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

F o l l o w i n g  t h e  S u r t s e y  e r u p t i o n  i t  was t h o u g h t  d e s i r a b l e  t o  

c a r r y  o u t  a  c o m p a r a t i v e  s t u d y  o f  t h e  geo logy  and p e t r o l o g y  o f  t h e  

Vestmann I s l a n d s  a l o n g  w i t h  the:youngest member o f  t h i s  g roup  o f  

i s l a n d s ,  S u r t s e y .  

T h i s  i n v e s t i g a t i o n  is  b a s e d  on f i e l d w o r k  by t h e  a u t h o r  i n  t h e  

summers o f  1966  and 1967.  L a b o r a t o r y  work was c a r r i e d  o u t  i n  t h e  

G e o l o g i c a l  and M i n e r a l o g i c a l  I n s t i t u t e  o f  t h e  U n i v e r s i t y  o f  Copen- 

hagen .  The work is s t i l l  i n  p r o g r e s s ;  t h i s  r e p o r t  o n l y  b e i n g  a  

summary a t  t h e  p r e s e n t  s t a g e  o f  t h e  s t u d y .  

Summary 

The Vestmann I s l a n d s  - were  formed i n  submar ine  e r u p t i o n s  by 

t h e  same mechanism a s  s e e n  i n  t h e  S u r t s e y  e r u p t i o n .  An e x c e p t i o n  is 

t h e  n o r t h e r n  p a r t  o f  Heimaey, wh ich  i n  p a r t  migh t  b e  s u b g l a c i a l .  

The age  o f  t h e  t h r e e  b i g g e s t  i s l a n d s ,  Heimaey ( e x c e p t  t h e  n o r t h e r n  

p a r t ) ,  E l l i d a e y  and B j a r n a r e y  i s  5-6000 y . b . p .  The numerous s t e e p  

p e a k s  on t h e  sea-bot tom west o f  t h e  i s l a n d s  a r e  p r o b a b l y  a l l  r e c e n t  

c r a t e r s .  

Bo th  t h e  c h e m i s t r y  and t h e  m i n e r a l o g y  o f  t h e  r o c k s  show, t h a t  

t h e  Vestmann I s l a n d s ,  i n c l u d i n g  S u r t s e y ,  a r e  made up o f  t y p i c a l  

a l k a l n e  o l i v i n e  b a s a l t s ,  comparab le  t o  t h e  alkaline b a s a l t s  of  Hawaii .  

The a n a l y s e s  o f  t h e  l a v a s  f a l l  i n t o  two d i s t i n c t  b u t  c l o s e l y  r e -  

l a t e d  g r o u p s .  I n  t h e  H e l g a f e l l  l a v a  s m a l l  n e p h e l i n e - b e a r i n g  r e s i d u a l  

p o c k e t s  a r e  common. The K l i f i d  i n t r u s i o n  h a s  d e v e l o p e d  s e g r e g a t i o n  

v e i n s  o f  b a s a n i t i c  c o m p o s i t i o n .  

G e n e r a l  g e o l o g y  

The s t r a t i g r a p h y  o f  t h e  Vestmann I s l a n d s  is r a t h e r  s t r a i g h t -  



fo rward  w i t h  t h e  e x c e p t i o n  o f  t h e  n o r t h e r n m o s t  p a r t  o f  Heimaey 

( H e i m a k l e t t u r  f o r m a t i o n ,  c f .  t h e  g e o l o g i c a l  map F i g .  1 ) .  The i s l a n d s  

*re b u i l t  up by t h e  same mechanism of  submar ine  e r u p t i o n s  a s  s e e n  

i n  t h e  S u r t s e y  e r u p t i o n s  1963-67. The e r u p t i o n s  were e x p l o s i v e  i n  

t h e  b e g i n n i n g  due t o  t h e  p r e s e n c e  o f  s e a w a t e r ,  b u t  where t h e  e r u p t i o n s  

l a s t e d  l o n g  enough a  l a v a p h a s e  d i d  f o l l o w  a s f o r : e x a m p l e  o n  Heimaey, 

E l l i d a e y  and B j  a r n a r e y .  A l sey ,  H e l l i s e y  and G e i r f u g l a s k e r  a r e  examples  

o f  c r a t e r s  where t h e  l a v a p h a s e  d i d  n o t  d e v e l o p ,  I n  t h e  younger  i s l a n d s  

t h e  m a t e r i a l  is everywhere  t h e  same,  f i n e l y  bedded t u f f s  and t h i n  

l a v a b e d s  wh ich  b e a r  a  c l o s e  r e s e m b l a n c e  t o  t h o s e  o f  S u r t s e y  

I n  most  c a s e s  e a c h  i s l a n d  o r  s k e r r y  i s  a  remnant  o f  a  c r a t e r .  

I n  F i g .  2  and 3  s e c t i o n s  t h r o u g h  t h e  p r i n c i p a l  i s l a n d s  a r e  shown 

compared t o  S u r t s e y  a s  i t  was i n  t h e  summer 1967.  The l a r g e s t  

e r u p t i o n s  have  b e e n  i n  S ~ f e l l - H e l g a f e l l .  The t u f f c r a t e r  o f  S E f e l l  

h a s  a  d i a m e t e r  o f  a p p r o x .  1 km. S h o r t l y  a f t e r  t h e  c e s s a t i o n  o f  t h e  

Szefe l l  e r u p t i o n  a  l a v a  e r u p t i o n  s t a r t e d  on t h e  n o r t h e r n  f l a n k  o f  

t h e  c r a t e r  forming  t h e  moun ta in  H e l g a f e l l .  

A new b a t h y m e t r i c  map o f  t h e  s e a  bot tom w e s t  of  t h e  i s l a n d s  

made by t h e  I c e l a n d i c  Hydrograph ic  Survey h a s  r e v e a l e d  numerous 

s t e e p  p e a k s  on a  r e l a t i v e l y  f l a t  s h e l f .  With t h e  S u r t l a ,  S y r t l i n g u r  

and J 6 l n i r  e r u p t i o n s  i n  mind i t  seems h i g h l y  p r o b a b l e  t h a t  t h e s e  

p e a k s  have  been  b u i l t  up i n  submar ine  e r u p t i o n s  o f  s h o r t  d u r a t i o n .  
2 

On t h e  Vestmann I s l a n d  a r e a  ( F i g  I ) ,  which  c o v e r s  n e a r l y  700 km , 
a b o u t  55-60 submar ine  c r a t e r s  c a n  be  l o c a t e d .  

The H e i m a k l e t t u r  f o r m a t i o n  is d i f f e r e n t  from t h e  r e s t  o f  t h e  

a r c h i p e l a g o ,  a s  t u f f b r e c c i a s  and h y a l o b a s a l t s  a r e  more common h e r e .  

A t  l e a s t  f i v e  e r u p t i o n  s i t e s  c a n  be  l o c a t e d  o f  which  o n l y  t h e  

c o r e s  a r e  l e f t .  These  r i s e  a s  p rominen t  c l i f f s  up t o  a  h e i g h t  o f  

270-280 m .  The o l d e s t  p a r t  o f  t h i s  f o r m a t i o n ,  HBin, is formed by 

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

o f  S G r t s e y ,  and w i t h  t h e  s e a l e v e l  c l o s e  t o  what i t  is  a t  t h e  p r e s e n t  

t i m e  A f t e r  H i i n  had b e e n  e roded  t o  a  c o n s i d e r z b l e  e x t e n t ,  t h e  r e s t  

o f  t h e  H e i m a k l e t t u r  f o r m a t i o n  was b u i l t  up,  a p p a r e n t l y  under  d i f f e r e n t  

c o n d i t i o n s .  The l o w e s t  p a r t  o f  t h e s e  c l i f f s  a r e  g e n e r a l l y  made up o f  

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



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

On t h e  t o p  o f  e a c h  c l i f f  t h e r e  is a  t h i n  p i l e  o f  l a v a  l a y e r s .  The 

b a s e  o f  t h e  l a v a  p i l e s  l i e s  a t  abou t  180-260 m a . s . 1 . ;  l o w e s t  i n  

Y z t i k l e t t u r  and h i g h e s t  i n  H e i m a k l e t t u r .  P i l l o w  l a v a  h a s  n o t  b e e n  

o b s e r v e d .  

The g e n e r a l  p i c t u r e  o f  t h e  H e i m a k l e t t u r  f o r m a t i o n  ( e x c e p t  f o r  

HBin) seems t o  i n d i c a t e  t h a t  t h e  w a t e r  l e v e l  was c o n s i d e r a b l y  h i g h e r  

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

g l a c i e r .  

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

a r e  found i n  t h e  c l a s t i c  e j a c a m e n t a  o f  S e f e l l  and S u r t s e y .  Some o f  

t h e s e  c o n t a i n  f o s s i l s  and Mrs. E .  ~ o r d m a n n '  o f  t h e  U n i v e r s i t y  o f  

Copenhagen k i n d l y  u n d e r t o o k  t h e  d e t e r m i n a t i o n  o f  t h e  f o s s i l s  f rom 

S e f e l l  ( t h e  f o s s i l s  f rom S u r t s e y  were  t o o  f r a g m e n t a r y  f o r  i d e n t i -  

f i c a t i o n ) .  I t  was p o s s i b l e  t o  i d e n t i f y  t e n  s p e c i e s  o f  p e l e c y p o d s ,  

one  g a s t r o p o d  and one f o r a m i n i f e r .  A l l  t h e s e  s p e c i e s  a r e  found i n  

t h e  s e a  around I c e l a n d  t o d a y  and a t  a  d e p t h  s i m i l a r  t o  t h a t  found 

around t h e  Yestmann I s l a n d s  a t  t h e  p r e s e n t  t i m e .  

T e c t o n i c s  - 

Where t h e  d i r e c t i o n  of  e r u p t i o n  f i s s u r e s  c a n  b e  measured  a s  

i n  E l l i d a e y ,  B j a r n a r e y  and S u r t s e y ,  i t  is s e e n  t o  v a r y  be tween 
0 0 

N 12'- 45 E. The a v e r a g e  v a l u e  is c l o s e  t o  N 40 E and t h i s  is a l s o  

t h e  t r e n d  o f  t h e  main v o l c a n i c  z o n e ,  which i n c l u d e s  Heimaey and 

S u r t s e y .  An i n t e r e s t i n g  f e a t u r e  i s  t h e  e n  e c h e l o n  a r r angemen t  o f  

t h e  S u r t u r  1 1 - S u r t l a  e r u p t i o n  f i s s u r e s  and t h e  p r o b a b l e  o r i e n t a t i o n  

o f  t h e  f i s s u r e s  o f  t h e  H e i m a k l e t t u r  f o r m a t i o n  ( D a l f j a l l - Y z t i k l e t t u r )  

T h i s  c a n  b e  i n t e r p r e t e d  a s  z o n e s  s t r i k i n g  N 7 5 ' ~  w i t h  e n  e c h e l o n  
0 

t e n s i o n  g a s h e s  h a v l n g  an a n g l e  o f  40 t o  t h a t  o f  t h e  z o n e s  ( F i g .  4 ) .  

Age - 
A t  G a r d s e n d i  on t h e  s o u t h e r n  p a r t  o f  Heimaey a  t h i n  l a y e r  o f  

p e a t  is found r e s t i n g  o n  t h e  S t 6 r h B f d i  l a v a  and o v e r l a i n  by t h e  

S e f e l l  t u f f .  T h i s  p e a t  h a s  b e e n  d a t e d  by t h e  c14-method ( K j a r t a n s -  

s o n  1 9 6 7 ) .  T h r e e  d a t i n g s  gave  an a v e r a g e  o f  5400 B.P .  The S t 6 r h o f d i  



v o l c a n o  is  p r o b a b l y  s l i g h t l y  o l d e r  and S e f e l l - H e l g a f e l l  s l i g h t l y  

younger  . 
I t  is p o s s i b l e  t o  e s t i m a t e  t h e  age  o f  b o t h  E l l i d a e y  and 

B j a r n a r e y  by compar ing  s o i l  p r o f i l e s  from t h e s e  i s l a n d s  t o  p r o f i l e s  

on  s o u t h e r n  Heimaey, t h e  age  of  which  is known. I n  F i g .  5  s o i l  p ro -  

f i l e s  f rom v a r i o u s  p a r t s  o f  Heimaey, E l l i d a e y  and B j a r n a r e y  a r e  

drawn showing  t h e  main t e p h r a  l a y e r s ,  From t h e s e  p r o f i l e s  i t  c a n  be 

s u g g e s t e d  t h a t  t h e  s o u t h e r n  p a r t  o f  Heimaey, E l l i d a e y  and B j a r n a r e y  

a r e  o f  s i m i l a r  age .  I t  s h o u l d  be n o t e d  t h a t  i t  i s  n o t  p o s s i b l e  t o  

d i s t i n g u i s h  be tween  t h e  age o f  S e f e l l - H e l g a f e l l  and S t 6 r h o f d i  on 

b a s i s  o f  t h e  s o i l  p r o f i l e s .  

On K l i f i d  t h e  t h i c k n e s s  o f  t h e  s o i l  l a y e r  was found t o  b e  

3 . 1 0  m a t  a  h e i g h t  o f  220  m .  The t o p  o f  t h e  p r o f i l e  h a s  been  d i s -  

t u r b e d  by e o l i a n  e r o s i o n  ( a s  t h e  E l l i d a e y  p r o f i l e ) ,  b u t  t h e  r e s t  

o f  t h e  p r o f i l e  seems t o  be u n d i s t u r b e d .  A t  a  d e p t h  o f  1 . 5  m t h e  

t h r e e  d i s t i n c t i v e  t e p h r a  l a y e r s  E ,  F and G a r e  r e c o g n i z e d .  The t h i c k  

and c o a r s e  t e p h r a  l a y e r  a t  2 . 0  m d e p t h  was p o s s i b l y  d e r i v e d  from t h e  

b i g  S e f e l l  e r u p t i o n .  Below t h i s  d e p t h  t h e  s o i l  g r a d u a l l y  g e t s  more 

and more mixed w i t h  t e p h r a  u n t i l  t h e  K l i f i d  t u f f  is r e a c h e d .  I t  

seems r e a s o n a b l e  t o  s u g g e s t  from t h i s  p r o f i l e  t h a t  K l i f i d  and hence  

t h e  who le  H e i m a k l e t t u r  f o r m a t i o n ,  is a t  l e a s t  s e v e r a l  t h o u s a n d  

y e a r s  o l d e r  t h a n  t h e  s o u t h e r n  p a r t  o f  Heimaey. A s ample  t a k e n  a t  

t h e  bo t tom o f  t h e  K l i f i d  p r o f i l e  d i d  n o t  c o n t a i n  s u f f i c i e n t  humus 

f o r  c14-d a t  i n g  . 
O t h e r  i s l a n d s  proved  n o t  t o  b e  d a t e a b l e  by means o f  t e p h r o -  

c r o n o l o g y  a s  t h e  s o i l  l a y e r s  had s u f f e r e d  from heavy  e o l i a n  e r o s i o n  

a t  t i m e s ,  o r  were  s i m p l y  a b s e n t .  

P e t r o g r a p h y  

The  Vestmann I s l a n d s  a r e  made up o f  t u f f s  and l a v a s  i n  abou t  

e q u a l  amoun t s .  Both  t u f f  and l a v a  h a s  b e e n  d e v e l o p e d  from t h e  same 

v e n t  i n  t h e  m a j o r i t y  of  t h e  e r u p t i o n  s i t e s .  

The t u f f s  c o n s i s t  ma in ly  o f  more o r  l e s s  p a l a g o n i t i z a t e d  

brown s i d e r o m e l a n e  g l a s s  and opaque t a c h y l i t i c  g l a s s .  P h e n o c r y s t s  

o f  o l i v i n e  and p l a g i o c l a s e  a r e  p r e s e n t  i n  v a r i a b l e  amounts .  The 



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

amounts o f  h y a l o b a s a l t i c  f r a g m e n t s .  Common amygdoidal m i n e r a l s  a r e  

c a l c i t e  and n a t r o l i t e .  The p a l a g o n i t i z a t i o n  is g e n e r a l l y  most 

advanced i n  t h e  t u f f s  and t u f f - b r e c c i a s  o f  t h e  H e i m a k l e t t u r  f o r m a t i o n .  

The l a v a s  a r e  medium t o  f i n e  g r a i n e d  and g e n e r a l l y  have an 

i n t e r g r a n u l a r  t e x t u r e .  Some o f  t h e  l a v a s  c o n t a i n  p h e n o c r y s t s  t o  some 

e x t e n t .  T h i s  is e s p e c i a l l y  t r u e  o f  H e l g a f e l l  l a v a  (and S ~ f e l l  t u f f )  

w i t h  6-8% o f  p l a g i o c l a s e  p h e n o c r y s t s  and S t 6 r h o f d i  l a v a ,  which con- 

t a i n s  10% o f  o l i v i n e  p h e n o c r y s t s .  

The r o c k s  o f  t h e  Vestmann I s l a n d s ,  i n c l u d i n g  S u r t s e y ,  a r e  

c l a s s i f i e d  a s  a l k a l i n e  o l i v i n e  b a s a l t s ,  ( s e e  chemica l  a n a l y s e s  i n  

T a b l e s  1 and 2 ) .  The l a v a s  f a l l  i n t o  two g roups  c a l l e d  VE I and 

YE XI. Hgin ,  B r a n d u r ,  S t 6 r h o f d i ,  G e i r f u g l a s k e r  and S u s t s e y  b e l o n g  

t o  t h e  f i r s t  group,VE I ,  w h i l e  t h e  second g r o u p ,  VE 11, i n c l u d e s  

t h e  H e i m a k l e t t u r  fo rma t  i o n  e x c e p t  Hgin;  H e l g a f e l l - S ~ f e l l  and 

E l l i d a e y .  The s e g r e g a t i o n  v e i n s  o f  t h e  M l i f i d  i n t r u s i o n  (Heima- 

k l e t t u r  f o r m a t i o n )  a r e  c a l l e d  VE 111 f o r  c o n v e n i e n c e .  

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

o f  a l k a l i n e  b a s a l t s .  The groundmass f e l d s p a r  is l a b r a d o r i t e  t o  

a n d e s i n e  (YE I )  and a n d e s i n e  (VE 1 1 ) ;  t i t a n a u g i t e  is i n t e r g r a n u l a r ,  
. 

i t  is o f t e n  d i s t i n c t l y  p u r p l i s h  and h a s  a  weak p l e o c h r o i s m .  The 

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

and a s  a c o n s t i t u e n t  of t h e  groundmass .  The c o m p o s i t i o n  o f  t h e  

o l i v i n e  is Fa 8-27: t h e  p h e n o c r y s t s  b e i n g  t h e  most Mg-rich.  Ores  

form up t o  12% o f  t h e  l a v a s .  I n  r e f l e c t e d  l i g h t  t h e  o r e  is  shown 

t o  be  m a g n e t i t e  o f t e n  w i t h  i l m e n i t e - e x s o l u t i o n s  and C r - s p i n e l  

( p i c o t i t e l .  The m a g n e t i t e  is e i t h e r  a c i c u l a r  and o f t e n  i n t e r s t i t i a l  

(VE 1) o r  more e u h e d r a l  and- a lways  homogeneous a t  g r e a t  magni- 

f i c a t i o n s  (VE 1 1 ) .  Of s p e c i a l  i n t e r e s t  i s  t h e  C r - s p i n e l  which w i t h  

c e r t a i n t y  o n l y  h a s  been  found i n  t h e  VE I r o c k - t y p e .  I t  is u s u a l l y  

i n c l u d e d  i n  t h e  o l i v i n e  p h e n o c r y s t s  a s  t i n y  dark-brown c u b e s  ( 0 . 0 1  

-0 .03  m m ) ,  I t  i s  a l s o  o c c a s i o n a l l y  found i n  t h e  groundmass and is 

t h e n  a lways  h e a v i l y  zoned t o  m a g n e t i t e .  A p r e l i m i n a r y  m i c r o p r o b e  

a n a l y s i s  o f  t h e  C r - s p i n e l  r e v e a l s  t h a t  i t  is made up o f  60-65% 

c h r o m i t e  and 4 0 4 5 %  h e r c y n i t e .  A p a t i t e  is p r e s e n t  i n  minor  amounts ,  

b u t  i s  more common i n  t h e  VE I 1  l a v a s .  A few mic roprobe  a n a l y s e s  



o f  t h e  p l a g i o c l a s e  and pyroxene i n  t h e  groundmass o f  H e l g a f e l l  l a v a  

and t h e  K l i f i d  s e g r e g a t i o n  v e i n  a r e  g i v e n  i n  T a b l e  5 .  

Bo th  l a v a  t y p e s  c a n  c o n t a i n  b i g  p h e n o c r y s t s  of  p l a g i o c l a s e  up 

t o  5  cm a c r o s s ,  comparable  t o  t h o s e  found i n  S u r t s e y .  A few o f  t h e s e  

have  been  a n a l y s e d  and a r e  l i s t e d  i n  T a b l e  4 a l o n g  w i t h  an a n a l y s i s  

o f  a  p h e n o c r y s t  f rom S u r t s e y  (Wenk e t  a l .  1 9 6 5 ) .  The a v a i l a b l e  ana- 

l y s e s  o f  t h e  p h e n o c r y s t s  f a l l  I n t o  two- g r o u p s ,  one  a t  An 50  and 

a n o t h e r  a t  An 6 5 .  I t  is of  i n t e r e s t  t o  n o t e ,  t h a t  t h e  An-content o f  

t h e  b i g  p h e n o c r y s t s  i s  about  t h e  same ( R i m i n g j a t a n g i  l a v a  VE 1 8 )  o r  

l ower  ( H s i n  l a v a  VE 72)  t h a n  t h e  a v e r a g e  An-content o f  t h e  groundmass 

p l a g i o c l a s e  o f  t h e s e  l a v a s .  

The o l i v i n e  a n a l y s i s  i n  T a b l e  4 shows t h e  a v e r a g e  c o m p o s i t i o n  

o f  t h e  o l i v i n e  p h e n o c r y s t s  o f  t h e  J 6 l n i r  t u f f .  The p h e n o c r y s t s  

c o n t a i n  abou t  0 . 5  v o l %  o f  C r - s p i n e l  i n c l u s i o n .  The o l i v i n e  f r a c t i o n  
a l s o  c o n t a i n s  i m p u r i t i e s  (5%) i n  form o f  g l a s s  which proved  i m p o s s i b l e  

t o  a v o i d  ( t h u s  a c c o u n t i n g  f o r  t h e  h i g h  CaO-content ) .  

I n  t h e  H e l g a f e l l  l a v a ,  s m a l l  r e s i d u a l  p o c k e t s  (5x5  mm) were  

d e v e l o p e d ,  where t h e  g r a i n - s i z e  is t w o - t h r e e  t i m e s  t h a t  o f  t h e  

s u r r o u n d i n g  groundmass .  Here t h e  p l a g i o c l a s e  is o l i g o c l a s e  t o  

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

e g  r i n e - a u g i t e .  The Mg-content o f  t h e  o l i v i n e  f a l l s  t o  Fo 40-50. 

A p a t i t e  is p r e s e n t  i n  a p p r e c i a b l e  amounts a s  minu te  s t r i n g s .  

I n t e r s t i t i a l l y ,  be tween p l a g i o c l a s e  l a t h s ,  n e p h e l i n e  is found 

t y p i c a l l y  a s  s m a l l  hexagona l  p r i s m s  a l o n g  w i t h  l i gh t -b rown  r e s i d u a l  

g l a s s .  

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

i n  T a b l e  1 )  shows a  f u r t h e r  s t a g e  i n  t h i s  d i f f e r e n t i a t i o n .  The v e i n  

i s  c o a r s e  and p o r o u s  w i t h  o l i g o c l a s e  t o  a l b i t e  a s  t h e  f e l d s p a r .  The 

t i t a n a u g i t e  is s t r o n g l y  zoned t o  ~ g i r i n e - a u g i t e ,  f r e e  c r y s t a l s  o f  

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

The e3 r ly - fo rmed  m a g n e t i t e  is  o f t e n  found a s  s k e l e t o n s .  A p a t i t e  

i s  e v e n l y  d i s t r i b u t e d  a s  l o n g  n e e d l e s .  The o l i v i n e  is  o n l y  found i n  

minor  amounts and h a s  t h e  c o m p o s i t i o n  Fo 60-80. Nephe l ine  fo rms  

abou t  1% o f  t h e  r o c k .  A c l e a r ,  i s o t r o p i c  m i n e r a l  w i t h  low r e f r a c t i v e  



i n d e x  a n d  t r a p e z o i d a l  h a b i t  i s  p r o b a b l y  a n a l c i t e .  R e s i d u a l  g l a s s  

i s  p r e s e n t  i n t e r s t i t i a l l y .  

C h e m i s t r y  

Chemica l  d a t a  o f  b o t h  ma jo r  and t r a c e  e l e m e n t s  of  t h e  r o c k s  

a r e  g i v e n  i n  T a b l e s  1 and 2 .  The two S u r t s e y  a n a l y s e s  i n  T a b l e  1 a r e  

quo ted  from S t e i n t h b r s s o n  1966 and T i l l e y  e t  a l .  1967 .  

The c h e m i s t r y  a s  w e l l  a s  t h e  mine ra logy  of  t h e  r o c k s  o f  t h e  

Vestmann I s l a n d s  and S u r t s e y  r e v e a l  t h a t  t h e y  a r e  t y p i c a l  a l k a l i n e  

o l i v i n e  b a s a l t s .  A l l  have  n o r m a t i v e  n e p h e l i n e  e x c e p t  t h e  l a v a s  o f  

Brandur  and H e i n a k l e t t u r ,  b u t  t h e y  show l a t e  s t a g e  o x i d a t i o n  o f  i r o n  

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

p a l a g o n i t i z e d  and w e a t h e r e d  t o  some degree" .  The a n a l y s e s  o f  t h e  

l a v a s  f a l l  n a t u r a l l y  i n t o  two g r o u p s  and t h e  a v e r a g e  v a l u e s  o f  t h e s e  

two t y p e s  a r e  g i v e n  i n  T a b l e  3  a l o n g  w i t h  t h e  c o m p o s i t i o n  o f  t h e  

K l i f i d  s e g r e g a t i o n  v e i n .  The VE I - t y p e ,  which  i n c l u d e s  S u r t s e y ,  i s  

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

Hawai i  (Macdonald & K a t s u r a  1964  p .  1 2 4 ) ;  a l t h o u g h  T i02  and K 2 0  o f  

t h e  VE r o c k s  is s l i g h t l y  l ower  and A 1 2 0 3  and MgO s l i g h t l y  h i g h e r .  

VE I1 is t r a n s i t i o n a l  t o  H a w a i i t e .  A compar i son  w i t h  t h e  a l k a l i n e  

o l i v i n e  b a s a l t s  o f  t h e  M i d - A t l a n t i c  Ridge i s  more d i f f i c u l t  b e c a u s e  

o f  meagre  d a t a ,  b u t  t h e  a v e r a g e  c o m p o s i t i o n  o f  t h e  VE l a v a s  com- 

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

from v o l c a n i c  i s l a n d s  a l o n g  t h e  A t l a n t i c  Ridge ( E n g e l  & E n g e l  1 9 6 4 ) .  

The A-FM d i a g r a m ,  F i g ,  6 ,  shows t h e  p l o t s  o f  t h e  YE l a v a s .  

Mew AFM d a t a  from S u r t s e y  ( S t e i n t h o r s s o n  1967)  is i n c l u d e d .  The 

l a v a s  l i e  c l o s e  t o  t h e  Hawai ian  a l k a l i  l i n e .  The p o s i t i o n  o f  t h e  

K l i f i d  s e g r e g a t i o n  v e i n  and t h e  6 6 1 n i r  o l i v i n e  is a l s o  shown. 

& 

A n a l y s e s  o f  t u f f s  and t e p h r a s  have  been  o m i t t e d  when t h e  o v e r a l l  

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

r e p r e s e n t  t h e  magma from which  t h e y  a r e  c o o l e d ,  b e c a u s e  o f  

e o l i a n  d i f f e r e n t i a t i o n  o f  p h e n o c r y s t s  ( e s p .  o l i v i n e )  and g l a s s  

s h a r d s  of  d i f f e r e n t  w e i g h t .  



F i g .  7  is an a l k a l i / s i l i c a  d i a g r a m  (on  w a t e r f r e e  b a s i s )  o f  

3 7  s e l e c t e d  a n a l y s e s  o f  I c e l a n d i c  p o s t g l a c i a l  l a v a s  i n c l u d i n g  t h e  

VE r o c k s .  The l i n e  drawn is t h e  Hawaiian d i v i s i o n  l i n e .  A l l  t h e  VE 

l a v a s ,  two a l k a l i c  l a v a s  from S m f e l l s n e s ,  and a l l  a v a i l a b l e  ana-  

l y s e s  o f  l a v a s  from t h e  " K a t l a  a r e a "  ( K a t l a ,  E l d g j s ,  R a u d u b j a l l a r  

and L a m b a f i t )  f a l l  above t h i s  l i n e .  The VE l a v a s  and t h e  l a v a s  from 

S m f e l l s n e s  c a n  be  l a b e l l e d  a s  t y p i c a l  a l k a l i  b a s a l t s ,  a l t h o u g h  t h e  

S m f e l l s n e s  l a v a s  have  no n o r m a t i v e  n e p h e l i n e .  The l a v a s  o f  t h e  

s % a t l a  a r e a "  a r e  more t r a n s i t i o n a l  t y p e s .  I t  c a n  be  added h e r e .  t h a t  

a n  uncomple ted  a n a l y s i s  o f  t h e  Hamragardar  l a v a  i n  E y j a f j o l l  j u s t  

ME o f  t h e  Vestmann I s l a n d s ,  i n d i c a t e s  h a w a i i t e .  P r o b a b l y  i t  is 

a p p r o p r i a t e  t o  t a l k  abou t  a n  a l k a l i n e  zone o f  p o s t g l a c i a l  l a v a s  

which  i n c l u d e s  t h e  Vestmann I s l a n d s  and t h e  " K a t l a  a r e a " ?  b u t  w i t h  

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

t h e  ' socean ic"  t h o l e i i t e s  of  t h e  R e y k j a n e s  v o l c a n i c  zone.  Chemica l  

d a t a  from S n ; e f e l l s n e s ,  a l t h o u g h  few. s u g g e s t  t h a t  t h i s  is an a l k a l i n e  

v o l c a n i c  z o n e ,  comparable  t o  t h e  Vestmann I s l a n d s - K a t l a  a r e a  zone .  

The b i l a t e r a l  symmetry o f  t h e s e  two a l k a l i n e  z o n e s  a g a i n s t  t h e  

t h o l e i i t i c  Reyk janes  zone is i n t e r e s t i n g .  

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

s e g r e g a t i o n  v e i n  is n o t  y e t  a v a i l a b l e ,  - b u t  an uncompleted a n a l y s i s  

i n d i c a t e s  a  c o m p o s i t i o n  c l o s e  t o  E l l i d a e y  l a v a  ( i . e .  YE I1 t y p e ) .  

The f r a c t i o n a t i o n  t r e n d  of  t h e  s e g r e g a t i o n  v e i n  i s  most marked i n  

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

s i l i c a  i s  c o n s t a n t  and magnesium and aluminium d e c r e a s e .  T h i s  i s  

s i m i l a r  t o  t h e  s e g r e g a t i o n  t r e n d s  of  t h e  h igh-a lumina  b a s a l t s  and 

t h o l e i i t e s  l i s t e d  by Kuno (19651,  F i g ;  8  shows t h e  VE I1 - VE 111 

t r e n d  i n  a  t o t a l  i r o n - s i l i c a  d i ag ram (Kuno o p . c i t ,  p .  3 1 2 ) .  

The t r a c e  e l emen t  a n a l y s e s  o f  t h e  VE r o c k s  ( T a b l e  2 and 39 

shows,  t h a t  t h e y  a r e  n o t a b l y  lower  i n  S r ,  Ba ,and  p r o b a b l y  Zr, t h a n  

c o r r e s p o n d i n g  r o c k s  o f  Hawaii  (Nockolds  & A l l e n  1 9 5 4 ) .  T a b l e  6 
. 

g i v e s  t r a c e  e l emen t  d a t a  on some o f  t h e  p l a g i o c l a s e  and o l i v i n e  

p h e n o c r y s t s  ( c f .  c h e m i c a l  a n a l y s i s  i n  T a b l e  5 ) .  An a n a l y s i s  o f  t h e  

p y r o x e n e - f r a c t i o n  o f  K l i f i d  s e g r e g a t i o n  v e i n  (VE 8 1 )  i s  i n c l u d e d .  

The h i g h  Cr -con ten t  o f  t h e  o l i v i n e s  i f  due  t o  t h e  p r e s e n c e  o f  

C r - s p i n e l  i n c l u s i o n s .  



F i g .  8 shows t h a t  N i  and C o  r e s p e c t i v e l y ,  r i s e  l i n e a r i l y  w i t h  

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

t h e  VE 11 and VE I l a v a s  t o w a r d s  t h e  o l i v i n e  p o s i t i o n .  On t h e  same 

d iag ram d a t a  o f  a  p a r t i a l  a n a l y s i s  o f  t h e  S t 6 r h o f d i  l a v a  is i n c l u d e d  

(VE I - t y p e ) .  F i g .  1 0  shows t h a t  t h e  Co : N i  r a t i o  i n c r e a s e s  r a p i d l y  

from t h e  VE I - t y p e  t h r o u g h  VE I1 t o w a r d s  t h e  s e g r e g a t i o n  v e i n  (VE 1 1 1 ) .  

The d i f f e r e n c e  i n  c h e m i c a l  c o m p o s i t i o n  be tween t h e  VE I and 

VE I1 r o c k - t y p e s ,  a l t h o u g h  s m a l l ,  i s  though t  t o  be  s i g n i f i c a n t .  These  

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

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

is i n s i g n i f i c a n t .  T h e r e  seems a l s o  t o  be  a  d i f f e r e n c e  be tween t h e s e  

two t y p e s  w i t h  r e s p e c t  t o  t h e  n a t u r e  o f  t 6 e  e r u p t i o n ,  O f  t h e  f i v e  

l a v a  c r a t e r s  p r e s e r v e d :  S u r t u r  11, S u r t u r  I11 and t h e  S t 6 r h o f d i  

c r a t e r s  (VE I - type )  a r e  o f . t h e  s h i e l d - v o l c a n o  t y p e .  The H e l g a f e l l ,  

B j a s n a r e y  and E l l i d a e y  c r a t e r s  (YE 11- type)  have ,  on t h e  c o n t r a r y ,  

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

Methods 

The c h e m i c a l  a n a l y s e s  were made by t h e  a u t h o r  on s a m p l e s  d r i e d  
0 f o r  two h o u r s  a t  1 1 0  C ,  u s i n g  a  r a p i d  s i l i c a t e  a n a l y s i s  method 

e s t a b l i s h e d  by Borgen (1967, w i t h  m o d i f i c a t i o n s  by I.  S o r e n s e n ) .  

The m i c r o p r o b e  a n a l y s e s  were c a r r i e d  o u t  on. a  ARL e l e c t r o n  mic ro -  

p r o b e  a t  t h e  Royal  T e c h n i c a l  U n i v e r s i t y  o f  Copenhagen; m i n e r a l s ,  

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

background w e r e  pe r fo rmed .  The t r a c e - e l e m e n t  a n a l y s e s  were  done  OL 

a  H i l g e r  l a r g e  q u a r t z  s p e c t r o g r a p h  M i n e r a l  s e p a r a t i o n s  % e r e  made 

on a F r a n z  i sodynamic  m a g n e t i c  s e p a r a t o r  and by heavy l i q u i d s .  

The CIPW m o l e c u l a r  norms were  c a l c u l a t e d  a f t e r  t h e  m o d i f i e d  

r u l e s  o f  K e l s e y  (1965).  
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m i c r o p r o b e  a n a l y s e s ,  and Mrs. R .  L a r s e n  drew t h e  g e o l o g i c a l  map and 

one  p r o f i l e .  To a l l  t h e s e  I am d e e p l y  g r a t e f u l .  

T h i s  work was s u p p o r t e d  by t h e  I c e l a n d i c  S c i e n t i f i c  Fund and 

t h e  S u r t s e y  R e s e a r c h  S o c i e t y .  
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TABLE 1 

Chemical  a n a l y s e s  

VE I VE I1 VE I11 S U  (VE I )  - - 
HHin Brandur  G e i r f u g l -  Heima- Helga-  E l l i -  K l i f i d  S u r t s e y  S u r t s e y  
l a v a  l a v a  a s k e r  k l e t t u r  f e l l  daev  s e z r  . l a v a  l a v a  

t u f f  l a v a  l a v a  l a v a  v e i n  Apr , 1 9 6 4  Apr , 1 9 6 4  
VE 72 VE 43 VE 32  VE 58 VE 67  VE 2 4  VE 8 1  I S-2 

S i 0 2  

T i 0 2  

A1203 

Fe203 
FeO 

MnO 

MgO 

Cao 

Na20 

Yz O  

'2O5 

%O+ 
Xzo- 

Anal . :  S . J a k .  S . J a k .  S . J a k .  S.  J a k .  S .  J a k .  S. J a k .  S.  J a k .  J. H. Scoon S .  S t e i n .  

CIPW norm. 

') I n c l u d e s  Cr203:0.06 % 



Vestmannaeyj a r  

TABLE 2 
Trace  e lements  ppm 

VE I VE I 1  VE I 1 1  - 
Hsin Brandur S t 6 r -  Ge i r -  Rz?n.- H e l l i -  Heima- E l l i -  Helga- B j a r -  K l i f i d  

h o f d i  fug1 . sk .  t a n g i  sey  k l e t t u r  daey f e l l  narey 
VE 72 VE 43 V E 6 1  VE32 VE 18 VE 48 V E 5 8  V E 2 4  VE67  V E 5 4  V E 8 1  

C r  310 285 440 355 9 0  75 110 8  0  5  5  40 - 
V 310 315 340 165 250 270 235 3  15 235 260 170 

N i  2  00 195 ' 285 285 60 60 75 6  5  50 50 2  0  

Co 50 6  0  65 6  0  35  40 40 45 35 40 30 

Zr 230 155 175 170 150 175 2  05 2  15  185 200 330 

Cu 100 7  0  12 0  20 45 50 45 40 35 45 9 0  

Sr 190 190 160 230 170 220 2  00 220 2  00 2 00 140 

Ba 60  6 0 40 6  0  6  0  6  5  7  0  8 0  8 0  70 100 

Su r t s ey  
SU (VE I)  

Su r t s ey  l a v a  J61n9r t e p h r a  Su r t s ey  l a v a  Su r t s ey  l a v a  
Jun.-Aug. ' 6 4  Ju1.-Aug. '66  Aug. ' 66  . Dec. ' 66  
SU 42 SU 20 SU 18 SU 24 

B a  6  5  40 30 40 + 
N 
in 

"- 

Anal. : H. Bol l  ingberg  



TABLE 3 

Average chemical va lues  of l a v a s  

Major element w t .  % (on w a t e r f r e e  b a s i s )  

Segrega t .  ve in  
VE I VE I 1  (VE 111) 

S  i02 46.8 

Ti02 2 . 1  

A%! O3 1 5 . 9  

Fe203 2 . 8  

FeO 8 . 9  

MnO 0 .20  

@go 9 . 1  

CaO 10 .6  

Na20 2 . 9  

K2° 0 .50  

'2'5 0 . 2 9  

Number of  
ana lyse s  (49 

- 
Trace e lements  
ppm. 

C r  360 

V 300 

N i  235 

Co 55 

Z r  165 

C u 8  5 

Sr 175 

Ba 50 

Number of 
ana lyse s  (6 )  
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TABLE 5  

Chemical  a n a l y s e s  of  p h e n o c r y s t s  

P l a g i o c l a s e s  O l i v i n e  

Rz11 . H5in Helga- S u r t s e y  X )  J 6 1 n i r  
t a n g i  l a v a  f e l l  l a v a  t e p h r a  
l a v a  l a v a  Wenk e t  a l .  
VE 18  VE 72 VE 1 9  (1965)  SU 20  

FeO 

MgO 

CaO 

Na20 

K20 
H~ 0' 

d('0.005) : 2 . 6 8 5  2 . 6 8 3  

Anal .  : S .  J a k .  S .  J a k .  

6 3 , 6  6 5 . 0  

3 5 . 9  3 3 . 8  

0 . 5  1 . 2  

2 . 7 1 1  2 . 7 1 5  

I . S o r .  H. Schw. 

') Microprobe  a n a l y s i s  
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F i g .  4 An i d e a l i z e d  r e p r e s e n t a t i o n  o f  t h e  en -eche lon  e r u p t i o n  

f i s s u r e s  o f  S u r t u r  11 - S u r t l a  and D a l f j a l l  - Y z t i k l e t t u r .  
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F i g .  6 A F M - d iag ram ( F  = t o t a l  i r o n  a s  FeO) showing t h e  p l o t  

o f  t h e  VE r o c k s  and J 6 l n i r  o l i v i n e  compared w i t h  t h e  a v e r a g e  

t h o l e i i t i c  t r e n d  ( s o l i d  l i n e )  and a l k a l i c  t r e n d  (dashed  l i n e )  

o f  Hawaii  Is.  Shaded a r e a  i n d i c a t e s  d i s t r i b u t i o n  of  I c e l a n d i c  

p o s t g l a c i a l  l a v a s .  

3 



F i g .  7 A l k a 1 i : s i l i c a  d i a g r a m  o f  37 s e l e c t e d  p o s t g l a c i a l  l a v a s  o f  - 
I c e l a n d ,  i n c l u d i n g  VE r o c k s .  The dashed  l i n e  is t h e  Hawai ian  

d i v i s i o n  l i n e .  
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