— 0 . 10 — — — 

( J l 



TABLE A - 2 CIPW NCRMS AND CIFFERENTI AT ION-INCEX VALUES CF T H E STUDIED THOLE 11TE S 

1 4 3 8 4 1 1 4 3 8 4 2 143843 143844 143845 143846 1 4 3 8 5 0 . 1 4 3 6 5 1 143852 143853 

cz 3 . eo - 1 . 0 0 1 . 0 0 0 . 5 0 _ 
GK 2 . 20 0 . 4 0 2 . CO 

2 4 . 10 
1 .60 1 .60 1 .40 

2 2 . 8 0 1 9 . 6 0 
2 . CO 

2 4 . 10 2 2 . 50 2 1 . 4 0 2 0 . 50 
3 2 . 9 0 fih 2 7 . 1 0 31 . 4 0 2 8 . 20 2 8 . 6 0 3 0 . 2 0 
2 0 . 50 
3 2 . 9 0 

CI 1 9 . CO 2 0 . 50 2 0 . 50 1 8 . 50 1 8 . 1 0 1 9 . 0 0 
hv 1 4 . 70 1 8 . 2 0 1 4 . 10 1 8 . 4 0 1 7 . 5 0 1 5 . 20 
OL — 1.00 — — — 2 . 5 0 
fJ 4 . 6 0 4 . 60 4 . 70 4 . 6 0 4 . 3 0 4 . 3 0 
i L 5 . 1 0 3 . 8 0 4 . 7 0 4 . 2 0 5 . 30 3 . 70 
AP 0 . 6 0 0 . 5 0 0 . 6 0 0 . 6 0 0 . 5 0 0 . 6 0 
F t 

C . I . 2 8 . 7 2 0 . 0 2 7 . 1 2 5 . 2 2 3 . 5 2 2 . 0 

1 .30 
1 . 0 0 

2 2 . 4 0 
2 8 . 1 0 
1 9 . 4 0 
1 6 . 6 0 

0 . 4 0 
0 . 8 0 

2 0 . 5 0 
2 8 . 9 0 
1 9 . 3 0 
1 9 . 00 

0 . 6 0 
1.00 

2 2 . 5 0 
2 8 . 8 0 
1 9 . 5 0 
1 6 . 5 0 

1 .20 
1 .60 

2 5 . 1 0 
2 6 . 10 
1 8 . 1 0 
1 5 . 7 0 

5 . 1 0 
5 . 4 0 
0 . 6 0 

5 . 1 0 
5 . 3 0 
0 . 6 0 

5 . 0 0 
5 . 5 0 
0 . 6 0 

5 . 3 0 
6 . 2 0 
0 . 80 

2 4 . 7 2 1 . 7 2 4 . 1 2 7 . 8 

cn 
CO 



TA3LE A - 2 C1PW NORMS AND D I F F E R E N T I A T I O N - I N D E X VALUES OF THE STUDIED T HOLE 11TES 

1 4 2 8 3 4 143855 143656 1 4 3 8 5 7 143858 143859 1 4 3 8 6 0 14386 2 143863 1 4 3 8 6 4 

- 0 . 2 0 , 0 . 4 0 - 0 . 6 0 
0 . 6 0 0 . 7 0 1 . 4 0 0 . 8 0 0 . 9 0 

1 8 . 7 0 1 9 . 0 0 2 1 . 3 0 2 0 . 4 0 1 9 . 4 0 
3 0 . 6 0 3 0 . 6 0 3 0 . 0 0 2 9 . 9 0 3 2 . 4 0 
2 0 . 5 0 2 0 . 2 0 2 1 . 6 0 2 1 . 2 0 1 7 . 7 0 
1 9 . 1 0 1 9 . 0 0 1 1 . 6 0 1 6 . 7 0 1 9 . 8 0 

, - " 5 . 8 0 - 0 . 1 0 
4 . 9 0 4 . 8 0 3 . 1 0 4 . 8 0 4 . 7 0 
4 . 8 0 4 . 8 0 4 . 5 0 4 . 9 0 4 . 4 0 
0 . 5 0 0 . 5 0 0 . 5 0 0 . 6 0 0 . 6 0 

C - I . 2 1 . 7 2 1 . 7 2 1 . 1 2 2 . 7 2 0 . 6 1 9 . 5 2 0 . 1 2 2 . 8 2 1 . 9 2 0 . 3 

Ok l . i n 
1 9 . 60 

1 . 0 0 1 .30 1 .60 1 .10 
Ao 

l . i n 
1 9 . 60 2 0 . 60 1 9 . 80 2 1 . 0 0 1 9 . 4 0 

AN 3 1 . 7 0 3 1 . 8 0 2 8 . 8 0 3 3 . 5 ) 2 0 . 10 
01 1 9 . 0 0 1 9 . 2 0 2 0 . 9 0 1 7 . 7 0 2 1 . 1 0 
HY 1 8 . £ 0 1 3 . f O 18 . 50 1 4 . 40 1 6 . 8 0 
OL 0 . 51 4 . 0 0 - 2 . 3 0 1 .50 
Ml 4 . 60 4 . 70 4 . 70 4 . 4 0 4 . 7 0 
1L 4 . 30 4 . 50 5 . f : 0 4 . 40 4.5,0 
AH 0 . 6 0 0 . 6 0 0 . 5 0 0 . 6 0 0 . 6 0 

cn 



TA9L£ A - 2 CIPW NORMS AND D I F F E R E N T I A T I O N - I N D E X VALUES CF THE STUDIED T h C L E I I T E S 

1 4 1 8 6 5 1 4 3 8 6 6 1 4 3 8 6 8 14384*; 14387C 1^3871 143872 143873 143876 143877 

QZ 0 . 9 0 0 . 10 — 1 , 30 _ 
OR 1 . 7 0 1.4'i 2 . n 1 . 1 •) 1 .70 

1 6 . 4 0 Ad 2 3 . 0 0 2 2 . 50 2 4 . CO 2 1 . 1 0 
1 .70 

1 6 . 4 0 
AN 2 7 . E G 2 8 . 9 0 2 9 . 9 0 3 0 . 0 0 3 0 . 6 0 
Ci 1 9 . 90 2 0 . 8 0 1 9 . 9 0 1 6 . 9 0 1 6 . 5 0 
HY 1 6 . 20 1 7 . 0 0 1 0 . 40 1 7 . 70 2 2 . 9 0 

0 . 1 0 O l — - 3 . 8 0 - 2 2 . 9 0 
0 . 1 0 

MT 4 . 9 0 4 . 50 4 . 60 4 . 9 0 5 . 0 0 
1L 4 . 9 0 4 . 1 0 4 . tO 6 . 4 0 6 . 10 
AP 0 . 60 0 . 6 0 0 . 60 0 . 7 0 0 . 7 0 

- - 0 . 3 0 0 . 1 0 2 . 5 0 
0 . 50 2 . 20 2 . 00 0 . 5 0 1 . 2 0 

2 1 . 1 0 1 5 . 4 0 23 . 1 0 1 5 . 5 0 
2 9 . 7 0 

2 3 . 5 0 
3 0 . 60 3 1 . CO 2 8 . 3 0 

1 5 . 5 0 
2 9 . 7 0 2 8 . 8 0 

2 0 . 7 0 1 8 . 2 0 2 0 . 9 C 2 0 . 1 0 1 6 . 80 
16-.40 1 9 . 5 0 1 4 . 2 0 2 4 . 1 0 1 5 . 2 0 

2 . 8 0 3 . 20 -4 . 7 0 4 . 7 0 5 . 1 0 4 . 7 0 4 . 8 0 
4 . 80 5 . 10 5 . 5 0 4 . 8 0 6 . 5 0 
0 . 6 0 0 . 6 0 0 . 6 0 0 . 5 0 0 . 7 0 
0 . 10 - - -

t - I . 2 5 . 7 2 4 . 0 2 6 . 1 2 3 . 5 1 8 . 1 2 1 . 5 1 7 . 7 2 5 . 3 1 6 . 1 2 7 . 2 



TABLE A - 2 CIPW NORMS AND D I F F E R E N T I A T I O N - I N D E X VALUES OF THE STUDIED THOLE 11TES 

1 4 3 8 7 8 143379 142880 1 4 3 8 8 1 1438E2 143EE5 1 4 3 8 8 6 1 4 3 8 8 7 143888 143839 

QZ 1 . 1 0 0 . 9 0 2 . 2 0 0 . 7 0 0 . 3 0 - C . 4 0 - - 1 . 0 0 
<fK . 1 - 0 0 1 .00 0 . 7 C 0 . 7 0 0 . 6 0 0 . 7 9 1 .00 1 .00 0 . 7 0 2 . 0 0 
£ 6 1 4 . 9 0 1 7 . 6 0 1 8 . 4 0 1 6 . 7 0 1 9 . 7 0 2 0 . 1 0 2 0 . 5 0 2 0 . 6 0 1 7 . 5 0 2 3 . 8 0 
£N 2 9 . 7 0 2 9 . 7 0 3 0 . 1 0 2 9 . 7 0 3 2 . 2 0 3 0 . 7 0 2 9 . 2 0 3 1 . 6 0 3 2 . 7 0 2 6 . 4 0 
CI ? 6 ' £ £ 2 2 - 1 0 2 4 . 2 0 1 7 . 2 0 1 9 . 0 0 2 0 . 3 0 2 2 . 2 0 2 0 . 8 0 1 7 . 8 0 1 8 . 1 0 
HY 1 4 . 9 0 1 8 . 9 0 1 4 . 7 0 2 3 . 1 0 1 8 . 5 0 1 5 . 8 0 1 6 . 6 0 1 3 . 2 0 1 8 . 4 0 1 6 . 2 0 

MT 5 . 1 0 4 . 4 0 4 . 5 0 5 . 10 4 . 5 C 4.*90 4 . 6 0 4 ^ 5 0 lllO 5 . 3 0 
AL 6 - 7 0 4 . 6 0 4 . 5 0 6 . 0 0 4 . 8 0 4 . 8 Q 4 . 6 0 2 . 6 0 4 . 0 0 6 . 4 0 
AP 0 . 6 0 0 . 6 0 C .60 0 . 7 0 0 . 6 0 0 . 6 0 0 . 5 0 0 . 5 0 0 . 6 0 0 . 9 0 

C I . 1 7 . 0 1 9 . 6 2 1 . 3 1 8 . 2 2 0 . 6 2 0 . 8 2 1 . 8 2 1 . 6 1 8 . 3 2 6 . 8 

cn 
CD 



TABLE A - 2 CIPW NCRMS ANC C I F , c ER ENT I AT ION - IM C E X VALUES OF THE STUDIED THOLE 11 TE S 

1 4 3 8 9 0 1 4 3 8 9 1 1 4 3 8 9 2 143893 1 4 3 8 9 4 143895 143896 1 4 3 8 9 7 143898 143899 

o z ~ ~ " - - 0 . 5 0 0 . 5 0 0 . 5 0 1 .80 0 . 30 
C»> 0 . 80 0 . 6 0 0 . 70 1 . 3 0 2 . 0 0 1 . 4 0 2 . 0 0 1.10 1 .70 
f b 2 1 . 0 0 1 9 . 4 0 1 9 . 8 0 2 0 . 0 0 2 0 . 5 0 2 4 . 2 C 2 3 . 6 G 2 4 . 1 0 1 9 . 0 0 2 2 . 0 0 
AN 3 1 . . - 0 2 0 . 20 3 i . 2 0 2 9 . 9 0 3 0 . 8 0 2 6 . 7 0 2 9 . 4 0 2 6 . 4 G 2 9 . 0 0 2 0 . 6 0 
01. 2 0 . 6 0 2 3 . 0 0 1 9 . 7 0 2 3 . 2 0 2 0 . 2 0 1 9 . 80 1 9 . 0 0 2 0 . 7 0 1 3 . 2 0 18 . 0 0 
Ht 1 ^ . 4 0 1 4 . 6 0 1 7 . 8 0 1 5 . 3 0 1 4 . 1 0 1 7 . 0 0 1 5 . 5 0 1 6 . 4 0 1 8 . 8 0 1 6 . 6 0 
UL 3 . 3 0 2 . 6 0 1 . 4 0 . 1 .50 4 . 4 C -
NT 4.GO 4 . 6 0 4 . 7 0 4 . 6 0 4 . 5 0 4 . 8 0 4 . 6 0 4 . 7 0 5 . 2 0 4 . 5 0 
1L 4 . | 0 4 . 4 0 4 . 3 0 4 . 3 0 3 . 8 0 4 . 1 0 5 . 2 0 4 . 7 0 6 . 0 0 5 .7C 

0 . 5 0 0 . 5 0 0 . 6 0 0 . 5 0 0 . 5 0 0 . 6 0 0 . 6 0 0 . 6 0 0 . 8 0 0 . 6 0 

C I . 2 1 . 8 2 0 . 2 2 0 . 4 2 0 . 7 2 1 . 7 2 7 . 0 2 5 . 5 2 6 . 6 2 1 . 9 2 3 . 9 



TABLE A - 2 CIPW NORMS AND C I FFERENTI AT I O N - I N C EX VALUES OF THE STUDIED THOLE 11TES 

1 4 3 9 0 2 1 4 3 9 0 3 1 4 3 9 0 8 1 4 3 9 0 9 1 4 3 9 4 0 1 4 3 9 4 1 1 4 3 9 5 1 1 4 3 9 5 3 1 4 3 9 5 5 1 4 3 9 5 6 

CZ - - - 0 . 7 0 - - - - - i . i n 
0** ^1-70 1 . 8 0 2 . 40 0 . 9 0 1 . 6 0 1 . 4 0 0 . 7 0 0 . 8 0 1 . 4 0 1 . 1 0 
AtJ 2 5 . 2 0 1 6 . 0 0 1 7 . 4 0 2 1 . 5 0 2 1 . 9 0 2 0 . 8 0 1 9 . 10 1 8 . 7 0 2 1 . 5 0 2 1 . 9 0 
f"? 1|-^0 3 0 . 2 0 3 0 . 6 0 2 9 . 9 0 2 9 . 1 0 3 2 . 1 0 31 . 3 0 3 0 . 2 0 3 0 . 8 0 2 8 . 8 0 
. C . J 2 5 - C - O 2 2 . 5 0 1 6 . 1 0 2 0 . 2 0 2 3 . 2 0 1 8 . 80 2 1 . 5 0 2 1 . 4 0 2 0 . 7 0 1 8 . 6 0 P,Y 1 2 . 3 0 1 8 . 10 1 7 . 2 0 8 . 9 0 1 6 . 2 0 1 5 . 8 0 1 8 . 7 0 1 3 . 4 0 1 7 . 5 0 
£L 9 . C O 6 . 1 0 4 . C 0 - 5 . 2 0 1 . 0 0 2 . 5 0 0 . 4 0 2 . 8 0 
MT 4 . 9 0 4 . 8 0 4 . 9 0 4 . 5 0 4 . 8 0 4 . 5 0 4 . 6 0 4 . 6 0 4 . 5 0 5 . 0 0 
1L 6 . CO 5 . 70 5 . 80 4 . 5 0 4 . 7 C 4 . 6 0 4 . 0 0 4 . 7 0 4 . 3 0 5 . 2 0 
AP 0 . 8 0 0 . 5 0 0 . 7 0 . 0 . 6 0 0 . 5 0 0 . 6 0 0 . 5 0 0 . 5 0 0 . 6 0 0 . 7 0 
r I U . 1 U (Jo 1 (J ~~ — — — — — — _ 

2 6 . 9 1 7 . 8 1 9 . 8 2 3 . 1 2 3 . 5 2 2 . 2 1 9 . 7 1 9 . 5 2 2 . 9 2 4 . 1 

cn 
00 



TABLE A - 2 CIPW NOP MS AND D I F F E R E N T I A T I O N - I N D E X VALUES CF THE STUDIED THOLE I I T E S 

1 4 2 9 5 7 1 4 4 0 0 4 1 4 4 0 0 6 1 4 4 0 0 7 144008 144009 

- 0.40 C.60 - - -
cs 0 .70 1.10 

22 .90 
0.50 3.20 1. 10 1. 50 

Ab 19 .50 
1.10 

22 .90 2 0.20 19.00 22.10 21 .70 
AN 30 .50 29. 30 31 . CO 26.00 29 .70 29.90 
D i 22 .30 

14. EO 
19.60 18.30 24.60 20.00 20. 50 

HY 
22 .30 
14. EO 16.30 19.40 12.10 17.40 14.10 

2.60 QL 2 . 8 0 — — 3 . eo 0.30 
14.10 

2.60 MT 4 . 6 0 4 .80 4 .60 5.20 
5 .60 

4.60 4 .70 
I L 4. 10 5. 10 4.40 

5.20 
5 .60 4.20 4 .40 

AP . 0.50 0.60 0.60 0.50 0.60 0. 60 
FY — — - - — 

D . I . 2 0 . 2 24.4 21 .7 22.2 23.2 23.2 



TABLE A - 3 FACTOR SCORES FOR 86 THOLE I ITES(PROMAX OBLIQUE FACTOR MATRIX K M N=6) 

FACIOR 

143804 143305 143806 1 4 3 8 0 7 1438G8 143809 1 4 3 8 1 0 143814 143820 1 4 3 8 2 4 

- 1 . 4 1 - 0 . 3 2 - 1 . 4 1 - 0 . 2 8 - 1 . 6 4 1 .03 0 . 4 4 - 0 . 3 0 - 1 . 2 8 - 1 . 8 0 
- 1 . C 1 - 1 . 7 9 - C . 9 5 - 1 . 2 9 - 0 . 5 0 - 0 . 6 7 - 0 . 4 6 2 . 0 1 1 .60 1 .18 

0 . 2 6 0 . 0 3 0 . 4 4 - 0 . 2 0 1 .40 - C . 2 5 0 . C 7 1 .46 0 . 2 2 1.71 
- 0 . 9 6 - 1 . 5 0 - 0 . 8 7 - 1 . 3 4 - 0 . 4 0 - 0 . 3 3 - 0 . 7 5 0 . 4 6 1.18 1 .68 

1 . 7 8 - 1 . 2 5 - 2 . C 6 - 1 . 7 8 - 2 . 2 3 0 . 9 0 1 .28 0 . 7 1 0 . 0 6 1 .10 
- 2 . 2 3 - 2 . 1 4 - 0 . 9 9 - 0 . 2 4 - 1 . 1 2 G.42 0 . 8 1 - 0 . 0 3 - 0 . 2 9 3 . 2 5 

0 . 2 4 - 0 . 7 5 - 0 . C 7 - 0 . 4 7 1 .42 - 0 . 4 2 - 0 . 0 3 1 .70 0 . 6 3 1 .42 

CD 
O 



TABLE A - 3 FACTOR SCORES. FCR 86 THCLEI I TE S ( PRCPAX CBLICUE F ACT CR MATRIX KMIN = 6J 

1 4 2 8 2 5 1 4 3 8 2 7 143828 1 4 3 8 2 9 

FACTOR 

1 0 . 28 - 0 . 4 6 - 1 . 2 5 0 . 0 1 
2 1 . 9 1 3 . 2 0 1 .40 0 . 6 6 

2 . 2 0 2 . 3 8 1 . 7 2 0 . 0 7 
4 2 . 0 0 2 . 3 5 1 . 24 0 . 0 2 
—* 1 . 5 7 1 .90 0 . 8 3 - 1 . 1 9 

1.C8 - 0 . C 7 1 . 9 6 - 0 . 3 8 
t 2 . 4 3 2 . 7 3 1 .83 0 . 3 1 

143830 1 4 3 8 2 1 143832 1 4 3 8 3 7 143839 143840 

1 .20 0 . 5 0 0 . 5 6 - 0 . 3 9 - 0 . 3 3 - 0 . 5 5 
- 0 . 39 C. 17 0 . 1 0 - 0 . 5 5 - 0 . 0 2 - 0 . 2 0 
- 0 . 3 8 0 . 2 7 - 0 . 1 1 - 0 . 2 8 

0 . 7 8 
0 . 4 5 - 0 . 52 

- 0 . 92 - C . 6 6 - 0 . 6 4 
- 0 . 2 8 

0 . 7 8 1 .04 1 . 0 2 
0 . 5 5 0 . 7 3 0 . 3 7 - 0 . 0 1 - 1 . 5 4 1 . 2 7 
0 . 7 1 - 0 . 2 8 - 0 . 1 2 - 0 . 7 2 - 0 . 4 0 0 . 2 2 

- 0 . 4 7 - 0 . 16 - 0 . 1 5 - 0 . 4 6 - 0 . 0 9 - 0 . 3 3 



TABLE A - 3 FACTOR SCORES FOR 86 THOLE 11TES(PROM AX OBLIQUE FACTOR MATRIX KMIN = 6 ) 

FACTOR 

1 4 3 8 4 1 143842 143843 1 4 3 8 4 4 143845 143846 143E50 1 4 3 8 5 1 143852 143853 

1 - 2 - 4 0 - 0 . 4 2 - 1 . 18 - 2 . 0 3 0 . 2 1 - 0 . 17 - 0 . 6 6 - 0 . 3 8 - 0 . 2 4 - 1 . 4 1 
c 0 . 17 - 0 . 67 - 0 . 13 - 0 . 2 7 - 0 . 5 4 - 2 . 4 8 2 . 6 3 3 . 0 4 1 .26 1 .92 

0 . 7 2 - 1 . 3 8 0 . 12 - 0 . 31 C. 18 - 1 . 7 2 C . 4 2 0 . 6 6 0 . 2 3 1 . 8 1 
4 0 . 74 - 0 . 1 6 0 . 6 1 0 . 3 2 0 . 5 0 - 0 . 8 7 0 . 1 9 0 . 4 4 0 . 2 6 1 .62 
c - 0 . 4 1 0 . 9 1 - 0 . 58 - 0 . 25 - 0 . 5 C - 1 . 5 7 0 . 5 8 1 .50 0 . 5 6 0 . 3 7 
t - 0 . 8 2 0 . 3 5 - 1 . 4 6 - 0 . 5 7 - 0 . 3 8 - 0 . 5 7 - 0 . 1 2 0 . 58 - 0 . 3 9 - 0 . 6 3 
1 0 . 02 - 1 . 6 0 - 0 . 20 - 1 . C 7 0 . 4 9 - 1 . 4 5 0 . 7 4 0 . 3 6 0 . 8 3 2 . 4 0 

or 



TABLE A - 3 FACTOR SCORES FOR 86 THCLEI ITES(FRCMAX OBLIQUE FACTOR MATRIX K V I N = 6 ) 

142854 143E5S 143856 1 4 2 8 5 7 1 4 3 8 5 8 143859 1 4 3 8 6 0 1 4 3 8 6 2 142862 143864 

F A C 1 0 R 

1 - 0 . 2 1 0 . 3 8 0 . 4 0 0 . 57 C .93 C .78 0 . 1 7 0 . 2 2 - 0 . 1 2 0 . 6 6 
2 - 0 . 2 6 0 . 1 6 0 . 5 3 - 1 . 8 3 - 0 . 2 3 0 . 8 6 0 . 6 3 - 0 . 5 0 0 . 6 6 - 0 . 5 7 

- 0 . 9 1 - C . 9 9 - 0 . C7 - 1 . 4 5 - 0 . 3 7 - 0 . 2 1 - 0 . 8 7 - 0 . 6 8 - 0 . 1 6 - 0 . 8 0 
4 - 0 . 12 - 0 . 3 4 0 . 0 1 - 1 . G 3 - C . 17 - G . 16 

1 .67 
- C . l l 0 . 0 9 0 . 0 4 - 0 . 7 9 

c - 0 . 2 2 0 . 0 6 - 0 . 5 1 - 2 . 2 5 0 . 1 5 
- G . 16 

1 .67 - 0 . 0 6 - 0 . 5 8 1 .12 0 . C2 
6 - 0 . 15 - 0 . 3 5 0 . 78 - 1 . 35 

- 1 . 3 6 
0 . 4 4 0 . 4 6 0 . 4 6 0 . 0 1 - 0 . 0 6 = 0 . 1 7 

7 - 0 . 7 4 - 0 . 9 5 0 . 0 2 
- 1 . 35 
- 1 . 3 6 - 0 . 6 6 - 0 . 2 2 1 .02 - i . C l - C . 9 9 - 0 . 4 4 



TABLE A - 3 FACTOR SCORES FCR 86 THCLEIITES(PRC«AX Oei_ IQUE FACTOR MATRIX KMIN=6) 

fACTOR 
143865 143866 143868 143869 143870 143871 143872 143873 142876 143877 

~ 'I'll " 2 - 2 ? 2*22 9 * 9 8 ° - 9 5 1-22 1 . 0 5 0.77 - 0 . 6 0 
i S ' l ? ~ 2 ' 2 I ' 8 « 3 I - 0 . " -C . 4 C - 0.63 0 . 0 8 1 . 4 7 - 0 . 8 1 - o l l l 
1 0 - 5 3 - 0 . 5 8 - 0 . 4 0 0.90 1 .12 - 0 . 4 1 0 . 2 7 1 .16 - 0 . 0 1 o ! s 2 
i S * ! 6 . ° « 2 3 G » 6 9 ° « 6 2 0--21 -0-09 0 . 1 8 - 2.77 - 1 . 5 6 
! ~2'1?> ' 2 - ? t " P ' 8 6 ~ ° ' 6 2 - ° * 8 1 ! * 5 2 - 1 - f l O 0.39 1 .55 - 0 . 8 0 
t ~2 -=2 " 2«67 - 1.68 0 . 0 3 2 . 3 0 - 0 . 2 1 2 . 0 7 - 1 . 5 7 2^89 - 0 . 9 8 
i 0 . 2 0 - 0 . 2 9 - 0 . 7 4 l.*3 1 . 34 - 0 . 2 3 - 0 . 9 2 o l 2 4 - 0 . 8 5 1 .60 



TABLE A-3 FACTOR SCORES FOP 86 THOLE I ITES(PROMAX OBLIGLE FACTOR MATRIX KNIN=6) 

142878 143379 142880 1 4 3 8 8 1 143882 143885 143886 142887 142888 143889 
FACTOR 
1 2.49 0.14 C.57 G.80 0.78 0.28 0.12 -0.06 0.47 -1.14 
£ 0.14 -1.04 -1.00 0.17 - 0 . 6 1 0.91 0.26 - 0 . 8 1 -0.43 1.13 
•7 0.37 - 0 . 76 -0.75 1.08 -0.75 -0.09 -0.69 -2.68 -1.13 2.56 
4 -2-75 -3.27 -2.86 . -1.54 -2.03 C.18 -0.54 -0.22 -0.43 2.48 
5 0.54 -1.07 1.80 1.33 0.93 0.66 0.37 -0.68 -0.63 1.11 
£ 1.47 1.26 -G.48 2.51 -0.70 0.20 0.03 -0.22 1.30 -0.27 
7 1.C8 -0.76 -0.45 0.97 -0.88 -C.29 -0.S3 -1.03 -0.90 1.49 

CD 
f n 



TABLE A-3 FACTOR SCORES FCR 86 THCL EI ITES(PROMAX OBLIQUE FACTOR MATRIX K M N=6) 

143890 143891 143892 143893 
FACTOR 
1 0.65 0.44 - 0 . 0 1 0.27 
2 0. 10 -0.64 - 0 . 13 - 0 . 1 1 

- 0 . 44 -1.19 -0.60 - 1 . 17 
-0.07 4 0. 22 0.06 0.08 
- 1 . 17 
-0.07 

E 2. C2 0. 55 1. 44 0.98 
£ - 0 . 9 2 0.31 - 0 . 13 0.C9 

-0.93 -1.04 - 0 . 9 1 -1.26 

143894 143855 143896 143896 143898 143899 

- 0 . 4 1 -2.86 -0.36 -1.56 0.19 0. 53 
-0.72 1.24 -0.19 0.30 1.18 

1.49 
- 1.42 

-1.04 - 0 . 10 -0.G3 0.23 
1.18 
1.49 -0.10 

0.57 1.62 0.63 1.04 1.00 - 0 . 28 
-0.27 0.18 -0.79 -0.2 5 1.24 -2.22 
-C.04 -0.85 -0.56 -0.65 0.81 -0.74 
- 1 . 3 1 0.28 0.08 -0.06 2.17 0. 29 

CD 



TABLE A-3 FACTOR SCORES FCR 86 THCLEI ITES(PRCMAX OELICUE FACTOR MATRIX KMIN=6) 

142902 143903 143908 143909 
FACTOR 
1 1 . 17 2. 12 2.56 -0.90 
2 - 1 . 13 -1.00 -1.39 -C.75 

2o04 . 0.19 1.59 -0.66 
4 1-43 0.18 - 0 . C4 -0.C2 
5 1.25 0.15 -1.C6 0.02 
I 0.93 1.65 1. 59 -0.24 
1 1.62 0.59 0.75 -0.69 

143940 143941 143951 143952 143955 142956 

1.53 0.28 0.21 0.16 0.10 -0.35 
0.72 - 1 . 12 

-0.98 
-0.24 -0.08 -1.13 0.58 

0.54 
- 1 . 12 
-0.98 -1.70 -0.68 -1.26 0.72 

0.41 -0.66 -0.54 -0.19 -0.22 0.42 
0.73 -1.26 - 0 . 02 0.19 -1.25 0.93 
0.07 - 0 . 7 1 0.73 0.83 -0.59 

-0.68 
-0.29 
0.92 C. 89 -Q.64 -1.34 -1.06 

-0.59 
-0.68 

-0.29 
0.92 



TABLE A-3 FACTOR SCORES FOR 86 THOLE IITES(PROMAX OBLIQUE FACTOR MATRIX KMIN=6J 

143957 144004 144006 1440C7 144CC8 144CC9 
FACTOR 
1 0. 18 -0.08 -0.70 2.03 -0.66 -C.2S 
2 0-41 0.17 - 1 . 14 1.62 -0.68 -0.55 

-1.56 0.30 -0.40 1.23 -C.63 -C. 28 4 -0.30 0.59 0.79 1.21 0.10 0.78 
c 0.44 -0.22 - 0 . C6 0. 11 - 0 . 7 1 -G.01 
t 0.42 -0.88 -0.C5 1.C1 -0.37 -G.72 
1 -1.16 0.33 -0.44 1.19 -0.94 -0.46 

CD 
0 0 



TABLE *-4 ANALYSES OF PLAGICCLASES IN THE STUCIED THCLEIITES. 
HHENCCPYST AND M ICROPHENOCPYST COMPOSITIONS ARE INDICATES E V *.(SEE ALSO TABLE A-5 J 

1 4 2 8 0 5 * 1433C5* 1426C5 142805 143605 1428C6* 142806 143806 143814 143814 
WT. % 
5102 
1102 
AL2C3 
CR2C3 
FfcO 
MNG 
MGG 
CAC 
NA20 
|<>2G 
TOTAL 

51.24 
0. C4 

30.CO 
0.C2 
0.23 
0. 11 

14. 16 
3.26 
C. 11 

9 9 . 27 

51.67 
0.05 

29.34 
C. 57 
0.01 
0.10 

13.8* 
3.49 
0. 11 

99.20 

53. 19 
0.11 

28. 14 
0. 03 
1. C7 
0.03 
0. 11 

12.98 
4.27 
C. 17 

100.C9 

54.10 
0.26 

26.2 2 
0.01 
1.73 
0.02 
0.33 

12. 20 
4.44 
C.22 

99.56 

58. 57 
24.48 
1.29 
0.02 
9. 03 
6.28 
0.32 

100.00 
ATGHC PRCPCR'I ICNS CN THE BASIS OF 32 CXYGENS 
SI 
11 
AL 
CR 
FE 2 •* 
Mi\ 
MG 
CA 
NA 

9.392 
0.0C6 
6.485 
f i . nf 3 
0.051 
O.OCO 
C.021 
2.761 
1.193 
0.026 

9.488 
0.CC7 
6.355 
0.000 
0.C68 
0.C02 
0.C28 
2.722 
1.2^4 
0.027 

.692 

.015 

.C48 

.004 

.163 

. C C4 

.0 20 

.534 

.510 

.041 
INC MEMBER CCMPCSITITNS(MOL.%) 

OR 
AN 

29. £3 
0.64 

69.53 
31.15 
0.67 

6 8 . 18 
2 6.97 
l.CO 

62.03 

9.921 
0. C26 
5.673 
0.002 
0. 266 
C. CC2 
0. C91 
2.398 
1. 560 
0.052 

39.20 
1. 30 

59.50 
54.69 
1.67 

5G.76 
0.07 

3C. £2 
0.61 
0.10 

15.23 
2.95 
0.11 

100.65 

52.65 
0.07 

28.39 
1.52 
0.C1 
0.26 

12.63 
3.40 
0.16 

99.29 

53.54 
0.14 

28. 16 
1.07 
0.01 
0.20 

12.52 
4.24 
2.17 

100.C5 

25 .76 
C.61 

73.62 
32.45 
1 .00 

66.55 
37.59 
1.02 

61.39 

54.90 
0. 11 

27.49 
1.13 
0.02 
0.11 

11.40 
4.25 
0.29 

99.70 

29.54 
1.79 

56.67 

54.31 
0. 15 

23.01 
0.88 
0.02 
0. 19 

11.55 
4.59 
0.23 

99.92 

10.557 9. 225 9.664 9.737 9.968 9. 652 
C.000 0.010 0.010 0.020 0.015 C.G21 
5.203 6. 6C7 6. 135 6.04 1 5.887 5.9Q? 
U • U Uvj 0.000 O.OCO O.COO C.OGO 0. C C 0 
0. 195 0.093 0.233 0.162 0.172 0 .133 
0.000 0.000 0.002 0.002 0 .003 0.003 
0.QG5 0. 026 C.C72 

2.479 
0.054 0.030 0.051 

1.744 2.966 
C.C72 
2.479 2.429 2.218 2.245 

2. 197 1. C38 1.209 1.494 1 .495 1 . 163 
0.075 0.025 0.G27 0.040 0. G68 C.053 

41.25 
1.36 

57.39 

CD 
CO 



TABLE A-& ANALYSES OF PLAGIOCLASES IN THE STUDIED "THCLEIITES. 
PHtNOCF.YST ANC MIC P OPH EN CC FY S T CCMPCSITIGNS ARE INDICATED EY *.(SEE ALSO T A 6L E A-5) 

142814 143830 143830 1 4 3 8 3 1 * 1 4 3 8 2 1 * 143821 1 4 2 3 3 i 143821 142844* 142644* 
bT. i 
S102 
T I 0 2 
AL205 
CHiU3 
f t C 
MNO 
MGC 
CAC 
NA20 
K20 
TOTAL 

56. 15 
0. 14 

26. £2 
o . e 2 
0.C4 
0. 12 

10.46 
5.26 
0.22 

99.52 

5G.82 
0.13 

29.67 
0.88 
0.03 
0.21 

14.19 
3.58 
0.10 

99.60 

52. 44 
0. 17 

29.26 
2.07 
0.01 
C. 22 

11.76 
3.46 
0. 20 

95.58 

48.74 
0.C6 

31.41 
C.74 
0.G1 
0. 23 

15.67 
2.37 
0.G5 

55.29 
ATCMC PROPORTIONS CN ThE BASIS OF 32 OXYGENS 
SI 
T I 
AL 
f k 
f t2« 
MN 
Mo 
CA 
NA 
K 

10. 1 5 1 
0.019 
5.675 
c. np.fi 
C.124 
0.0 C6 
0.023 
2.025 
1.844 
0.073 

9.340 
0.G17 
6 .430 
0.124 
0.004 
0.G57 
2.794 
1 .276 
0.022 

.5£7 

.C24 

.3C8 

.216 

.001 

. C 59 

.304 

.225 

.047 
ENC MEMbER C0MPCSITICNS(fCL.%) 
Ao 
OK 
AN 

46.77 
1.E5 

51.28 
31.18 
0.55 

68.27 
34.27 
1.30 

64.43 

9.CG3 
G. CC9 
6.843 
r\ n r% t 
IS « IJ If 1 
0. 115 
0.001 
0. 063 
3. 102 
0.848 
0.012 

21.40 
0.30 

78.30 

50.34 
0. 06 

30.10 
0.67 
0.02 
C. 19 

15.14 
2.88 
0.10 

99.49 

25.43 
0.58 

73.95 

54.51 
0. 17 

26.59 
1. G4 
0.12 

11.54 
5. 19 
0.18 

95.72 

56 .70 
0. 20 

25.52 
1.70 
0.01 
0.12 

10.G8 
5.51 
0.24 

ICG.£8 

57.88 
0.24 

26. C4 
1.20 
0.02 
0.C9 
9.41 
5.52 
0.05 

100.87 

44. 40 
1.01 

54.59 
50.77 
1.24 

47 .88 
50.53 
1.72 

47.70 

46.50 
0.07 

32.57 
0.65 
0.01 
0.10 

17.02 
1.84 
0.0 5 

99.62 

16.28 
0.28 

83.44 

47.6 1 
0.08 

21.56 
0.6 5 
G.C1 
0.09 

1*.63 
2.01 
G.07 

99.15 

5.26C 9.524 1C.2C2 10.345 8.675 8.827 
0.008 0.023 0.027 0.022 0.010 G .011 6. 53C 
O.uuu 

5.8C2 5. 501 5.489 7.193 6 .996 6. 53C 
O.uuu 0.000 G . 0 0 0 G.OGG G.GCO C.CCO 
0. 1C3 0. 159 C.256 0.194 0.100 C. 107 
0.004 0.000 0.C01 0.002 0.C01 0.001 
0.053 0.033 0.022 0.022 0.029 0,021 
2.585 2. 252 1.543 1.803 3.375 3.30 8 
1 .026 1.822 2.060 1.911 0.659 C. 722 
0.C23 0.C42 0.054 0.065 0.011 C.G17 

17.86 
G.42 

81.72 

^3 

http://np.fi


TABLE A-4 ANALYSES OF PLAGIOCLASES IN THE STUCIEC TFCLEIITES. 
PHENCC FY S T ANC MICRCPF ENGCPYST COMPOSITIONS APE INDICATED E> *.(SEF_ ALSO TABLE A-5) 

142844* 143844 142844 142846* 143846* 143846 142846 143859* 143859* 143859* 
WT . | 
SI02 
11Q 2 
AL2C3 
CR2C3 
FEG 
Ml\C 
MGC 
CAC 
NA2C 
K2C 
TOT /L 

49.60 
C. C5 

31.27 
0.61 
C.C1 
0. C9 

15.13 
3. 16 
G. C7 

100.C9 

54.06 
0. 12 

28.09 
1.0 2 
0.02 
0. 11 

12.00 
4.44 
0. 26 

100.14 

54. E5 
G. C9 

27.68 
1.21 
0.C1 
C. 13 

10.76 
5.19 
0.25 

100.27 

4 9 . 2 1 
0.C6 

21.33 
0.54 
0.C2 
0.21 

15. £9 
2.68 
C.C7 

100.11 

52.02 
0.14 

29.02 
C. 86 
0.C8 
0.11 

12.68 
4.13 
0. 20 

ICC.24 
/TCMC PROPORTIONS CN THE BASIS CF 22 OXYGENS 
SI 
I I 
/L 
CK 
Ft2-» 
MN 
MG 
CA 
NA 

9.063 
G.GC7 
6.774 
COCO 
C.094 
C.0C2 
C.025 
2.968 
1.123 
0.016 

9.8G8 
0.017 
6.011 
0.000 
0.156 
0.003 
0.031 
2.223 
1.562 
0.059 

9.927 
C.C13 
5.9C7 0 .000 
0.199 
0.0C1 
0.024 
2.C66 
1.8 22 
0.058 

£NC MEMBER CO MPOS ITIONS(MOL.%) 
Ao 
Oh 
AN 

27.23 
0.29 

72.28 
39.50 
1.50 

59. 00 
4 5.c.5 
1. 45 

52.60 

9.038 
0, GC8 
6.773 
0.000 
0.C63 
0.0C3 
0.C57 
3.120 
0.951 
0.017 

23.26 
0.43 

76.31 
34.96 
1.C9 

63.95 

51.65 
0.14 

28. 28 
5.14 
0.C2 
0.25 

1 1 . 11 
3.67 
0.25 

ICC.5 1 

36.80 
1.62 

61.58 

52.42 
0.18 

27.65 
1 .38 
0.C2 
0.14 

12.43 
4.27 
0.28 

99. C 7 

47.29 
0.08 

32.74 
0.59 

16.81 
1.84 
0.04 

99 . 6 1 

28 .25 
1.59 

60 . 16 
16 .48 
0.21 

82.30 

50.04 
0.11 

31 .10 
0 .69 
0.18 

14.59 
2.94 
0.07 

99.73 

26.58 
0.39 

73.02 

50.49 
0.08 

30.81 
0.56 
0.01 
0.17 

14.70 
3.08 
0.06 

99.95 

9.494 9.507 9.699 8.750 9.168 9.227 
0.019 0.019 0.025 0.011 0.015 C.01C 
6. 247 6. 140 6. G58 7.130 6 .7? 1 ft -A4 1 
0.000 O.COO G.COO 0.000 0.000 C.GCG 
C.131 C.791 0.213 0.090 0. 106 0.085 
0.C12 G.0C3 0.0C5 0.000 0.000 C.001 
0.03C 0.C68 0.028 0.022 C.G5 0 C.046 
2.676 2.192 2.456 2.226 

0.658 
2 .665 2.679 

1.091 1.463 1.210 1. 562 
2.226 
0.658 1.043 

2.679 
1.091 

0.046 0.C58 0.065 0,008 0.015 0. 014 

27.28 
0.36 

72.26 



TABLE A-4 ANALYSES OF PLAGIOCLASES IN THE STUDIED THGLEIITES. 
PHENGCFYST AND MICPCPHENCCRYST COMPOSITIONS ARE INDICATED BY *.(SEE ALSC TABLE A-5) 

142859 143859 142868* 143868* 14387C* 14 36 70* 143870* 143870 143870 143870 
WTo * 
SI C2 
TIC2 
fil2Qi 
CK203 
PEG 
MNO 
MGU 
CAC 
NA2C 
K2C 
TOTAL 

5 1 . 67 
0. 12 

2 9 . C I 
0.97 
O.Cl 
0. 17 

13.22 
3.79 
0.10 

99. 26 

52.46 
0.14 

29.30 
1.03 
0. 15 

12.87 
3.71 
0.13 

99.80 

5 1 . 59 
0.12 

29.68 
Oo 76 
O.Cl 
0. C4 

13.45 
3.91 
0. 17 

99. 75 

53.61 
0.25 

29.23 
1.47 
0.02 

10.91 
3.99 
0.23 

99.91 
HQt-lC PROFOP'I ICNS ON THE EASIS OF 22 OXYGENS 
5 I 
T I 
IL 
CR 
FE2 • 
MN 
MG 
CA 
NA 
K 

9.527 
C.016 
6.264 
n .nro 
C^150 
O.0C1 
0.G47 
2.6C1 
1.350 
0.024 

9.564 
0.019 
6.300 
n. nnn 
«̂  O v-> w O 

0.158 
0.000 
0.0*1 
2.514 
1.312 
0.030 

.429 

.017 

.404 
n m 

.117 

.002 

.012 

.627 

.389 

.029 
END MEMBER CCMPCSITICNS(MOL.?) 
AtJ 
OR 
AN 

33.^6 
0.60 

6 5.44 
34.01 
0.79 

65.20 
3 4 . 16 
0.96 

64.88 

9.720 
0.024 
6.272 
o . o c o 
0.223 
0.003 
C.OGO 
2. 119 
1.403 
O.C75 

38.99 
2.10 

58.91 

50.29 
0. 11 

2 1.05 
0. 70 
0.01 
0.17 

14.20 
3.3C 
C.10 

99.94 

29.42 
0.60 

69. S8 

51.54 
0. 13 

29.S2 
C.69 
0.01 
0.16 

13.26 
4.11 
0.14 

100.06 

35.46 
0.80 

62.72 

51.C7 
0.13 

29. 7C 
0.52 
0.01 
0.15 

12.18 
4.31 
0. 14 

99 .20 

52.94 
0.14 

29.43 
0.90 
0.17 

12.61 
4.22 
0. 18 

100.«55 

52.12 
0.15 

29.00 
0.76 
0.03 
0.14 
12.15 
4.75 
0.07 

100.18 

26. £6 
o .eo 

62 .24 
37 . 3 1 
1.02 

61 .66 
41.26 
G.29 

58.35 

57.44 
0.12 

26.20 
0.85 
0.08 
8.42 
6 .29 
0.45 
.66 

9. 194 9.4G2 9 .396 9.577 9 .641 10.246 
0.016 0.G17 0.018 0.019 0.021 0.017 
6.697 6.427 6.445 6.280 6.207 5 . « f f-
U Q v. u u 
0.107 

C.000 C.000 0.000 0.000 6.000 U Q v. u u 
0.107 0. 105 G.G60 0. 135 0. 115 0. 128 
0.002 0.001 0.001 0. 00G 0.C04 C.COO 
0.046 0.045 G.041 0.046 0 .028 0.022 2.783 2.612 2. 5S8 2.445 2.363 1.624 
1.170 1.454 1.526 1.480 1.671 2.198 
C.C24 0.C23 0.023 0.040 0.016 0.102 

56.00 
2. 61 

4 1.28 



TABLE A -4 ANALYSES OF PLAGICCLASES IN THE STUCIEC T h C L E I I T E S . 
frHtNCCRYST AMD MICROPHENOCRYST CCMPCSITIQNS ARE INOICATEC EV *.<SEE ALSC TABLE A-5) 

143870 143370 143870 143870 143872* 143872* 143672* 143872* 143872* 143372* 
WT. i 
S IC2 
HQ* 
AL203 
CR203 
FcO 
MNu 
MGG 
CAC 
NA20 
K2G 
1CTAL 
ATCMC PROPORTIONS CN THE BASIS OF 22 COGENS 

59.40 
0. 15 

23.90 
57.23 
0.11 

24.49 
62.60 
0.08 

22.91 
61.90 
0.22 

23.20 
49.54 
0.07 

2 1 . C7 
51.67 
0.06 

29.91 
49.11 
0.06 

32.09 
5C.06 
0.09 

30.09 
51.40 
0.07 

29.84 
51.08 
0.08 

29 .37 
0.94 
0.01 
0. C6 
7.78 
6.68 
0. <2 

99.34 

1. 25 
o.Ti 
8.25 
7.23 
0.44 

9 9 . 1 1 

0.<7 
0.01 
0.02 
6.75 
6.87 
C. 58 

100.79 

1.17 
0.03 
0.04 
5.47 
7.62 
0.66 

100.22 

0.75 
0. 02 

15.21 
2.86 
0.03 

99.54 

1.25 
0.16 

13.65 
2.92 
0.C8 

99.11 

0.70 
0.C1 
0.14 

14. 13 
3.02 
0.09 

99.34 

0.65 
0-01 
0.18 

14.66 
2.13 
0.10 

98.96 

0.66 
0.02 
0.20 

14.19 
3.22 
0.09 

99.70 

0 .6 2 
0.02 
0. 16 

14.30 
3.41 
0.10 

99.67 

SI 
11 
AL 
r c 
f E2< 
MN 
MG 
CA 
NA 
K 

10.723 
C.020 
5.C69 
w . w w w 
0.142 
0.0C1 
0.016 
1.5C5 
2.328 
0.096 

10.448 
0.015 
5.272 
ft O 
0. 191 
0.000 
0.030 
1.613 
2.561 
0.102 

11 
C 
4 
n 
yj 
0 c 
0 
I 
2 
0 

.069 

. C 11 

.778 
n f\n . VJ Kt <J 
.144 
.CC1 
.0C5 
.279 
.25 4 
.122 

ENC McMBER COMPOSITICNS{MOL.%) 
Ab 
OR 
AN 

59. 25 
2.44 

38.21 
59.88 
2.40 

37.72 
62.53 
2. 50 

23.97 

11 . CG9 
C.C2 0 
4.86 7 
n n n r* U o UUU 0. 173 
0.0C5 
0.012 
1.042 
2. 628 
0. 150 

68.79 
3.93 

27.28 

9.117 
0.009 
6.744 

A it A 
U • >J O U 
C. 115 
0. 004 
C.COO 
2.999 
1. C20 
0.0C6 

25.35 
0.15 

74. 50 

9.268 
0.CC8 
6.496 
G .000 
0.192 
0.0G0 
0. C45 
2.722 
1. C44 
0. C2C 

27. 50 
0.52 

71.98 

9.021 
0.CC8 
6.960 
O.CGO 
C.1C8 
0. 001 
C. G40 
2.764 
1 . C77 
C.G21 

27.74 
0.55 

71.70 

9.254 
0.013 
6.560 
0.000 
0.100 
0.002 
0.Q48 
2.904 
1.122 
0.02 4 

27.7 1 
0.59 

71.7C 

9.402 
0.010 
6.436 
o.coo 
0.101 
0.GC4 
0.056 
2.761 
1 .141 
0. 022 

2e.S2 
0.56 

7 0 . 5 1 

9.259 
0.012 
6.455 
0.000 
0.C96 
C.C02 
G.050 
2.607 
1.2 12 
0.022 

20. GG 
0.58 

69.42 



TABLE A-4 ANALYSES OF PLAGIOCLASES IN THE STUDIED THCLEIITES. 
PrtENCCRYST AND MICROPHEKCCFYST COMPOSITIONS ARE INDICATED BY *.(SEE ALSO TABLE A-5) 

142872* 143872 143872 143872 143872 142873* 142873* 142673* 143873* 143673 
WT. % 
SID2 
11 G2 
f L203 
CR203 
f EG 
W\iC 
MGG 
CAC 
NA20 
K20 
TOTAL 

53.22 
0. 10 

28.18 
0.64 
0.C2 
O.Cl 

12.55 
3.92 
0.C7 

9 9 . 50 

51.31 
0.15 

30. 16 
C.65 
0.14 

14.oe 
3.12 
0. C7 

99.68 

55.42 
C. 22 

26.75 
C. 61 
0.C4 
0.C7 

10.69 
5.82 
C. 31 

100.13 

60.88 
0. 10 

25.27 
0.64 
0.02 
7.28 
6.33 
C.46 

100.57 

61.82 
0.26 

22.43 
1.11 
0.07 
5.47 
7.61 
0.67 

99.45 
ATCMC PRGPCRTICf^S ON TFE BASIS OF 32 COGENS 
SI 
Tl 
A L 
CR 
FE2* 
MN 
MG 
CA 
NA 
K 

9.711 
0.014 
6.065 
0.0 CO 
0.127 
0.0C2 
0. 167 
2.453 
1.388 
0.016 

9.377 
0.02C 
6.500 0.000 
0.099 
0.000 
0. 038 
2.757 
1 . 106 
0.017 

10.041 
0.030 
5.718 
C.000 
C. 123 
0.0 C6 
0.019 
2.C75 
2.045 
C C 7 2 

ENC MtHbER COMPCSITIONStMOL.?) 
Ao 
AN 

35.58 
0.43 

63.59 
2 8 . 5 1 
0.44 

71.05 
48. 78 
1.72 

49.50 

1C.740 
0.013 
5.258 
0.000 
C.C54 
O.0C4 
0. 000 
1. 275 
2.164 
0.1G4 

59.29 
2.66 

37.74 

11 .C67 
0.035 
4. 745 
0.000 
0. 167 
0.000 
0. 019 
1. C50 
2.645 
0.154 

68.72 
4.00 

27.29 

48.65 
C.C7 

31.64 
C.55 
C. CI 
0.14 

15.43 
2.40 
0.C7 

5 8.97 

9.001 
0.009 
6.9 04 
0.000 
0.065 
0. GC2 
0.029 
3.C58 
0.662 
0.017 

21.90 
0.43 

77.67 

49.10 
0.05 

21.35 
0.62 
0.G2 
0.15 

15.25 
2.57 
0.06 

99 . 16 

9.062 
0.007 
o.ooo 
0.096 
G.CC3 
0.042 
3.016 
0.5 18 
0.014 

22 .26 
0.26 

76.28 

50.52 
0.09 

30.C8 
0.59 
0.19 

14.39 
2.21 
0.09 

99.27 

9.3C0 
0.012 
6*528 
0.000 
0.091 
O.CCO 
0.052 
2.837 
1.183 
0.021 

29.27 
G.52 

70.21 

5G.59 
0.08 

30.44 
0.67 
0.01 
0.18 

13.98 
3.41 
0.10 

99.46 

5.286 
0.011 
f t . i o n 
o l c c o 
0.103 
0.002 
0.049 
2.749 
1.214 
0.023 

20.44 
0.59 

6e.57 

54.64 
0.12 

27.41 
0.82 
0.1C 

10.88 
5.55 
0.22 

99.76 

9.536 
C.C16 
0 . 0 G 0 
0. 126 
0.000 
0.C26 
2.120 
1.557 
0.052 

47.25 
1.27 

51.34 



TABLE A-4 ANALYSES CF PLAGIOCLASES IN THE STUDIED THCL EI ITE S• 
PHcNUCRYST AND MICROPHENCCRYST COMPOSITIONS ARE INDICATED EY * . ( S E E ALSG TABLE A-5) 

142873 143873 143873 142878 143878 142878 143879* 143879* 142879* 142679* 
WT. % 
SI 0 2 
1102 
AL2C3 
CR2C3 
PEG 
MNO 
NC-G 
CAO 
NA20 
K2C 
TOTAL 
ATCML PROPORTIONS 0,' 

56.67 
0.13 

26. 51 
60. 20 
0.13 

22. 64 
60. C7 
0. 14 

22. 11 
52.60 
0.22 

29.10 
54.80 
C. 13 

27.20 
55.86 
0. 14 

26.58 
50.98 
0.C6 

30.60 
50.95 
0.10 

30.55 
51.64 
0.10 

20. i e 
51.7C 
0.12 
29 .se 

0. 63 
0.C2 
9. 11 
5.88 
0.30 

99.47 

1.95 
0.01 
0.05 
6.62 
7.41 
0.46 

99.67 

1.98 
0. 15 
6.50 
£.63 
0. 39 

99.97 

1.65 
0.55 

12.73 
3. 40 
0.14 

100.39 

1.07 
0. 15 

11.81 
4.43 
0.19 

99.78 

0.91 
0.C8 

11.39 
5.26 
0.25 

100.57 

0.55 
0.02 
0.19 

14.49 
2.53 
0.09 

99.5 2 

0.53 
0.03 
0.02 

14.47 
2.93 
0.10 

99.68 

0.56 
0.01 
0.19 

14.00 
3.18 
0.09 

99.94 

0.55 
0.01 
0.19 

14. 18 
3.49 
0.09 

100.2 1 
a H i 10 OF \t GXYbtNb 

SI 10.255 1C.86 5 10.864 
0.019 

9. 550 9.958 
TI 0.018 0.017 

10.864 
0.019 0.020 0.017 

AL 5.658 4.863 4.717 6.232 5.829 
1* O.OCO 0.000 0.000 o.nnn n.non 
f E2-* 0. 1 26 0.295 0.299 6.251 6 I l 6 3 
NN O.OCO 0.001 O.OCO O.OCO COCO 
MG C.0C6 0.014 0.041 0.148 0.041 
CA 1.7(7 

2.065 
1.261 1.259 2.477 2.200 NA 

1.7(7 
2.065 2.592 3.025 1. 196 1. 561 

K 0.070 0.105 0.090 0.031 0.043 
ENC MEMBER CCf P C S I T IONS(MOL.*i 
AB 
OK 
AN 

52.92 
1. 60 

45.28 
65.16 
2.64 

32.20 
69. 16 
2.06 

28.78 
32.28 
0.85 

66.67 
39.99 
1.11 

58.90 

1C.C76 
0.019 
5.654 
O.CCC 
0.137 
O.OCO 
0.022 
2.201 
1.875 
0.058 

45. 35 
1.41 

53.23 

9.222 
0.0C9 
6.600 
r /» n 

V, • V, V- <J 
0.G64 
0.003 
0.053 
2.839 
0. 896 
0.022 

23.64 
0.58 

75.58 

9.316 
0.014 
6.589 0.000 
0.G81 
0.005 
0. 004 
2.835 
1. C38 
0.023 

26.64 
0.59 

72.77 

9.404 
0.013 
6.482 
o.cco 
0.085 
0.001 
0.052 
2.732 
1.122 
0.022 

28.94 
0.56 

70.50 

9.400 
0.C16 
6.429 
0.000 
0. C62 
0.001 
0.053 
2.762 
1.230 
C.C22 

30.65 
0. 55 

68.80 



TABLE A-4 ANALYSES OF PLAGIOCLASES I N THE STUDIED THCLEIITES. 
PHENGCRYST AMD MICROPHENOCRYST COMPOSITIONS ARE INDICATED BY *.(SEE ALSO TABLE A-5) 

1 4 2 8 7 9 . 143879 143879 143889 143889 143889 143902* 143902* 143902* 144008* 
WTo % 
S1Q2 
T I 0 2 
AL2Q3 
CR203 
FEO 
MlNiC 
MGO 
CAQ 
hA2Q 
K2C 
TOTAL 

51.84 
0. 10 

29.20 
0.51 
0. 22 

13.29 
3.40 
0.13 

9 9 . 19 

50.60 
G.76 

29.57 
1.95 
0.06 
0.C6 

13.12 
3.76 
0. 12 

100.02 

53.49 
C. 16 

28.34 
0.55 
0.02 
0. 13 

11.81 
4.36 
G. 19 

95.44 

56.20 
0.14 

26.80 
0.55 
0.18 

10.55 
4.10 
0.22 

99.26 

57.84 59.37 51.92 
0.09 

51.02 50.57 48.36 
0.10 0.12 

51.92 
0.09 0.12 0.11 

30.03 
0.06 

26.66 24. 10 29.50 30.C4 
0.11 

30.03 21.66 
— - 0.01 0.01 0.02 

C.74 1.48 0.61 0.72 0.71 0.72 
— — — — — 0.03 

0.03 0.36 0.19 0.20 0.20 G . l l 
9.95 8.69 14. 14 14.42 14.65 15.81 
4.33 5.67 2.62 3.06 2.21 2.25 
C.39 0.51 0.12 0.10 0.11 

100.01 
0.09 

100.05 IOC.51 99.21 99.69 
0.11 

100.01 99.14 
A T u r i C PROPORTIONS ON THE BASIS OF 22 OYGEI^S 
SI 9.512 9.293 9.761 10. 1E4 
11 0.014 0.105 0.021 0.019 
AL 6.342 6.4C6 6. ICO 5.728 
CR 

6.342 
n.nnn n . n r a 

« • V -T 
0.145 

n rtnn 
\j . \j \ j o FE2 + 0.129 0.300 

n . n r a 
« • V -T 
0.145 

0.144 
MN 0.000 0.009 0.0C3 O.GGO 
MG 0.061 0.018 0.035 0.C5O 
CA 2.614 2. 582 2.2C9 2.C49 
NA 1.2C9 1.341 1.541 1.442 

0.074 0.051 0.031 0.045 
1.442 
0.074 

ENC MEMBER COMPOSITIONS(MOL.%) 
A6 
OR 
AN 

31.28 
0. 80 

67.82 
33.91 
0.77 

6 5 . 3 1 
39.57 
1 . 15 

59.28 
40.44 
2.C7 

57.48 

1C.352 
0.013 
5.628 
n A n n 
<J . 0 V \J 
0.111 
C.GCC 
0. 009 
1.909 
1. 504 
0.090 

42.94 
2.56 

54. 50 

10.634 
0-.016 
5.091 
rt r\ r* r\ U c U l U 0.221 
O.CCO 
0.057 
1.669 
2. C29 
0.115 

53.34 
3.02 

43.64 

9.5C7 9.343 9.319 8.953 
0.013 0.016 0.015 C.008 
6.371 6 .488 6.475 6.913 0. GG1 
0.054 

0. 002 0.004 0.000 0. GG1 
0.054 0.111 0. 108 C. 112 
0.000 0.000 0.000 0.005 
C.C52 0.C54 0.054 

2.870 
0.C31 

2.775 2.830 
0.054 
2.870 2 .127 

G.521 1.C86 1.137 0.821 
0.C27 0.023 0.025 G. 021 

24.52 
0.74 

74.33 
27.56 
0.59 

71.85 
28.19 
0.63 

71.18 
20.62 
0.52 

78.84 



TABLE A-4 ANALYSES OF PLAGIOCLASES IN THE STUDIED T H C L E I I I F S . 
PHENOCRYST ANT MI CROPHENCCPYST COMPOSITIONS ARE INDICATED EY *.(SEE ALSO TABLE A-5) 

144C08* 144CG3* 1440C8* 1440C8 
WT. t 

51 C 2 
11C 2 
/L2 03 
CR203 
f EC 
MNG 
MGG 
CAC 
NA2 0 
K2C 
TOTAL 

48. 59 
0. 12 

31.27 
0„€7 
0.C1 

15.52 
2.92 
0.C8 

99.48 

50.89 
C.C8 

28.66 
1.66 
0.05 
0. 14 

14.22 
4.08 
0.12 

9 9 . 9 1 

52.54 
G. 11 

28.57 
C.E6 
0.G1 
3.26 
3.93 
G. 16 

99.45 

1 

52.33 
0. 15 

28.58 
1. 18 
0.02 
0.12 

12.20 
4.44 
0. 15 

100.16 
ATOPIC PROPORTIONS ON THE BASIS GF 22 OXYGENS 
SI 
1 I 
AL 
r o 
f E 2-» 
MN 
MG 
CA 
NA 
K 

8.9E2 
C.C17 
6 . 8 4 0 
n nr n 
C.125 
0.OC1 
O.OCO 
3.073 
1.045 
0.019 

9.384 
0.011 
6.233 
0.000 
0.257 
0.008 
0.029 
2.810 
1.459 
0.029 

.627 

.015 

.175 
« 

• u uu 
.12 1 
.002 
.CCO 
.6C2 
.397 
.C28 

ENC MEMBER COMPOS ITICNS(MOL.%) 
AB 
OR 
AN 

25.27 
0.46 

74.27 
33.94 
0.67 

65.38 
34.59 
0.95 

64.45 

9.560 
C.020 
6. 158 
0.000 
C. 1E0 
0.003 
0.C22 
2.5E5 
1 .573 
0.C24 

27.5 2 
0.51 

61 .66 

^3 



TABLE A-5. ANALYSES OF A EIG PLAGICCLASE CRYSTAL(5 X 18 MM) FRCM CORE(A) TO R I M ( N ) . 

H 
WT. % 
SIQ2 
1102 
AL203 
CR203 
FEO 
MiMO 
MGu 
CAU 
NA20 
K20 
TOTAL 

51.17 
0. C6 
2.58 
0.C1 
0.54 
0.12 

14. 27 
3.25 
0. 11 

99.43 

53.86 
0.11 

28.35 
0.02 
0.60 
0.15 

12.55 
2.24 
0.14 

9 9 . 4 1 

52.48 
0.C8 

28.79 
0.61 
0. 18 

12.89 
4. C6 
0.15 

59.23 

52.53 
0.09 

26. 57 
0.01 
0.65 
0.01 
0. 14 

12.88 
4.00 
0.14 

99. C3 
/TQMIC PRCPGRTICNS ON THE BASIS OF 32 OXYGENS 
SI 9.369 9.799 9.617 9.645 
T i 0.008 0. 015 0.011 0.013 
AL 6.449 6.083 6.221 6. 167 

O.COl CR 0.0Q2 0*002 O.CCO 
6. 167 
O.COl 

FE2* C.Cc-3 0.091 C.C53 n. i nn 
MN 0.000 0.000 O.OCO 0.002 
MG 0.022 0.040 0.048 0.038 
CA 2.824 2.524 

1.143 
2.531 
1.443 

2.533 
NA 1.155 

2.524 
1.143 

2.531 
1.443 1.425 

K 0.026 0.032 0.025 O.C32 
ENC MEMBER COPPOSITIONS(MOL.%) 
AD 
OR 
AN 

28.83 
0.66 

7 0 . 5 1 
3C.89 
0.87 

68.24 
35.59 
0.e9 

6 3 . 12 
35.71 
C. 79 

63.49 

52.64 
0.09 

25. 15 
0.01 
0.53 

52.42 
0.09 

29. 03 
0.54 

52.88 
0.C7 

29.02 
0.56 

50.67 
0.07 

30.80 
0. 55 

52.62 
0.07 

28.76 
1.04 

53.17 
0.C5 

29.51 
0.01 
0.58 

C. 15 
13.30 
3.12 
0.13 

55. 11 

0. 16 
13.11 
3.73 
0.14 

99.23 

0.13 
12.78 
4.12 
0.11 

59.67 

0.16 
14.79 
3.13 
0.09 

100.26 

0.29 
12.00 
3.49 
0.12 

99.40 

0.14 
13.24 
4.02 
0. 12 

ICO. 88 

9.625 5. 558 5.635 9.236 9.626 9. 583 0.012 0.012 0.009 0.009 G.010 0. 012 
6.286 6.268 6.236 6.620 6.205 6. 272 
c.ooi 0 . 0 C G 0.000 0. 000 

0'. G 8 5 
0.000 0. C01 n . n g i n not 

\ j . yj _ 

0.000 
n not w . u u u 

0. 000 
0'. G 8 5 0.159 0 a 0S8 C. COO 

n not 
\ j . yj _ 

0.000 G.COO O.OOG 0.000 0. 000 
0.040 0.044 0.027 0.043 0.079 

2.548 
1.239 

0. G28 
2.606 2.571 2.455 2.889 

0.079 
2.548 
1.239 2 . 556 1 . 1C6 1.224 1.455 

0.025 
1.107 

0.079 
2.548 
1.239 1. 409 

0.C3G 0.032 
1.455 
0.025 0. 020 0. C29 G. 028 

29.55 
C.81 

65.64 
3 3 . 7 1 
G.82 

65.46 
26.60 
0.62 

62.77 
27.56 
0.50 

71.54 
22.48 
0.75 

66.77 
25. 28 
0.71 

£4.00 



TABLE A-5. ANALYSES OF A EIG PLAGIOCLASE CRYSTAL<5 X 18 HM) FPCM COFE(A) TO RIM(N) 

M N 
WT. % 
S1G2 53.20 53.06 53.27 51.99 
TIO* 0.10 0.C8 0.11 0.12 
AL203 29.22 29.30 28.99 28.78 
CR203 0.C2 0.02 0.01 
F EG 0. 56 0. 58 C.*4 C.58 
MNC -
MGG 0.13 0.14 0.13 0.14 
C AG 12. 22 13. 56 12. 15 1 2.42 
NA20 3.62 3.44 3.23 3.99 
K20 0.11 0.12 0.12 0.09 
TOTAL 100.20 100.29 99.75 99.12 
ATOMIC PROPORTIONS GN THE BASIS OF 32 OXYGENS 
SI 9.643 9.607 9.678 9.557 

0.016 11 0.013 0.011 0.015 
9.557 
0.016 

AL 6.224 6.257 6.211 6.239 
CR 0.0C3 

0.0E5 
0.0G3 0.GC2 C.GCO 

FE2-* 
0.0C3 
0.0E5 n.DA7 n . r c 7 0.CS9 

0.000 MN O.OCO 0.000 0.000 
0.CS9 
0.000 

MG 0.025 0.029 0.C26 0. G29 
LA 2.564 2.631 2.560 2.644 
NA 1.271 1.207 1 .175 1.423 
K 0.026 0.027 0.C27 0. C22 
£NC MEMBER CC.NPOSI T T CNS ( MOL . % ) 
At 22.92 31.23 21.23 3 4 . 8 1 
OK 0.68 0.71 0.72 0.54 
AN 66.29 63.06 68.C5 64.66 

CO 



TABLE A-6. ANALYSES OF PYROXENES IN THE STUDIED T H C L E I M E S . 
PHENCCRYST ANC NICROFHENCC RYST CCMPCSITICNS £R E INDICATED EY * 

143805 1428C5 142805 142806 1426C6 142806 142814 143ei4 1'3814 142830 
WT .a 
S i C 2 51.75 51.27 5C.22 51.57 50.61 
U C 2 0.99 1.C4 C.98 1.12 1. C6 
AL2C3 2. 12 2. 18 2.00 2.19 2.01 
CK2C3 0. 11 C . l l G.C4 0.13 0.12 
FEC 10.93 10.99 15.28 10.96 11.C6 
MNC 0. 19 0.22 0.32 0.20 0.26 
MGG 15.18 

18.95 14. ee 12.61 15. C5 15.01 
19. 17 CAC 

15.18 
18.95 18.82 17. 13 

0.24 
18.67 

15.01 
19. 17 

NA2C 0. 25 0.22 
17. 13 
0.24 0.23 

100. 12 
0.21 

1CTAL ICO.46 99.74 99.91 
0.23 

100. 12 99. 52 
6 OXYGENS 

S I 
I I 
A L 
C R 
F c. 
Mi* 
MG 
CA 
N A 

1.924 
C.028 
0.093 
0.OC3 
C.340 
0.006 
0.8^1 
C.755 
0.018 

1.922 
0. 029 
0.G96 
0.003 
C.245 
O.0C7 
0.821 
0.756 
0.016 

1.915 
C.028 
C.C9C 
0.0 GI 
C. 4E6 
0.010 
0.772 
0.699 
0. C 1 7 

ENC MEMBER CCMFOSITIONS(MOL.%) 
F S 

WG 

17.56 
43.44 
39.CO 

17.83 
43.02 
29. 12 

24. 86 
39.45 
25. 69 

1.924 
0.031 
0.096 
o. n r u 
G.242 
0.CC6 
0.62 6 
0.746 
C.C17 

17. 76 
43.46 
36.77 

1.908 
0.030 
C.C89 
n . nr L 

C l 3 4 9 
C.CC6 
C.E43 
C.775 
C.015 

17.74 
42.87 
29.29 

50.91 
1.C8 
2 • C2 
0.C7 

12. 57 
0.27 

14.25 
18. 45 
0.21 

99.63 

1.9C2 
0.021 
0.C9C 
0.CG2 
0.397 
C.CC9 
c . e c i 
0.746 
0.016 

2C.41 
4 1.22 
38.27 

51.88 
1 .25 
2.48 
0.01 
9.91 
0.02 

14.88 
18.57 
0.11 

99.11 

1.9 39 
0 .025 C . 1C9 
r e- r- rs 1 a V. V. U 
0.210 
C. CC1 
C. 629 
0.744 
0.008 

16.45 
44 .04 
29.51 

51 .CE 
1.53 
3.78 
0.11 
9.68 

14.25 
16.76 
0.20 

99.50 

1.903 
0.043 
0.166 
U . U U 3 
0.201 
O.OCC 
0.791 
0.749 
0.021 

16 .37 
4 2.96 
40.67 

5C.56 
1.32 
2.51 
0.27 
9.53 
0.25 

15 .20 
19.47 
0.23 

99.33 

1 .899 
0.027 
0.111 
0.008 
0 .299 
0.008 
0.851 
G. 783 
0.016 

15.48 
44.00 
40 .52 

49. 20 
1.84 
3.33 
0. C4 

12.12 
0.24 

14 .26 
18 .28 
0. 24 

99.66 

1.861 
0.052 
C. 149 
G.G01 
0.282 
0.008 
0.804 
C. 741 
0.025 

19.88 
41.68 
28.44 

00 



TABLE A-6. ANALYSES OF PYROXENES IN THE STUDIED T HQL E I IT F S • 
PHENCCRYST ANC MICROPHENOCRYST CCMPCSITIGNS ARE INDICATED BY * 

142820 1426:1* 142821* 142821 14362 1 1 4 2 6 4 4 143844 143844 143846 142846 

S I 0 2 
1102 
A L 2 0 J 
C S 2 0 3 
FtC 
MKO 
MGu 
C A O 
N A 2 U 
1LTAL 

49.60 
1.41 
2.20 

14. E5 
0.25 

13. 69 
16.72 
0.27 

99. 29 

52.00 
0.77 
1.92 
0.38 
7.44 
0. 14 

15.98 
2C.6 1 
0.23 

99.49 

50.42 
1.11 
2. C4 
0.25 
8.67 
C. 19 

15.48 
19. 71 
0.25 

99. 12 

51.91 
0.72 
1.68 
0.23 
8.08 
0. 19 

16.C7 
20.C4 
0.29 

99.52 
iMiC PROPORTIONS CN THE BASIS OF 6 CXlGENS 

S I 
11 
A L 
CR 
f t 
MN 
MG 
C A 
NA 

1.8?8 
0.041 
0.104 
COCO 
0.475 
0.011 
0.761 
0.686 
0. 028 

1.932 
0 . 0 2 2 
0.085 
0.011 
0.231 
0.004 
C . 8 6 5 
0.820 
0.016 

1, 
C. 
0 a, c 

890 
,C21 
,125 
, C C7 
• 272 

0.0G6 
C . 6 C 5 
0.792 
C.G18 

END MEMbER CCMPOS ITIONS(MCL.%) 
F3 
EN 
WO 

24.47 
40. 21 
35. 22 

11.94 
45.69 
42. 26 

14.C9 
44.65 
41.C5 

1 .921 
C. C20 
0.G63 
n. m n 
C. 2 f 1 
0.C06 
C.691 
C.799 
0.021 

12.^5 
45.90 
41.15 

5 1. 8C 49.38 5C. 38 51.61 51.27 51.06 
0.96 2. 14 0. 80 0.67 0.97 1.15 
1.58 2.CI 1. 78 1.72 2.41 2.72 

— — — — 0.25 0.27 12.24 
0. 25 

10. C8 13 . 54 15.21 9.54 11.25 12.24 
0. 25 C. 3C 0. 36 0.35 0.18 0.21 

15.01 12.40 14. 81 12.90 14.95 14.45 
17.97 21.59 17. 25 17.07 19.86 18 .62 C.3C C. 22 0. 11 C.31 0.29 0=33 

100.12 100.22 9 9 . 26 100. C3 99.82 ICO.11 

1 .940 1.659 1 .9 16 1.955 1.918 1.910 0.C27 
C.C70 

0.060 0.023 0.025 0.027 0.02 2 0.C27 
C.C70 0. 124 c . c e o 0.C77 

f\ A A A ' J . <J U U 
0.106 0.120 n. nnn O.CCO 

0.217 
n n r\ *\ 
\J . U \J\J 

0.C77 
f\ A A A ' J . <J U U 0.007 0. C 0 6 

C. 3£3 
O.CCO 
0.217 C.431 0.482 0.298 0.352 

0.008 0.010 C.012 0.011 G.C06 0.C07 C.838 
0.72 1 

0.752 0.8 40 0.728 0.831 C .805 C.838 
0.72 1 C.671 C. 7C7 C.693 0.794 0.746 
0 .022 0 .C24 0 .024 0.C22 0.021 0 . C 2 4 

19.74 
42.13 
27. 13 

16.2 5 
38.76 
44.88 

21. 78 
42.46 
25.76 

25.32 
28.27 
36.41 

15.46 
42.23 
41.30 

18.48 
42.31 
39.21 



TABLE A-6. ANALYSES OF PYFCXENES IN THE STUCIFC T h O L E I I T E S . 
PhENCCRYST ANC M ICROPHENOCPYST COMPOSITIONS ARE INDICATED eY * 

142846 142S59* 142859* 142859 143659 142659 14385? 14385*5 143859 143868* 
Wl .1 
S IG2: 50.26 51.58 51. 55 

0.74 
2.91 

51.52 52.10 n o ; 1. 21 1.69 
C.7C 

51. 55 
0.74 
2.91 

0.82 1.03 AL2 02 
1. 21 1.69 2.^4 

51. 55 
0.74 
2.91 3.C2 2. 24 

CK203 G. C4 0.21 0.26 0.27 0.11 
HQ l f c . 14 7 . t l 7.5 4 7.79 9.83 
MNL 0.27 0.16 0. 17 0.17 G.21 
MGC 12. 59 15.75 

20.30 
15. 58 15.67 15.07 

CAC 17.23 
15.75 
20.30 2 0. 16 19.72 19.38 

NA2L 0. 22 0.26 0.27 0.22 0.24 
TOT tL 100.00 99.01 99. 18 99. 20 ICC.2C 
ATCMC ?RCFCKTICf>S CN TrE 6*515 C F 6 CXYGENS 
51 
11 
AL 
CK 
f c 
MN 
MC-
C A 
N A 

1.925 
0.025 
0.076 
C.CC1 
0.5 16 
0.012 
0.717 
C.712 
0.016 

1.925 
C.02G 0.1C8 
0.006 
G. 237 
0.0C5 
0.876 
0.812 
0.C19 

1. 
0. 
c . 
0 . 
c . 
0. 
0. 
0. 
c . 

919 
021 
128 
235 
0C5 
8f 4 
£C4 
C19 

fcNL McKdER CCfPCSITI0NS(MGL.2) 
f S 
EN 
WO 

26.53 
36.£7 
26.60 

12.32 
45.50 
42. 17 

12.22 
45.41 
42. It 

1.915 
0.023 
0. 122 
n - r. r. n 
C^242 
0.0C5 
C.6£8 
0.786 
0.C22 

12.78 
45.79 
41.43 

1.933 
0 .029 
C.C98 
0.003 
0.3G5 
0 .006 
C.622 
0.771 
C. G17 

15.98 
43.65 
40. 37 

51. 17 
1 .13 
1.E4 

13.G4 
C. 29 

13.14 
16. 13 
0.3 2 

99. C5 

1.946 
0.022 
0.C82 
0.000 
0.415 
0.CC9 
C.745 
0.729 
0.023 

21.65 
39.22 
38.92 

C5 
19 
50 

12.41 
C.21 

13.71 
17.69 
0.22 

99.38 

22. C6 
40.21 
37.72 

5G.ec 
l.C-7 
1.61 
G.02 

13.98 
0.30 

12 .29 
18.21 
0.28 

99.56 

22.92 
36. 63 
38.25 

5C.84 
0.94 
1.89 

16 .84 
C.40 

12.22 
15.64 
0.26 

99.04 

28.70 
27.14 
24 .16 

52.83 
0. 5£ 
2 .04 
0.14 
8.86 
Or.2'1 
16.57 
18.55 
0. 27 

100.01 

1.94C 1.934 1.954 1.948 
0.024 0.02G 0.027 C. G 1 5 
C.C6 7 
r r\ r\ r\ V. o U UU 

0.072 0.086 0.088 C.C6 7 
r r\ r\ r\ V. o U UU 0. Qui G. 000 0.C04 
0.426 0.445 0.541 

G.013 
0.7G1 

C.273 
0.006 C.GIO O.CIC 

0.541 
G.013 
0.7G1 

C.273 
0.006 

C. 776 0.754 
0.541 
G.013 
0.7G1 0.911 

C.728 0. 742 0.644 C . 72 3 
C.C24 0.021 0.019 0.019 

14.26 
47.50 
28.24 

00 
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TABLE A-6. ANALYSES OF PYROXENES IN THE STUHIEC t h o L F I I T E S . 
PHtNCCRYST AMC MICROPHENCCRYST COMPOSITIONS A R E INDICATED EY * 

14286.8* 143868 14 2868 142866 142868 143668 143668 143868 142870* 143870* 

SIG2 52.22 51.19 5 1.72 50.20 5C.99 51.C5 52.00 50.42 51.47 50.90 
1IC 2 0. 74 1.10 1. 04 1.69 0.93 1.21 0 .67 0.90 0.99 1.2 1 
AL2U5 3.20 2.42 1.72 2.96 1. 89 2.11 1.24 1 .88 1.96 1 .82 
CR2G3 0.21 0.06 0.11 

10. 57 
0.11 - — C.01 0.01 

14.92 
0.22 0.G4 

f tO 8.62 9.56 
0.11 

10. 57 10.65 13.66 13.96 15.26 0.01 
14.92 8.96 11. 26 

MNC 0.21 0.21 0.25 0.21 0.2 2 G.28 0. 29 0.35 0.17 0.25 
MGG 15. 46 15.41 15.33 13.68 14.38 13.56 14.48 12.52 15.29 14.74 
CAu 19.54 19.44 19. 22 20.24 16. 74 17.42 15.63 16 .71 20.24 19.05 
NA20 0.27 0.26 

99.66 
0.25 0.36 0.34 0.25 C. 22 

100. 11 
0.42 0.28 0.27 

TOTAL 100.58 
0.26 

99.66 100.25 100.19 99.26 99.96 
C. 22 

100. 11 99.15 99.78 99 .54 
ZTf Ml, PFCFCRUCNS CN Ti-E EASIS CF 6 CXYGENS 
51 1 .919 1.912 1.928 1.8e4 1.935 1.929 
l i C.020 0.031 0.029 0.048 0.G27 0.C24 
AL 0 .14 3 C. 1C 7 0. C 7 6 0.121 G.C65 0.094 
CK 0.006 0.002 0.0C2 0.CT3 C . GQC 0*0C0 
rc 0. Zi 5 C.299 0.3 20 0.234 0.434 0.44 1 
MIS 0.0C6 0.CC7 G.GC8 0. CC7 C. 010 C.CC9 
MG C.846 0.858 0.852 0.765 0.813 0.764 
LA 0.769 C.778 0.768 C.618 0.681 C.705 
NA 0.019 0.019 C.018 0.026 0.025 0.C25 
ENC MEMBER CCf'PCSIT IONS (NGL .% ) 
FS 
tN 
WU 

14.C9 
45.00 
40. 91 

15.44 
4 4.35 
40.22 

16.91 
43.69 
39.40 

17.44 
39.90 
42.66 

22. 50 
42.18 
35.32 

23.C8 
4C.CC 
36 .92 

1.960 
0.025 
0.055 
f\ ft f:f\ 
\J m \i U U 
0.481 
C.C13 
C .E14 
0.621 
0 .016 

24.97 
42. 24 
22.78 

1 .929 
0.026 
0.085 
r\ 
U s U L l j 
0.476 
0.011 
0.772 
0.685 
0.021 

24.70 
39. 69 
35.41 

1.920 
0. C28 
0 .086 
G .010 
0.260 
0 .005 
0. 656 
C.809 
0 .020 

14.38 
44.01 
41.61 

1.919 
C. C24 
0.081 
0.001 
C . " c c 

0.008 
C.828 
C .77C 
C . G 2 G 

18.15 
42.41 
29.42 



TABLE A-6. ANALYSES CF PYROXENES IN THE STUDIEC T H O L E I I T E S . 
PHENOCRYST AMD MICROPHENOCRYST COMPOSITIONS ARE IISCIfATED 5Y * 

142870* 14267C 142670 142872* 143872* 142872 142872* 14287Z* 142872 142672 
WT.* 

49.57 50. 15 5C.91 5T. 4 2 5C.98 
T1G2 2.C5 1.45 0.63 1.C2 1.10 
AL2C3 2. £8 2.28 1.36 2.44 2.94 
C*2C3 0. 16 0.02 — 0. 17 0.26 
FtG 10. 92 14.08 17.38 8.13 8.22 
MNC 0.23 0. 21 C.42 0. 10 0.16 
MGC 13.70 13.14 12.61 15.75 15.82 
CAC 20. G8 1 8. 75 16.41 20.23 19.81 
NA2Q 0.29 

ICC.68 
0.35 0. 27 0.27 C. 20 1GTAL 

0.29 
ICC.68 100.52 100.18 99.63 99.59 

ATCMC PROPORTIONS GN TrE BASIS OF 6 OXYGEriS 
SI 
T 1 
AL 
CR 
fE 
MiN 
MO 
CA 
NA 

1.8 54 
0.057 
0*162 
0.0C5 
0.2 4 2 
C.CC7 
C.763 
0.804 
C.021 

1.897 
0.041 
0.101 
0.001 
C.445 
0.010 
0.7<1 
0.760 
0.026 

1.946 
C.C24 
0.061 
0.000 c •c e c 

0.013 
C. 7 18 
0.672 
0.020 

ENC MtiVB EP C O N P O S I T I O N S ( M O L ) 
FS 
EiM 
WU 

17. 89 
39. 9 7 
42. 13 

22.89 
28.06 
39.05 

28.55 
36.91 
34.53 

1.913 
0.C29 
0.1C7 
n . n n 5 
61 2 53 
0.CC3 
C.873 
0.610 
0.020 

13.06 
45 .09 
4 1.65 

13.3 1 
45.62 
41.C7 

49.'8 
0.97 
1.99 
C. 12 
9.78 
0.22 
16.20 
19.95 
C.2 4 

99.55 

15. 19 
45.11 
39. 7C 

50.48 
1.C7 
1 .81 
0.01 

12.47 
0.29 
13.64 
19.08 
C . U 

99 . 17 

49.16 
1.23 
2.00 

15.72 
0.33 

12.23 
18.26 
0.23 

99. 16 

20. 25 
40.05 
39.70 

25.81 
35.78 
38.41 

51.01 
1.05 
2.40 
0.20 
6.11 
0.15 

15.79 
20.05 
0.29 

99. C5 

13.09 
45.42 
41.49 

51.10 
1.0 5 
2.81 
0.20 
8.12 

15.62 
20.46 
0.33 

99.69 

1 .89 7 1.882 1.921 1.901 1.909 1.901 
C.G21 0.C27 0.021 0.036 0.020 C .C29 
0. 129 . 0.C68 o. c e i 

0.000 
0.C91 G. 106 0.123 0.007 n n n J. 

U . V \J 1 
o. c e i 
0.000 0 .0 0 C 0 .006 0.0G6 C. 256 

0.00 5 
0.2C8 C.397 0.508 0 .254 C. 252 C. 256 

0.00 5 0.CC7 C.CC9 0.011 0.G05 C.COO 
C.877 0.914 C .78 5 

0. 778 
0.70 5 
C.757 

0 .681 C .666 C.79C C.EC5 
0.018 

C .78 5 
0. 778 

0.70 5 
C.757 C.804 0.815 0.022 

C.EC5 
0.018 0.0C8 0.017 0 .021 0.C24 

13.06 
44.76 
4 2. 16 

GO 



TABLE A-6. ANALYSES OF PYROXENES IN THE STUDIED T H O I E I I T E S . 
PHENCCPYST AND M ICROPHENOCFYST CO^FCSITICNS ARE INDICATED BY * 

142.173* 143873 
WT .% 
S1G2 
1 iOi. 
A L 2 0 3 
CR203 
FcO 
HNL 
MbC 
CAO 
NA2Q 
TCT/L 

5C.67 
1. 12 
3.23 
G. 18 
9.C7 
0.24 

14. £1 
19.44 
0. 29 

99.17 
A i u r M i v . r n u r u r . U L I ^ J 

S I 
11 
AL 
CR 
FE 
Mf\ 
HG 
CA 
NA 

1 . 9 0 0 
0.O32 
0.1'2 
0.0C5 
C.264 
O.OCB 
C.828 
C.761 
C.C29 

50.ee 
1. 19 
1.53 

12.92 
13.60 
18.76 
0.22 

9 9.C9 

143873 

49. 60 
1. 13 
1.58 

16.62 
0.46 

11. 92 
17.04 
0.25 

99. Gl 

143373 

50.67 
C.72 
1.11 
0.01 

22.20 
0.64 

11.30 
12.14 
0.29 

ICC.69 

142878 

49.25 
2. G6 
3. 57 
0.23 

11. 19 
C.24 

14.22 
16.25 
0.25 

99. 36 
ON THE BASIS OF 6 CXYC-ENS 

tisi: KEMoEP CCNPCSIT ICNS (MOL ) 
FS 
EM 
WO 

15.C2 
4 3 . 71 
41. 26 

21.12 
39.60 
29.26 

26. 1G 
35. 46 
36.44 

27. C4 
33.59 
29.37 

18.64 
42.20 
29.16 

142878 

50.97 
1.26 
1. 78 
0.C6 

12.62 
0.26 

15.59 
16. 24 
0.15 

99.24 

1.927 1.920 1. 9 « 0 1.66C 1.925 
0.034 0.033 0.021 0.059 0.026 C.069 0.072 C.C50 0. 159 0.G79 

0 . 0 C 2 o.nnn 0 *0G0 0.000 r» n n 7 
0.G79 
0 . 0 C 2 0.411 0.545 0.715 0.353 0.405 

0.000 0.015 0. 2C9 G.CC8 0.CC8 
0.771 0.668 0.649 G.800 0. 877 C.765 C.7C7 C. 567 

0.C21 
C.743 0.661 

Q.C16 0.019 
C. 567 
0.C21 C.C18 0.011 

2G. 85 
45. 12 
34.02 

142678 

49.28 
1 .68 
2.95 
0.16 

15.C5 
0.24 

11 .7 4 
18. 14 
0.26 

99.71 

25.42 
25.22 
29 .25 

143279 

5 2. CC 
0.96 
2.35 
0.40 
8.19 
0. 16 

16.22 
19. 02 
0.12 

99 .44 

13.31 
47.G4 
39.65 

143879 

51.25 
0 .89 
2.00 
0.28 
8 .45 
0. 18 

16.42 
19.49 
0.27 

99 .33 

13 .47 
46.70 
29 .82 

143879 

50.46 
1.12 
1 .63 

15.65 
0-.34 
14.2 1 
15 .30 
0.36 

99 .30 

1.690 1.929 1.914 1.929 
0.G48 0.027 0.025 G.G22 
0. 133 0.103 0 .088 0.073 
0. C C5 0 . C i 2 0.011 C.000 
0.482 0.254 0.264 C. 50 6 
0.011 0.005 0.006 0.011 
0.670 0. 897 G.914 C. 6G9 
0.744 0.756 0.76 0 C.6 2 6 
0.019 O.G09 0 .019 G . 0 2 7 

26 .06 
41.67 

00 
CJ1 
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TABLE A-6. ANALYSES OF PYFCXENES IN THE STUCIED T H O L E I I T E S . 
PHcNOCRYST AMC MICROPHENOCFYST CC«PCSITICNS £2E INDICATED BY * 

142889 142899 142899 142899 144CC8 144006 144008 
W7.4 
S I C i 49. 11 51. 19 5C.49 
TIG2 1.47 1.31 1.C4 
AL2C3 2. 79 2.20 1.87 
CH203 0.C5 0.07 0.C2 
FEC 12. 13 12.43 13.36 
MNC 0.25 0. 26 0. 2E 
MGL 13.62 13.91 13.43 
CAO 19. CI 18.69 18.57 
NA2C 0.25 0.27 0. 2 1 
TOTAL 99. 29 100.35 99.29 
A TC MI C PROPGF. TT C;\ S ON THE n a r » f **• 

O v I C K. 

5C.29 
0.96 
1.29 
0.C6 

17.25 
C.41 

11.99 
17.27 
0.20 

99.84 
CXYGEKS 

51.20 l.CO 50.44 50.18 51.20 l.CO 0.92 1.11 
2.16 2.29 1 .50 
C. 19 C. 16 — 

10.39 10.60 12.54 
0. 20 0.23 C.28 

15.24 14.54 
20.C6 

14.28 
16.91 

14.54 
20.C6 17.49 

C. 25 C.22 0.28 
99.64 99.57 98.76 

SI 
I I 
AL 
CR 
Ft 
m 
Mb 
CA 
NA 

1.868 
0.042 
0.125 
0.GC1 
0. 3 t b 
0.0C8 
0.771 
0.774 
0.026 

1.920 
0.037 
0.097 
0.002 
C.39C 
0.008 
0.777 
0.751 
0.020 

1.924 1.929 1.919 1. 9 C 2 1.921 
0.020 0.C26 C.C2S 0.C26 0.032 
0.084 0.C58 

0 -OH? C.C95 
0.005 

0. 1C2 0. C68 
0.C01 

0.C58 
0 -OH? C.C95 

0.005 0.005 O.COO 
C . 4 2 6 C. 555 C.226 

0.006 
0.234 0.423 

0.0C9 0.013 
C.226 
0.006 0.CC7 0.CC9 

C.763 0.687 0.351 C.817 0.821 
0.758 0.712 C.759 c e i l C.717 
0.0 16 0.015 0.026 0.023 0.C21 

ENC MEMBER CC^POS ITIONS(MOL.%) 
FS 
EN 
WO 

19. 96 
29. 94 
40. C9 

20.32 
40.5 2 
29.16 

21.88 
39. 18 
38.94 

28.40 
25. 17 
36.43 

16.53 
4 2.96 
29.21 

17.04 
41.64 
41.22 

21 .99 
41.62 
26 .29 



TABLE A-7. ANALYSES OF CLIVINE IN THE STUCIED T H Q L F I I T E S . MICRQPHENGCRYSTS ARE INCICATEC BY * 

142902* 1429G2* 1429C2* 143902* 1439C2* 1439C2* 143831 143831 
WT.3 
SIG2 
11G2 
AL2C3 
CR2C3 
FfcC 
Mi\C 
MGC 
C A G 
NIC 
TGTAL 

38. 66 
0.C4 
0.C8 
O.Cl 

21.28 
0.31 

38. 69 
0.40 
0.22 

iOO.19 

38.87 
0.04 
0.C8 
0.03 

21.91 
0.31 

38.28 
0.34 
0. 16 

100.02 

38.93 
0.04 
C. 15 
0.C4 

21.77 
0.32 

37.70 
C.42 
0.21 

99.57 

28.62 
0.01 
C.C8 
0.04 

22.52 
0.22 

37.57 
0.37 
0.21 

99.94 
/TCMC PPCPGPTICNS GN TFE BASIS OF 4 CXYGENS 
<: I I I 
A L 
CR 
FE2 + 
Mn 
HG 
CA 
Nl 

0.0 
0.0 
0 .0 
0.5 
0.0 
1.5 
0.0 
0.0 

0.0 
0.0 
0.0 
0.5 
0.0 
1.5 
0. c 
0.0 

i l U 
C O 
C O 
C O 
0.5 
C O 
1 .5 
0.0 
C O 

END MEMBER CCMPCSITIONS (PGL.?) 
F A 
FG 

23.57 
76.43 

24.21 
75.69 

24.47 
75.53 

1.0 
0.0 
C O 
C C 
0.5 
Ci. n 
1.5 
0.0 
C O 

25.18 
74.82 

2 e . 86 3 e . 3 8 35.82 
0.08 

36.95 
0.08 0.09 

35.82 
0.08 0.02 

0.C8 - 0.C9 0.06 
C.03 C. G3 - 0.01 22.62 22.94 26.29 29.51 
C 3 3 C 20 C 4 8 C.4G 

27.25 37.41 26 .45 33.02 
C.4C 0.42 C 4 6 

0.15 
0.34 

0.17 0. 18 
C 4 6 
0.15 0.11 

99.83 99.78 99.82 100.42 

1.0 
0.0 
0.0 
c . c 
0.5 
0.0 
1.4 
0.0 
C.C 

25.41 
74.59 

1.0 
C O 
0.0 
C O 
0.5 
0.0 
1.5 
0.0 
C O 

25.60 
74.40 

1 .0 
C G 
0.0 
0.0 
0.9 
u .u 
1.1 
0.0 
C O 

43.50 
56.50 

1 .0 
0. C 
0.0 
0.0 
0. 7 
0.0 
1.3 
C O 
0.0 

33.39 
66.61 



TABLE A-8. ANALYSES OF T I TA MF ERQUS MAGNET IT E S IN THE STLDIEC THOLE I IT E S 

142806 1438C6 142314 142814 
WT.S 
SIG2 0.27 0.20 C. 15 0.22 

24.41 22.79 25.51 24.88 
AL203 1.E2 2.42 1.76 1. 55 
CR203 C.C4 0.51 

69.50 
^ . - J 0.C6 

FEO 69. 15 
0.51 

69.50 68. 6 2 69.55 
MNC 0.41 0.38 C.49 C.E6 
MGG 1. 28 1.04 0.61 0.31 
CAC 0.C6 0.C1 C. 1C 0.10 
TOTAL 97.55 96.86 97.20 97.53 
PEC/LCULATEC ANALYSES 
SIG2 0. 27 0.20 0.15 0.22 
1 I C 2 24.41 22.79 25.21 24.88 
AL2Q3 1..83 2.43 1.76 1.55 
CK203 0.C4 0.51 0.C5 0.C6 
FE203 19.13 20.99 17.24 18.51 
F E G 51. 94 50.61 53.23 53.07 
MNC 0.<1 0.28 C.49 C.E6 
MGC 1.28 1.04 0.61 0.21 
CAO 0.C6 0.01 C I O C.10 
TOTAL 99.47 98.96 99.G4 99.36 
ATOMIC PRCPCRTCNS ON THE EASIS CF 22 CXYGENS 
SI 0.110 0.060 G.C*5 C.C64 
TI 5.425 5.103 5.690 5.595 
AL 0.673 0.852 0.619 0.547 
CR 0.CC9 0.119 C.C12 0.014 
FE2« 4.261 4.702 2.9C0 4.120 
FE2« 12.E60 12.602 12.2C6 13.272 
MN 0.1C4 0.096 0.122 C.218 
MG 0.562 0.461 C.272 C.127 
CA 0.020 0.004 0.C23 C.022 

143814 143820 143830 

C.6 7 C. 27 0.46 
25.54 27.20 26.51 

2.14 1. 5C 2.C2 
26.51 
2.14 

0.06 C. 13 C.16 
69.10 67.00 65.79 
C.54 
0.45 

C.96 
1.27 

1. 16 
1.22 

0.22 0.20 0.16 
97.38 99. 25 97.70 

0.67 0.27 0.46 
25.54 27.20 26.51 
1.50 2.02 2.14 
0.06 0.12 0.16 
16.6 2 14. 26 14.20 
54.14 54.08 53.01 
C.54 0.96 1.16 
0.45 1.27 1.32 
0.22 0.20 0.16 

99.54 100.68 99.12 

C.200 0.1C7 0.136 
5.669 5.957 5.£94 
0.525 0.694 C.745 
C.C14 C.C20 0.C26 
2.723 2.146 2.159 

12.467 12.172 12.106 
C.125 0.226 0.291 
C.198 0.593 C.5e4 
0.C68 0.C64 C.C5C 

143844 143873 143E73 

C.50 0.13 0.31 
21.42 2 4.90 25. 10 
2.12 1 .66 2.08 
0.11 0.04 G.0 8 

70.80 69.28 67.£4 
1.C1 0.50 0.44 
0.54 C.85 1.41 
0.13 0.03 0.02 

97.7C 97.40 97.28 

0.50 0.13 0.21 
21.42 24.90 25 .10 
2.12 1.66 2.08 
0.11 0.04 O.G£ 

23.48 1 ft-1;? 
49.6£ 5 2.57 l2~. 21 
1 .01 0 .50 

C.85 
0.44 

0. 54 
0 .50 
C.85 1.41 

0.13 
9e.98 

0.03 0.02 0.13 
9e.98 99.26 99. G2 

0.15G 
4.820 

0.028 G.C91 0.15G 
4.820 5.582 5.599 
C.747 C.584 C. 727 
0.025 0.010 0.C19 
5.2E7 4. 165 3.875 

12.422 13.106 
1.126 

12.949 
0.257 

13.106 
1.126 G.110 

0.241 0.380 0.622 
C.007 0.041 0.009 
0.622 
C.007 



TABLE A-8. ANALYSES OF TI TANIFEROUS MAGNETITES IN THE S T t C I E C T H G L E I I T E S 

144008 144CQ8 
WT.S 
S I C 2 0.47 0.58 
1102 24. £0 25.69 
AL2 03 1.96 1.41 
CP2U3 0.26 0.19 
FtO 68.30 67.34 
MNO 0.69 1.C8 
MGC 1.96 1.51 
CAG 0. 13 C. 17 
1CT/L 98 .27 97.97 
RECALCULATED ANALYSES 
S102 0.47 0.58 
1102 24.50 25.69 
fL2Q3 1.96 1.41 
CR203 0.26 0. 19 
Ffc20i 19.22 16.79 
FEu 51.00 52.23 
MNQ C.69 1.G8 
MGC 1.96 1.51 
LAQ 0.13 0.17 
TOTAL 100.21 99.64 
ATCMIC PFCPOPTGNS ON THE EASIS OF 22 OXYGENS 
S I C.127 0.170 
TI 5.361 5.699 
AL C.676 0.490 
CR 0.0*1 0.044 
Ffc3+ 4.226 3.727 
FE2-* 12.455 12.GE4 
MiN 0.172 0.269 
MG G.852 0.662 
CA C.040 C.C54 

Oo CO 



TABLE A-9. ANALYSES OF ILMENITES IN THE STUDIED THOLEI ITE'S 

1428C6 1428C6 142814 143814 
Hi .% 
S I C * 0.23 0.50 C.21 C.69 
7IG2 50. 16 

0.22 
49.85 50. 10 50.15 

Ai_ 202 
50. 16 
0.22 0. 25 0.12 0.17 

CR203 - — - 0.01 FcC 46. 63 47.14 47.58 46.40 
MNO 0.44 0.42 0.69 0.45 
MoC 1.40 0.63 0.59 C.56 
CAC 0. C3 0. 22 0. 24 0.23 
TLT/L 99.26 99.00 99.43 98.66 
F-tC ALCUL AT ED ANALYSES 
«j i u t> 0.23 0.50 0.21 VJ « o -J 

1102 5C. 16 49.85 50.10 50 .15 
AL203 0.22 0.25 

0.00 
0. 12 0. 17 

CR203 0. CO 
0.25 
0.00 0.00 0.01 

FE203 4. 64 3.92 4. 69 2.48 
f EO 42.45 43.60 43. 35 44.17 
MUG 0. 44 0.42 0.69 0.45 
MGC 1.40 0.63 C. 59 0. 56 
C AG 0. C8 0.22 0.24 0.23 

98.91 107 AL 99. 72 99.40 99.43 
0.23 

98.91 
AT CM G FQFKUL'A CU THE BASIS OF 6 OXYGENS 
SI 0.016 0.025 0.015 

1.892 
0.C35 

1i 1.869 1.892 
0.015 
1.892 1.912 

AL 0.013 0.015 0.CC7 0.010 
CR — - - 0.001 
Ft 2-» G . 175 0. 149 G.178 0. C95 F c 2 * 1. 778 1.341 1.821 1.873 

0.019 Mi\ 0.018 0.018 0.029 
1.873 
0.019 

MG 0.1C5 0.047 0.044 0.C4 2 CA 0.0C4 0.012 0.012 0.013 

143820 142820 143831 

C.64 C.23 0.32 
49.16 49.98 48. 22 
0.39 0.03 0.42 
0.11 C.C8 0.14 

47.12 47.51 
0.68 

46.70 
0.64 

47.51 
0.68 0.65 

0.51 - 2.28 
0.34 0.24 0.23 

99.20 98.91 98.75 
0.23 

99.20 

0.64 C.22 
49.98 

C.22 
49.16 

C.22 
49.98 48.22 

0.39 C. C3 0.43 
0.11 
4*60 

0.C8 0.14 0.11 
4*60 3.65 8.94 

42.98 44. ? ? 
0.64 0.68 6.65 C.51 C.00 2.38 
0.34 0. 24 0.23 

99.37 99. 11 100.09 

0.032 Q.C12 C.C16 
1.867 1 .916 1.602 
C. C23 C.0C2 0.025 
0.004 0.003 0.CC6 
0. 175 0.140 0.333 
1.815 1. 665 1.6 03 
0.027 0.029 0.027 
C. C39 - 0. 176 

0.G12 0.018 0.013 
0. 176 
0.G12 

1^3821 143846 143846 

0.32 C.52 0.44 
46.42 49.71 

0.23 
48. 83 

0.35 
49.71 
0.23 0.22 

G.09 
47.04 

0.11 0.11 
45.93 

G.09 
47.04 44.91 

0.11 
45.93 

0.53 0.54 0.54 
1.54 
0.10 

2.21 2.11 1.54 
0.10 "C.22 0.16 

98.38 98.46 93.36 

0.32 0.52 0.44 
48.42 49.71 48. 83 
0.35 0.23 0.23 
C. 09 0. 11 

4.85 
0. 11 

7.26 
0. 11 
4.85 5.68 
&. n _ «; *; 39,92 

6.52 C.54 
2.21 

0. 54 
1.54 

C.54 
2.21 2.11 

0. 10 0.23 0.16 
99 .10 98.94 99.03 

0.C16 0.026 0.022 
1.835 1.873 1.842 
0.021 0.014 0.014 
0.003 0.004 0.G04 
0.275 0.163 C.252 
1.707 1.700 1.675 
0.022 0.C23 0.022 
0.115 0.165 C.158 
0.0C5 0.012 0.009 



TABLE A-9. ANALYSES O c ILWENITES IN THE STUDIED T H C L E I I T E S 

143870 143870 142870 143872 143879 142679 144008 144CC8 
WT . * 
SI 0 2 0. 23 0.55 0.39 0.25 

5 0.94 
0.09 0.C4 0 .60 0.36 

50.30 T I 0 2 49. 11 49.9 7 49. 17 
0.25 

5 0.94 49.6C 
0.09 

49.90 49 .78 
0.36 

50.30 AL203 0.2? 0.27 0.25 0.C5 
49.6C 
0.09 0.C6 C.29 0.35 

Cis20i C. 14 0.09 0. 10 - 0.01 0.02 0.12 0.09 
FtO 47.11 45.96 47. 45 47.C7 47. 81 4 7 . 6 4 45.44 44.70 
MNG C. £6 0.59 0.60 0.60 0.39 0.42 • 0. 50 0. 63 
HGG 1.79 1.52 1.2 0 C.73 1.40 0.91 2.11 2.0? 
LAG 0. 15 0. 17 0.15 0.C6 0.01 C. CI C.20 0.33 
TOTAL 99. 70 99.17 99.41 99 .70 99.40 98.99 99.04 98.78 
RECALCULATED ANALYSES 

n - ? f\ cc; \d . C.29 
49. 17 

n -> c 
«- . C J u • v.'9 0 .04 0 .60 0.26 

f 102 49^11 49.97 
C.29 

49. 17 50.94 49.60 49.9C 49 .18 5G.30 
AL2 03 0.22 0.27 0.25 0.05 0.09 0.C6 0 .29 

.12 
0.25 

CR203 0. 14 0.09 0. 10 0.00 C.01 0.02 0 
.29 
.12 0.09 

FE2G3 7.57 4.37 6. 53 6.67 5.30 4 .11 4.11 
FEG 40. 20 42.03 41. 58 44.12 41.80 42.87 A 1 .00 u \ .nn 
MNC 0. £6 0.i>9 0.60 0.60 0. 39 0.42 

0.91 
C .50 C.63 MGO 1.79 

0.15 
1.53 1.20 0.73 1.40 

0.42 
0.91 2 .11 2.02 

CAQ 
1.79 
0.15 0.17 0. 15 0.06 0.01 0.01 0 .20 0.33 

TOTAL ICC . 4 6 99.61 100.06 100.03 100.07 99.52 99 . 20 99.20 
ATOMIC FGRNUI. A CN THE GASIS OF 6 OXYGENS 
SI 0.016 0.028 0.019 0.013 0.004 0 .002 0.020 
T i 1.823 1.880 1.848 1.924 i • e f. 7 1.895 1.866 
AL C.013 0.016 

G.0G4 
0.015 0.003 0.005 0.0G4 0.017 

CR . 0.0C5 
0.016 
G.0G4 0.CC4 - - 0.001 0.CC5 

FE3 * C.2E3 0.164 0.245 
1 .738 

0. 124 0.251 0.2C1 G. 166 
FE2 + 1.673 

0.034 
1.758 

0.245 
1 .738 1 .853 I .750 1.810 1 .7C7 

MN 
1.673 
0.034 C.02 5 0. 026 0.C25 C. CI 6 0.C18 0.C21 

MG 0.123 0. 114 0.C96 C.C55 C.105 0.C68 0. 157 
CA C.0C8 0.011 0.0C8 O.003 0.001 - 0.C11 

0.018 
1.892 
0.021 
0.004 
0.155 
1.715 
0.027 
0.150 
0. 018 

CD 


