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Pet rography  and Chemistry 

S i g u r d u r  S t e i n t h o r s s o n  
U n i v e r s i t y  Resea rch  I n s t i t u t e  

Summary 

Samples o f  v o l c a n i c  a s h  and l a v a  have been c o l l e c t e d  i n  

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

Nov. 1 4 ,  1963,  and is s t i l l  i n  p r o g r e s s  (May ' 6 6 ) .  The r o c k  is 

a l k a l i  o l i v i n e  b a s a l t  c o n t a i n i n g  abou t  13% o l i v i n e .  The c o m p o s i t i o n  

o f  t h e  f e l d s p a r  has  v a r i e d  w i t h  t i m e  from An66 a t  t h e  b e g i n n i n g ,  

t o  An53. The compos i t ion  of  o t h e r  m i n e r a l s  h a s ,  . a s  f a r  a s  c a n  be  

d i s c e r n e d ,  remained un i fo rm.  3 chemical  a n a l y s e s  and t r ace -e lement  

e v a l u a t i o n s  of  4  samples  a r e  g i v e n ,  and t h e  i n f e r e n c e  is drawn 

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

of o l i d i n e .  

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

A s  o u t l i n e d  e l s e w h e r e  i n  t h i s  book v a r i o u s  f a c i e s  o f  t h e  

S u r t s e y  e r u p t i o n  may b e  d i s t i n g u i s h e d ,  and i n  t h i s  accoun t  a  s h o r t  

r e v i e w  o f  t h e  p e t r o g r a p h y  and c h e m i s t r y  of samples  r e p r e s e n t i n g  

p e r h a p s  4  o f  t h e s e  w i l l  be p r e s e n t e d .  The f i n a l  r e p o r t  o f  t h i s  

a s p e c t  o f  t h e  e r u p t i o n  is b e i n g  p r e p a r e d ,  and t h i s  n o t e  may, t h e r e -  

f o r e ,  be looked upon a s  a  summary of  p rocedure  and r e s u l t s .  

The f a c i e s  t o  be  d i s t i n g u i s h e d  h e r e  a r e :  

a .  S u r t u r  e x p l o s i v e  p h a s e ,  Nov. 1 4 ,  ' 6 3  - Apr. 4 ,  ' 6 4  

b .  F i r s t  l a v a  of  S u r t s e y ,  c o n t a i n s  l a r g e  x e n o c r y s t s ,  Apr. 4 ,  ' 6 4  

- end o f  A p r i l .  

c .  Lava-flows i n  S u r t s e y  J u l y  9 ,  ' 6 4  - l a t e  May 1965. I t  is  

p o s s i b l e  t h a t  d u r i n g  May and June 1964 t h e  e r u p t i o n  c o n t i n u e d  

a s  submar ine  l ava - f  lows ( p i l l o w  l a v a ? ) .  



d .  S y r t l i n g u r  e x p l o s i v e  a c t i v i t y  NE o f  S u r t s e y ,  J u n e  - O c t o b e r ,  

1965 .  

e .  J 6 l n i r  e x p l o s i v e  a c t i v i t y  SW o f  S u r t s e y ,  Dec. 2 6 ,  ' 6 5  and  

s t i l l  a c t i v e  (May ' 6 5 ) .  

A m u l t i t u d e  o f  t h i n  s e c t i o n s  have  b e e n  made o f  m a t e r i a l  

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

l y s e s  have  b e e n  made, and  a r e  b e i n g  made, o f  a l l  t h e  f i v e  f a c i e s  

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

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

d ,  a r e  g i v e n .  

PETROGRAPHY 

The S u r t s e y  m a t e r i a l  may b e  l a b e l l e d  a s  a l k a l i  o l i v i n e  b a s a l t .  

U s u a l l y  t h e  s o l i d i f i e d  r o c k  c o n t a i n s  much g l a s s ,  and  a s  a  r e s u l t  

o n l y  two o f  t h e  modal a n a l y s e s  r e p r e s e n t  t h e  end  p o i n t  o f  c r y s t a l -  

l i z a t i o n ,  When f u l l y  c r y s t a l l i z e d ,  however ,  t h e  r o c k  shows d o l e r i t i c  

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

m a g n e t i t e  ( o r e ) .  

F i g .  1 shows t h e  c o u r s e  o f  c r y s t a l l i z a t i o n  a s  deduced  from 

t h e  modal a n a l y s e s .  The p l o t s  a r e  d i s t r i b u t e d  on t h e  b a s i s  o f  g l a s s -  

c o n t e n t  i n  t h e  r o c k ,  w i t h  100% g l a s s  a s  a  h y p o t h e t i c a l  c o m p l e t e l y  

m o l t e n  r o c k ,  0% g l a s s  i n  t h e  f u l l y  c r y s t a l l i z e d  r o c k .  The p l o t  is 

based  on  t h e  a s s u m p t i o n  t h a t  t h e  c h e m i c a l  c o m p o s i t i o n  i n  t h e  S u r t s e y  

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

would have  g i v e n  r ise  t o  a p p r o x i m a t e l y  t h e  same modal c o m p o s i t i o n  

i f  f u l l y  c r y s t a l l i z e d .  

A s  s e e n  f rom F i g .  1 no a n a l y s i s  f a l l s  be tween  a b o u t  6 0  and  

100% c r y s t a l l i z a t i o n .  I t  seems t h a t  t h e  l i q u i d  had become s o  

s a t u r a t e d  w i t h  c r y s t a l l i z i n g  n u c l e i  when o n l y  40% rema ined  un- 

c r y s t a l l i z e d ,  t h a t  t h e  whole  mass c r y s t a l l i z e d  upon quench ing .  

C o n s e q u e n t l y  t h e  c u r v e s  f o r  py roxene  and  m a g n e t i t e  a r e  c a l c u l a t e d  

f rom t h e  g i v e n  e n d - p o i n t s ,  and  t h e  r e m a i n i n g  l i q u i d  a t  any  g i v e n  



Table 1. Modal ana lyses  of rocks  from Sur t sey  

g l a s s  8 4 . 3  6 0 . 4  6 0 . 1  60 57 .0  54 .9  53.6  

o l i v i n e  7 . 7  1 4 . 3  1 2 . 1  13 1 4 . 5  1 1 . 6  12 .3  

f e l d s p a r  7 . 3  2 4 . 9  2 7 . 8  27 2 8 . 0  3 3 . 5  31 .7  

pyroxene - - - - - - - 
opaque 0 . 7  0 . 4  - - 0 . 5  - 2 . 4  

g l a s s  42 .7  - - 83 .3  7 4 . 5  63 .8  

o l i v i n e  1 5 . 6  1 6 . 4  9 . 0  1 2 . 4  2 3 . 1  2 0 . 1  

f e l d s p a r  40 .0  48 .0  45 .7  4 . 3  1 . 6  15 .6  

pyroxene - 25.8  3 4 . 8  - - - 
opaque 1 . 7  9 . 8  1 0 . 5  - 0 .8  0 . 5  

1. Thin s e c t i o n  944. 

2 .  11 11 1158. 

3 .  I t  11 1197. 

4.  11 11 1196. 

5 .  11 11 1195. 

6 .  11 11 1089. 

7 .  I t  (1 1090. 

Tuff from S u r t u r ,  c o l l .  1 . 1 2 . 6 3 .  

Las t  l ava  t o  flow i n  S u r t s e y ,  c o l l .  29 .4 .65 .  

Glowing Sur tsey- lava , c o l l .  15 .10 .64 .  

Volcanic  bomb, Su r t s ey  , 15.10 .64 .  

Volcanic  bomb, S u r t s e y ,  Apr. ' 64 .  

Lava, S u r t s e y ,  Aug. $ 6 4 .  

Glowing lava  rescued  from t h e  s e a ,  

S u r t s e y ,  24.1 .65.  

Su r t s ey - l ava ,  c o l l .  2 7 . 2 . 6 5 .  

D o l e r i t e  from S u r t s e y ,  probably flowed 

Nov.- Dec. '64.  

F i r s t  l ava  i n  S u r t s e y ,  c o l l .  Apr. ' 64 .  

S y r t l i n g u r ,  c o l l .  i n  Su r t s ey  4 .10 .65 .  

S y r t l i n g u r ,  c o l l .  on a  coast -guard v e s s e l  

1 0 . 8 . 6 5 .  

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

4 .7 .65 .  

* The so -ca l l ed  g l a s s  i n  t h i s  s e c t i o n  is i n  a c t u a l  f a c t  groundmass, 
i . e .  minute c r y s t a l s  impossible  t o  d i s t i n g u i s h .  



p o i n t  between 60 and 100% c r y s t a l l i z e d .  I n s p e c t i o n  of  t h i n  s e c t i o n s  

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

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

r a t h e r  l e a d i n g .  

The c o u r s e  of  c r y s t a l l i z a t i o n  a s  deduced from F i g .  1 is a s  

f o l l o w s :  O l i v i n e  comes o u t  f i r s t ,  and is  f u l l y  c r y s t a l l i z e d  when 

70-80% of  t h e  r o c k  is s t i l l  mol ten .  Next comes f e l d s p a r  and i s  t h e  

s o l e  c r y s t a l l i z i n g  m i n e r a l  i n  t h e  mel t  u n t i l  a b o u t  40% of  t h e  l i q u i d  

r e m a i n s ,  whereupon pyroxene ,  and l a t e r  m a g n e t i t e ,  come i n ,  and a l l  

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

( e u t e c t i c ) .  The s m a l l  amount of m a g n e t i t e  p r e s e n t  p r i o r  t o  i ts  f u l l  

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

A s  s t a t e d  on a n  e a r l i e r  page t h e  t e x t u r e  i n  t h e  f u l l y  

c r y s t a l l i z e d  r o c k  is  p o i k i l i t i c ,  b u t  t h e  o l i v i n e ,  which was f u l l y  

c r y s t a l l i z e d  e a r l y  o n ,  t e n d s  t o  be  rounded ,  which p o s s i b l y  i n d i c a t e s  

some r e s o r p t i o n .  

P i g .  1 a l s o  g i v e s  e v i d e n c e  o f  s e t t l i n g  of  o l i v i n e  i n  S y r t l i n g u r ;  

t h e  broken c u r v e s  show h i g h e r  c o n c e n t r a t i o n  of o l i v i n e ,  and lower 

o f  f e l d s p a r ,  t h a n  t h e  c o r r e s p o n d i n g  c u r v e s  f o r  S u r t s e y .  No bombs 

were r e c o v e r e d  from S y r t l i n g u r  - hence t h e  g r e a t  amount of  g l a s s  i n  

a l l  t h e  t h r e e  samples .  

MINERALOGY . 
The compos i t ion  o f  o l i v i n e  h a s  remained uni form th roughou t  

t h e  e r u p t i o n  a s  f a r  a s  can  be d e t e c t e d .  O l i v i n e  from t h e  S u r t u r  

a sh -c loud ,  c o l l e c t e d  3 0 . 1 1 . 6 3 ,  h a s  r e f r a c t i v e  index  n  = 1 . 6 7 9  

(Po 871,  and o l i v i n e  from S y r t l i n g u r  a sh -c loud ,  c o l l e c t e d  4 . 1 0 . 6 5 ,  

g i v e s  n  = 1 . 6 7 3  (Fo 8 9 )  ( 1 ) .  

F e l d s p a r .  U s u a l l y  two g e n e r a t i o n s  may be  d i s t i n g u i s h e d :  

p h e n o c r y s t s  w i t h  c o m p o s i t i o n  An 66 ,  and members o f  t h e  groundmass 

changing i n  c o m p o s i t i o n  from An 60 t o  An 53.  The l a r g e  l a b r a d o r i t e  

c r y s t a l s  p r e s e n t  from t h e  beg inn ing  of t h e  e r u p t i o n  i n  Nov. 1963 

t i l l  t h e  end of  A p r i l  1964 have been d e a l t  w i t h  by Wenk ( 2 ) ,  and 



a  ment ion  was made by t h e  p r e s e n t  a u t h o r  of t h e i r  p o s s i b l e  f a t e  

i n  a  p r e v i o u s  p r o g r e s s  r e p o r t  ( 3 ) .  

T a b l e  2 .  Fe ldspar-composi t ion  

An  I P h e n o c r y s t s  66 66 66-53 - 56 56 

Groundma ss 
c r y s t a l s  

A 1 . 1 2 . 6 3  (944) D Nov. - Dec. 6 4  (1088) 

B Apr. 6 4  (1159) E 2 9 . 4 . 6 5  (1158) 

C Aug. 6 4  (1089) F  S y r t l i n g u r  4 . 1 0 . 6 5  (1170) 

A s  s e e n  i n  Tab le  2 t h e  l a b r a d o r i t e  p h e n o c r y s t s  a r e  p r e s e n t  i n  s p e c i -  

mens A ,  B and C.  I n  t h e  l a t t e r ,  however, t h e  c r y s t a l s  a r e  b u t  

g h o s t s  o f  t h e i r  former  s p l e n d o u r ,  showing r e v e r s e  zon ing  from An 66 

a t  t h e  margin t o  An 53 (same a s  t h e  groundmass) i n  t h e  c e n t r e  w i t h  

a  b e l t  of  c l o u d i n g  ( e x s o l u t i o n )  inbetween.  I t  is assumed t h a t  one 

o r  b o t h  of  two p o s s i b i l i t i e s  was t h e  c a u s e  of t h e i r  d i s a p p e a r a n c e :  

a )  The c r y s t a l s  had accumula ted  i n  t h e  topmost  p a r t  of  t h e  magma 

column b e f o r e  t h e  e r u p t i o n ,  and by t h e  end o f  A P r i l  t h e  magma con- 

t a i n i n g  t h e  c r y s t a l s  had been e x t r u d e d .  b )  The c r y s t a l s  became 

u n s t a b l e  i n  t h e  changing envi ronment  ( a s  r e f l e c t e d  by t h e  com- 

p o s i t i o n  o f  t h e  groundmass) ,  and were r e s o r b e d  - a n  i n s t a n c e  o f  

which is s e e n  i n  s e c t i o n  1089 (C) where,  a p p a r e n t l y ,  t h e  c r y s t a l  

i s  chang ing  compos i t ion  t o  match c i r c u m s t a n c e s ,  b e g i n n i n g  i n  t h e  

m i d d l e  and working towards  t h e  margin  ( r e v e r s e  zon ing  w i t h  t h e  

i n t e r m e d i a t e  b e l t  o f  c l o u d i n g ) .  

The m i c r o p h e n o c r y s t s  i n  sample E must be  of  l a t e r  o r i g i n ,  

p e r h a p s  formed from t h e  same magma a t  a  g r e a t e r  d e p t h  ( d i f f e r e n t  

P and T). 



CHEMISTRY 

T a b l e  3 r e p r e s e n t s  3 a n a l y s e s  of  S u r t s e y  m a t e r i a l ,  which 

i n d i c a t e  c o n s i d e r a b l e  v a r i a t i o n  i n  compos i t ion  w i t h  t i m e .  I t  seems 

l i k e l y  t h a t  s e t t l i n g  of  o l i v i n e  h a s  been t h e  main f a c t o r  i n  b r i n g i n g  

o u t  t h e  d i f f e r e n t i a t i o n  o f  t h e  magma, a s  shown by b o t h  t h e  modal 

a n a l y s e s  and t h e  marked i n c r e a s e  of  MgO i n  S y r t l i n g u r  (S-4).  F i g .  2  

i l l u s t r a t e s  t h e  p o s i t i o n  of  t h e  S u r t s e y  r o c k s  on a n  ex tended  O l - D i -  

Hy-diagram, w i t h  a n a l y s e s  from Hekla ( 4 , 5 )  and t h e  s h i e l d - v o l c a n o  

S k j a l d b r e i a u r  ( 6 )  f o r  comparison.  On F i g s .  3 and 4 a r e  p l o t t e d  t h e  

v a r i a t i o n s  i n  AFM and Na-K-Ca r e s p e c t i v e l y ,  b o t h  i n d i c a t i n g  q u i t e  

c o n s i d e r a b l e  d i f f e r e n t i a t i o n ;  g r a p h s  from Hekla,  S k j a l d b r e i g u r  , 
Hawaii ( 7 )  and t h e  Skaergaard  ( 7 )  a r e  i n s e r t e d  f o r  compar ison.  I n  

F i g .  3 t h e  two t r i a n g l e s  i n  t h e  middle  of  t h e  Hek la - l ine  d e l i m i t  

t h e  end-po in t s  of  t h e  1947-e rup t ion .  

The r a t i o  CaO/MgO i s  t h e  main d i s t r i b u t i v e  f a c t o r  f o r  t h e  

S u r t s e y - p l o t s  on t h e  01-Di-Hy-diagram ( F i g .  2 ) ;  t h e  marked i n c r e a s e  

i n  o l i v i n e  (MgO) i n  S y r t l i n g u r ,  p l u s  t h e  d e c r e a s e  i n  Na20, h a s  

e f f e c t e d  t h e  s h i f t i n g  of S-4 towards  t h e  01-corner  of t h e  O l - D i -  

H y - t r i a n g l e .  A p o s s i b l e  d i f f e r e n t i a t i o n  l i n e  is  drawn on t h e  d iagram.  

Trace-element  a n a l y s e s  a r e  p r e s e n t e d  i n  T a b l e  4  t o g e t h e r  w i t h  

t h e  v a l u e s  f o r  G-1 and W - 1  (8) and p l o t t e d  i n  c h r o n o l o g i c a l  o r d e r  

i n  F i g .  5 .  S y s t e m a t i c  v a r i a t i o n  is ,  once more, e v i d e n t  - C r ,  N i  

and Co i n c r e a s e ,  S r ,  Z r  and Zn d e c r e a s e ,  and Y and Rb r a t h e r  

d e c r e a s e ,  whereas  Cu and V change t r e n d  from S-3 t o  S-4. 

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

I c e l a n d .  The volume of t h e  m a t e r i a l  i s ,  however,  no t  a t  a l l  t remend- 

o u s ,  a n d ,  p e r h a p s ,  a  s u i t a b l e  moral  t o  t h i s  r e s e a r c h  is ,  t h a t  one 

s t r a w  d o e s  n o t  r e p r e s e n t  t h e  whole s t a c k ,  and one  o r  two samples  of 

a  r o c k  (even  a s  mundane a s  b a s a l t i c  l a v a )  may g i v e  d e c e i v i n g  

i n f o r m a t i o n  abou t  t h e  whole.  



Table  3 .  Rock Analyses and Norms from S u r t s e y  

Chem. Analyses  
-. 

S-1 S-2 S-4 

S-1 Ash from S u r t u r ,  c o l l e c t e d  1 . 1 2 . 6 3 .  

8-2 F i r s t  l a v a  i n  S u r t s e y ,  c o l l .  A p r i l  1964. 

S-4 Ash from S y r t l i n g u r ,  c o l l .  1 1 . 8 . 6 5 .  

Norms 

S-1 S  -2 S-4 

FeO 1 0 . 8 0  10 .00  10 .80  

MnO 0 . 2 0  0 .20 0 .22 

N e  1 . 9 9  1 . 7 0  

Wo 6 . 6 1  6 . 6 1  4 .99  



Table  4 .  Trace-element  E v a l u a t i o n s  i n  S u r t s e y - r o c k s .  

S-1 Ash from S u r t u r ,  c o l l .  1 . 1 2 . 6 3 .  

S-2 F i r s t  l a v a  i n  S u r t s e y ,  c o l l .  Apr. 1964.  

S-3 L a s t  l a v a  t o  f low i n  S u r t s e y ,  c o l l .  2 9 . 4 . 6 5 .  

S-4 Ash from S y r t l i n g u r ,  c o l l .  1 1 . 8 . 6 5 .  

G-1,  W - 1 .  S t a n d a r d  samples  ( 8 ) .  

* Standard  v a l u e s  f o r  Zn from Spec t rochemica l  A n a l y s i s  ( 9 ) .  
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