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I NTRODUCT I ON 

The submarine e r u p t i o n  t h a t  began on t h e  1 4 t h  o f  November, 

1963,  approx imate ly  20  m i l e s  o f f  t h e  s o u t h  c o a s t  of  I c e l a n d  and 

t h e  i s l a n d  t h a t  i t  c r e a t e d ,  S u r t s e y ,  have become w e l l  known b o t h  

among s c i e n t i s t s  and t h e  g e n e r a l  p u b l i c .  The e r u p t i o n  on S u r t s e y  

ceased  i n  May 1965,  b u t  a  few days  l a t e r  a n o t h e r  e r u p t i o n  s t a r t e d  

j u s t  o f f  t h e  s h o r e  of  S u r t s e y .  An i s l a n d  was a l s o  c r e a t e d  t h e r e ,  

b u t  d i d  n o t  become permanent and washed away when t h i s  e r u p t i o n  

s topped  i n  November, 1965.  I n  December t h e  t h i r d  e r u p t i o n  began on 

t h e  o t h e r  s i d e  o f  S u r t s e y  and is  s t i l l  go ing  s t r o n g  and h a s  formed 

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

n o t  l a s t  when t h e  e r u p t i o n  c e a s e s .  Thus,  a l t h o u g h  S u r t s e y  i t s e l f  

has  been q u i e t  f o r  o v e r  a  y e a r ,  it is s t i l l  su r rounded  by v o l c a n i c  

a c t i v i t i e s .  

S u r t s e y  immediately caugh t  t h e  i n t e r e s t  o f  s c i e n t i s t s ,  who 

found t h e r e  a  un ique  o p p o r t u n i t y  t o  s t u d y  b o t h  geology i n  t h e  

making and t h e  s e t t l e m e n t  o f  l i f e  on a  s t e r i l e  r o c k  o u t  i n  t h e  

ocean.  I n  o r d e r  t o  c o o r d i n a t e  t h i s  a c t i v i t y ,  t h e  S u r t s e y  Research  

Committee was formed s h o r t l y  a f t e r  t h e  e r u p t i o n  s t a r t e d .  

With t h e  s c i e n t i f i c  i n t e r e s t  i n c r e a s i n g ,  t h e  S u r t s e y  Resea rch  

Committee was changed i n t o  t h e  S u r t s e y  Resea rch  S o c i e t y  i n  May 1965.  

Tha t  same month t h e  S o c i e t y  sponsored  t h e  S u r t s e y  Biology con- 

f e r e n c e  which was h e l d  i n  Reykjavik  w i t h  p a r t i c i p a t i o n  by s c i e n t i s t s  

from I c e l a n d  and a b r o a d ,  e s p e c i a l l y  from t h e  Uni ted  S t a t e s .  

S c i e n t i s t s  were q u i t e  a c t i v e  on and around S u r t s e y  i n  1964,  

and i n  February  1965 a  c o l l e c t i o n  of t h e i r  p r o g r e s s  r e p o r t s  was 

p u b l i s h e d  by t h e  S u r t s e y  Resea rch  Committee. 

The f o l l o w i n g  p r o g r e s s  r e p o r t s  a r e  t h e  second ones  i n  t h a t  

s e r i e s  p u b l i s h e d  on S u r t s e y .  They r e p r e s e n t  work of  s c i e n t i s t s  

i n  1965,  engaged i n  t h e  S u r t s e y  r e s e a r c h  p r o j e c t s .  They a r e  n o t ,  



i n  g e n e r a l ,  i n t e n d e d  t o  show s c i e n t i f i c  c o n c l u s i o n s .  On some 

s u b j e c t s  s c i e n t i f i c  p a p e r s  w i l l  s oon  f o l l o w  and  i t  is  hoped t h a t  

t h e  program w i l l  c o n t i n u e  and  l e a d  t o  many more p u b l i c a t i o n s  o f  

i n t e r e s t .  

The S u r t s e y  r e s e a r c h  program would n o t  have b e e n  p o s s i b l e  

w i t h o u t  s t r o n g  s u p p o r t  f rom s e v e r a l  i n d i v i d u a l s  and  i n s t i t u t i o n s .  

I n  t h i s  c o n n e c t i o n  I would l i k e  t o  men t ion  t h e  N a t i o n a l  R e s e a r c h  

C o u n c i l  o f  I c e l a n d ,  I c e l a n d i c  r e s e a r c h  i n s t i t u t i o n s  and  t h e  I c e -  

l a n d i c  C o a s t  Guard t h a t  have  made s c i e n t i s t s ,  e q u i p m e n t ,  f u n d s  

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

s u p p o r t e d  by t h e  Un i t ed  S t a t e s  Atomic Energy Commission,  t h e  

O f f i c e  o f  Naval  R e s e a r c h  i n  Washington D. C . ,  and  t h e  Duke Uni- 

v e r s i t y  i n  N o r t h  C a r o l i n a .  F i n a l l y ,  t h e  program would n e v e r  have  

become o f  t h e  i m p o r t a n c e  i t  now is  w i t h o u t  t h e  many g r e a t  con-  

t r i b u t i o n  by t h e  Bauer  S c i e n t i f i c  T r u s t  and  t h e  u n t i r i n g  i n t e r e s t  

o f  P r o f e s s o r  P a u l  S .  Bauer  o f  t h e  American U n i v e r d i t y ,  Washington 

D.C. To a l l  of  t h o s e  and  a l l  t h e  s c i e n t i s t s  work ing  on t h e  

program w e  would l i k e  t o  e x p r e s s  o u r  t h a n k s .  

F o r  t h h t s e y  R e s e a r c h  S o c i e t y ,  

S t e i n g r  imur '~ermannsson  ( '  

Chairman 
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M i c r o b i a l  L i f e  on  S u r t s e y  

by 
T.D. Brock 

Dep t .  o f  B a c t e r i o l o g y  
I n d i a n a  U n i v e r s i t y  

Bloomington ,  I n d i a n a ,  U.S.A. 

1. I n t r o d u c t i o n ,  

I v i s i t e d  I c e l a n d  d u r i n g  t h e  d a t e s  J u l y  2 5  t h r o u g h  August  6 ,  

1965 ,  u n d e r  s p o n s o r s h i p  o f  t h e  S u r t s e y - I c e l a n d  R e s e a r c h  Commit tee .  The 

p u r p o s e s  of  my v i s i t  we re  t h r e e f o l d :  1 )  t o  l ook  f o r  e a r l y  s i g n s  o f  

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

L e u c o t h r i x ;  2 )  t o  s t u d y  L e u c o t h r i x  mucor o n  t h e  c o a s t s  o f  I c e l a n d  

i t s e l f ;  and  3 )  t o  s t u d y  t h e r m a l  a l g a e  and  b a c t e r i a  i n  I c e l a n d i c  h o t  

s p r i n g s .  A l t h o u g h  my t i m e  was l i m i t e d ,  I was a b l e  t o  a c c o m p l i s h  most  

o f  t h e s e  g o a l s .  

2 .  S u r t s e v .  

The new e r u p t i o n  a l t e r e d  t h e  p o s s i b i l i t i e s  f o r  work on S u r t s e y ,  

s o  t h a t  my work h e r e  was l i m i t e d .  However, I was a b l e  t o  make a  number 

o f  g e n e r a l  o b s e r v a t i o n s  which  may b e  o f  some i n t e r e s t  i n  t h e  d e v e l o p i n g  

b i o l o g y  o f  S u r t s e y .  

a )  The p r i m a r y  r e q u i r e m e n t  f o r  t h e  deve lopmen t  o f  l i f e  is  a  

s o u r c e  o f  e n e r g y .  Energy on S u r t s e y  is  a v a i l a b l e  i n  t h e  form o f  l i g h t ,  

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

i s  n o t  b e i n g  u s e d .  Energy is a l s o  a v a i l a b l e  on  S u r t s e y  i n  t h e  form o f  

o r g a n i c  s u b s t a n c e s  wh ich  a r e  b e i n g  c o n t r i b u t e d  by t h e  exc remen t  o f  

b i r d s  a n d  by m a t e r i a l s  d r i f t i n g  o n t o  t h e  b e a c h .  T h e s e  m a t e r i a l s  a r e  

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

S u r t s e y  would n o t  be e x p e c t e d  t o  b e  d i f f e r e n t  f rom t h e i r  u t i l i z a t i o n  

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

m i c r o o r g a n i s m s  a t t a c k i n g  t h e s e  t k i n g s .  The c o n t r i f i u t i o n  o f  o r g a n i c  

m a t t e r  f rom t h e s e  s o u r c e s  s h o u l d  n o t  be  u n d e r e s t i m a t e d .  L i t e r a l l y  



hundreds of g u l l s  and t e r n s  were s e e n  r o o s t i n g  on S u r t s e y ,  and on one 

c l i f f  on t h e  Sou th  West s i d e  of t h e  i s l a n d ,  t h e  r o c k s  were a lmos t  w h i t e  

from excrement .  The amount of  m a t e r i a l  d r i f t i n g  a s h o r e  is a l s o  q u i t e  

h i g h ,  and I made a  l a r g e  list i n  a b o u t  a n  hour ,  a s  s e e n  i n  T a b l e  1. 

T a b l e  1 

L i s t  o f  m a t e r i a l s  d r i f t i n g  o n t o  S u r t s e y  which cou ld  s e r v e  
a s  energy s o u r c e s  f o r  l i v i n g  organisms 

Kelp f r o n d s  
G u l l  f e a t h e r s  
Large  t r e e  s tumps and l o g s  
Lumber i n  t h e  form of  boards  
Board w i t h  a t t a c h e d  b a r n a c l e s  
B o t t l e s  w i t h  a t t a c h e d  b a r n a c l e s  
Orange p e e l s  
P l a s t i c  n e t  f l o a t e r s  
Egg c a r t o n  
Orange c r a t e  
Wooden B a r r e l  
P i e c e s  o f  r o p e  
Dead a n i m a l s  

Other  i t e m s  found on t h e  beach which were nonorgan ic  inc luded :  l i g h t  

b u l b ,  m e t a l  f l o a t ,  empty b o t t l e ,  g l a s s  f i s h i n g  f l o a t .  

The p o i n t  of  making t h e  above l ist  i s  t o  emphasize t h a t  f o r  a  

c o n s i d e r a b l e  l e n g t h  o f  t ime t h e  main i n f l u e n c e  on t h e  development of  

l i f e  on S u r t s e y  w i l l  come from secondary  s o u r c e s  which a r r i v e  a c c i d e n t -  

a l l y .  For  a  s e l f - c o n t a i n e d  ecosys tem,  t h e  development o f  p h o t o s y n t h e t i c  

p l a n t s  w i l l  be  e s s e n t i a l .  A t  t h e  moment, s e v e r a l  f a c t o r s  w i l l  p robab ly  

i n h i b i t  e x t e n s i v e  development of t e r r e s t r i a l  p l a n t s :  1 )  The con- 

t i n u i n g  a c c u m u l a t i o n  o f  a s h ,  c o v e r i n g  up any p l a n t s  which t a k e  r o o t ;  

2) t h e  v e r y  porous  n a t u r e  of  t h e  r o c k  and v o l c a n i c  a s h ,  r e s t r i c t i n g  

wa te r -ho ld ing  c a p a c i t y ;  3)  t h e  v e r y  s a l t y  n a t u r e  of t h e  r o c k  and a s h ,  

p r e v e n t i n g  t h e  development of  non-ha lophy t i c  p l a n t s .  T h i s  1 a s t . p o i n t  

might  n o t  b e  a p p r e c i a t e d ,  b u t  I obse rved  on t h e  South  West s i d e  of  

t h e  i s l a n d  t h a t  wa te r  which had l e a c h e d  th rough  t h e  s o i l  and was 

d r i p p i n g  down i n  overhang ing  c a v e s  f a r  above t h e  zone o f  wave a c t i o n  

was very  s a l t y ,  much more s o  t h a n  s e a  w a t e r .  



Some o r g a n i c  m a t t e r  migh t  b e  c r e a t e d  r i g h t  i n  t h e  v o l c a n o ,  from 

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

a s  C02 a s  p r i m a r y  c a r b o n  s o u r c e .  A l though  p r o b a b l y  n o t  i m p o r t a n t  

q u a n t i t a t i v e l y ,  t h e  n a t u r e  and  c o m p o s i t i o n  o f  s u c h  m a t e r i a l s  would be  

o f  i n t e r e s t  i n  r e l a t i o n  t o  i d e a s  on  t h e  o r i g i n  o f  l i f e .  However, i t  

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

s i n c e  o n c e  t h e  m a t e r i a l  r e a c h e d  t h e  ground i t  c o u l d  b e  c o n t a m i n a t e d  

by b i r d s ,  e t c .  

The l a g o o n  i n  S u r t s e y  h a s  a  s a l i n i t y  o f  s e a  w a t e r ,  and  t h e  w a t e r  

c a n  b e  i n f e r r e d  t o  b e  d e r i v e d  from t h e  s e a  s i n c e  I saw a  m e t a l  f i s h i n g  

f l o a t  and a  b o t t l e  i n  t h e  l a g o o n  wh ich  u n d o u b t e d l y  came from t h e  s e a  

d u r i n g  a  h i g h  w a t e r  i n t e r v a l .  A t  p r e s e n t  t h i s  l a g o o n  d o e s  n o t  have  a 

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

d u c t i v e ,  s i n c e  i t  is s h a l l o w .  My pH measurement  o n  l a g o o n  w a t e r  was 
* 

7 . 2 5 ,  which  is  a  l i t t l e  low f o r  s e a  w a t e r ,  s o  t h a t  I assume a c i d i c  

m a t e r i a l s  f rom t h e  v o l c a n o  a r e  p r e s e n t .  

The u l t i m a t e  b i o l o g i c a l  deve lopment  o f  S u r t s e y  w i l l  p r o b a b l y  be  

s i m i l a r  t o  t h e  o t h e r  i s l a n d s  i n  t h e  V e s t m a n n a e y j a r .  S i n c e  none of  t h e s e  

i s l a n d s  have what  would b e  c o n s i d e r e d  a  l u s h  t e r r e s t r i a l  v e g e t a t i o n ,  

i t  is u n l i k e l y  t h a t  S u r t s e y  w i l l  b e  o t h e r w i s e .  C l e a r l y  i t  w i l l  be  t h e  

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

t h e r e  a r e  no s e a  weeds on  t h e  r o c k s  o f  S u r t s e y .  I t  w i l l  b e  o f  g r e a t  

i n t e r e s t  t o  f o l l o w  t h e  deve lopment  o f  s e a  weeds o n  t h e s e  r o c k s  t h r o u g h -  

o u t  t h e  n e x t  few y e a r s ,  and t h i s ,  t o  my mind,  s h o u l d  b e  t h e  ma jo r  

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

3 .  L e u c o t h r i x  mucor o n  I c e l a n d i c  s e a  c o a s t s .  

My e a r l i e r  work had shown t h a t  L.  mucor o c c u r r e d  a s  a n  e p i p h y t e  - 
i n  t e m p e r a t e  w a t e r s  o n  s e a  weeds g rowing  on  exposed  c o a s t s  where  t h e r e  

was much wave a c t i o n .  The h y d r o g r a p h i c  c o n d i t i o n s  o f  I c e l a n d  s u g g e s t e d  

t h a t  L .  mucor would b e  common h e r e ,  and  t h i s  p r e d i c t i o n  t u r n e d  o u t  t o  - 
b e  t r u e .  I i s o l a t e d  s e v e r a l  new s t r a i n s  i n  p u r e  c u l t u r e  f rom m a t e r i a l  



c o l l e c t e d  a t  Cape R e y k j a n e s  and  a l o n g  t h e  c o a s t  n e a r  R e y k j a v i k .  I n  

a d d i t i o n ,  I s e t  up a  number o f  r a d i o a u t o g r a p h i c  e x p e r i m e n t s  wh ich  

p r o v i d e d  q u a n t i t a t i v e  d a t a  on t h e  g rowth  r a t e  o f  L, mucor d i r e c t l y  - 
i n  n a t u r e .  

The r e s u l t s  o f  t h i s  work have been  i n c o r p o r a t e d  i n t o  a  p a p e r :  

The h a b i t a t  o f  L e u c o t h r i x  mucor,  a  w i d e s p r e a d  m a r i n e  o r g a n i s m ,  which  

h a s  been  s u b m i t t e d  t o  t h e  j o u r n a l  Limnology and Oceanography.  

4. Work on I c e l a n d i c  h o t  s p r i n g s .  

I had worked e a r l i e r  on  h o t  s p r i n g s  o f  Y e l l o w s t o n e  and  I found  

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

I n  I c e l a n d  I v i s i t e d  s p r i n g s  a t  H v e r a g e r d i ,  G e y s i r ,  Cape R e y k j a n e s ,  

and  R e y k j a d a l s  R i v e r  by R e y k h o l t ,  Q u a n t i t a t i v e  s t u d i e s  were  done  i n  

o n l y  one  s p r i n g ,  and  a r e  found i n  t h e  r e p o r t :  T e m p e r a t u r e  Optima 

f o r  A l g a l  Development i n  P e l l o w s t o n e  and  I c e l a n d  Hot S p r i n g s .  

I n  g e n e r a l ,  b i o l o g i c a l  deve lopment  is  less  e x t e n s i v e  i n  Ice- 

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

known. A s  f a r  a s  I c a n  t e l l  f rom t h e  l i t e r a t u r e ,  I am t h e  o n l y  p e r s o n  

who h a s  t r i e d  t o  compare s p r i n g s  f rom t h e  two s o u r c e s  on  a  q u a n t i t a t i v e  

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

b i o l o g i c a l  deve1opmen.t. 

The s e a  w a t e r  h o t  s p r i n g  a t  Cape R e y k j a n e s ,  wh ich  is u n i q u e  i n  

t h e  w o r l d ,  was c o m p l e t e l y  d e v o i d  o f  b i o l o g i c a l  deve lopmen t .  The pH o f  

t h i s  s p r i n g  was a r o u n d  5 , 0 ,  which  is low f o r  s e a  w a t e r ,  and  t h i s  may 

b e  r e s p o n s i b l e  f o r  i t s  s t e r i l i t y .  T h i s  s p r i n g  s h o u l d  b e  s t u d i e d  f u r t h e r .  

I was i n t e r e s t e d  t o  o b s e r v e  t h e  e x t e n t  o f  c o m m e r c i a l i z a t i o n  o f  

I c e l a n d i c  h o t  s p r i n g s ,  I e x p e c t  t o  p r e p a r e  i n  t h e  n e a r  f u t u r e  a n  

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

i v i t y .  I would hope ,  however ,  t h a t  a t  l e a s t  some o f  t h e  I c e l a n d i c  h o t  

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

ways u n i q u e .  The u s e  o f  s o a p  i n  t h e  G e y s i r  s p r i n g s ,  wh ich  I o b s e r v e d  



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

many o f  t h e  s p r i n g s  i n  t h i s  g r o u p .  Good c o n s e r v a t i o n  i d e a l s  o n  a  t o u r i s t  

, a t t r a c t i o n  o f  t h e  s i g n i f i c a n c e  of G e y s i r  would r e q u i r e  a  c o m p l e t e  l a c k  

o f  human d i s t u r b a n c e .  



Repor t  on t h e  S u r t s e y  I n v e s t i g a t i o n  i n  1965 

T e r r e s t r i a l  I n v e r t e b r a t e s  

C a r l .  H. L i n d r o t h ,  Hugo Anderson and Hogni Bodvarsson 
Department o f  Entomology, Z o o l o g i c a l  I n s t i t u t e  

U n i v e r s i t y ,  Lund 

F i e l d  work i n  t h e  "base  a r e a v v ,  t h e  Westman I s l a n d s ,  n o t a b l y  

on Heimaey, i n c l u d i n g  a  s h o r t  v i s i t  t o  S u r t s e y ,  was c a r r i e d  o u t  d u r i n g  

t h e  p e r i o d  J u l y  2 0 t h  t o  2 9 t h  by D r .  L i n d r o t h  and M r .  Andersson.  The 

r e s u l t i n g  c o l l e c t i o n s  have n o t  y e t  been f u l l y  worked up b u t  i t  is 

a l r e a d y  e v i d e n t  t h a t  o u r  knowledge of  t h e  I n v e r t e b r a t e  fauna  o f  Heimaey 

h a s  been s u b s t a n t i a l l y  e n l a r g e d .  S e v e r a l  s p e c i e s  new t o  I c e l a n d  have 

been d i s c o v e r e d .  

A l l  t e r r e s t r i a l  I n v e r t e b r a t e  a n i m a l s  observed and c o l l e c t e d  

on S u r t s e y  i t s e l f ,  a s  f a r  a s  known, have been a v a i l a b l e  t o  u s .  The 

c o l l e c t i o n  is p r e s e r v e d  a t  t h e  Z o o l o g i c a l  I n s t i t u t e ,  Lund, f o r  t h e  

t i m e  b e i n g ,  b u t  i t  is agreed  t h a t  i t s  f i n a l  p l a c e  of  s t o r a g e  w i l l  be 

a t  t h e  Museum o f  N a t u r a l  H i s t o r y ,  Reyk jav ik .  S i m i l a r l y ,  t h e  f i r s t  

specimen of e v e r y  s p e c i e s  c o l l e c t e d  on e a c h  of  t h e  o t h e r  i s l a n d s  o f  

t h e  Westman g roup  w i l l  be  d e p o s i t e d  t h e r e ,  

The f o l l o w i n g  t e r r e s t r i a l  I n v e r t e b r a t e s  have been obse rved  

on S u r t s e v :  

D i p t e r a .  ( F l i e s  and Midges) 6  s p e c i e s .  

fam. Chironomidae g d e t .  D.Ro O l i v e r ,  Ottawa) 

Diamesa u r s u s  K i e f f ,  1 9 .  Leg. S t u r l a  F r i d r i k s s o n .  

C r i c o t o p u s  s p ,  3 8 ,  Leg, J u t t a  ~ a g n f i s s o n ,  3 .  V I I ,  1965.  

Gen. s p ,  (subfam. ~ r t b a c l a d i i n a e )  1 3 ( d e a d ) .  Leg. 
S i g u r d u r  Helgason,  2 8 ,  V I I .  1965.  

fam, Helomyzidae ( d e t ,  Hugo Andersson,  Lund).  

Helomyza modesta Meig. 4 dead specimens and 4 empty 
( h a t c h e d )  p u p a r i a  nea r  t h e  l agoon  
under a  p i e c e  of wood covered  w i t h  



t h i n  a s h e s ,  i n  a  s t r a t u m  o f  s a n d  
w i t h  f r a g m e n t s  o f  Ascophyl lum a l g a e  
and  f e a t h e r s  o f  b i r d s .  Leg. S i g u r d u r  
He lgason ,  2 4 .  V I I .  1965 .  T h i s  is 
t h e  f i r s t  t e r r e s t r i a l  a n i m a l  known 
t o  have  b r e d  on t h e  i s l a n d .  

fam. C o r d y l u r i d a e  ( d e t  . Hugo Ander s son )  . 
Sca tophaga  s t e r c o r a r i a  L. @ . Leg.  S i g u r d u r  He lgason ,  

2 8 .  V I I .  1965 .  

fam. C a l l i p h o r i d a e  ( d e t  . Hugo Ander s son )  . 
C a l l i p h o r a  e r y h t r o c e p h a l a  Meig. 1 ?. Leg. S i g u r d u r  

He lgason ,  28 .  V I I .  1965 .  

L e p i d o p t e r a .  ( B u t t e r f l i e s  and  Moths) 2 s p e c i e s .  

fam. N o c t u i d a e  ( d e t .  P e r  Douwes, Lund) .  

A g r o t i s  y p s i l o n  R e t z .  1 8 . Leg.  E y t h 6 r  E i n a r s s o n ,  
1 5 .  X. 1964.  

P l u s i a  gamma L. 1 9 .  Leg.  S t u r l a  F r i d r i k s s o n ,  4 .  X .  1965 .  

A c a  r i d a  ( M i t e s )  

fam. Gamasidae ( d e t  . Max S e l l n i c k ,  G r o s s h a n s d o r f  p r .  Ahrens-  
b u r g ,  Germany).  

T h i n o s e i u s  s p i n o s u s  Wil lmann.  Leg. S i g u r d u r  H e l g a s o n ,  
2 4 .  & 2 8 .  V I I .  1965.  T h i s  m i t e  was 
f o u n d ,  t o g e t h e r  w i t h  t h e  dead  9 o f  
t h e  O r t h o c l a d i i n  midge ,  on  wh ich  t h e y  
seemed t o  f e e d ,  n e a r  t h e  l a g o o n  i n  
s e v e r a l  s p e c i m e n s .  The p l a c e  is  a l s o  
c l o s e  t o  where  p u p a r i a  and  dead  f l i e s  
o f  Helomyza modesta  were f o u n d .  The 
b i o l o g y  o f  t h i s  m i t e  i s  known f rom 
Germany, where  t h e  nymphal s t a g e  h a s  
b e e n  found  a t t a c h e d  t o  l i t t o r a l  f l i e s .  
I t  seems t h e r e f o r e  t h a t  t h e  s p e c i e s  
p o s s e s s e s  u n u s u a l  f a c i l i t i e s  f o r  
p a s s i v e  long- range  d i s p e r s a l .  



P l a n s  f o r  1966. 

A l l  t h r e e  members of t h e  team i n t e n d  t o  v i s i t  S u r t s e y  and t h e  

Westman I s l a n d s  f o r  a  p e r i o d  o f  a b o u t  1 0  d a y s ,  i n  June .  B e s i d e s  

g e n e r a l  f ie ld-work t h e  f o l l o w i n g  p o i n t s  a r e  f o r e s e e n :  

( 1 )  t h r e e  g l u e - t r a p s  f o r  c a t c h i n g  s m a l l  a i r - b o r n e  a n i m a l s  

shou ld  b e  e s t a b l i s h e d  on S u r t s e y ;  

(2 )  a n  a r t i f i c i a l  f r e s h w a t e r  poo l  - by c o l l e c t i n g  r a i n w a t e r  

i n  a  p l a s t - c o v e r e d  d e p r e s s i o n  i n  t h e  l a v a  - shou ld  be  

c o n s t r u c t e d ;  

(3) n e s t  m a t e r i a l  from a n t i c i p a t e d  b r e e d i n g  b i r d s  - probab ly  

R i s s a  t r i d a c t y l a  - s h o u l d  be  i n d i v i d u a l l y  c o l l e c t e d  and 

i n v e s t i g a t e d  on p o s s i b l e  o c c u r r e n c e  o f  s m a l l  a n i m a l s ;  

(4)  s e v e r a l  m i l l i o n s  of  s m a l l ,  b r i g h t  ye l low p l a s t  g r a i n s  

( a l r e a d y  a v a i l a b l e )  shou ld  be  r e l e a s e d  o f f  s h o r e ,  a t  

o u t g o i n g  t i d e ,  i n  t h e  s o u t h e r n  p a r t  o f  t h e  main Westman 

I s l a n d ,  Heimaey. I f  c a r r i e d  t o  S u r t s e y  by s e a  d r i f t ,  

t h e y  would be e a s i l y  d i s c o v e r e d .  



On D i s p e r s a l  of P l a n t s  t o  S u r t s e y  

Eythor  E i n a r s s o n  
Museum of N a t u r a l  H i s t o r y  

Department of  Botany 

I n  a  p r e v i o u s  r e p o r t  on t h i s  same s u b j e c t  ( E i n a r s s o n  1965) 

it was r e p o r t e d  t h a t  one p a n i c l e  of Alopecurus  p r a t e n s i s  L .  and 

a n o t h e r  p a n i c l e  of Anthoxanthum odoratum L . ,  e a c h  of  t h e  p a n i c l e s  

c o n t a i n i n g  some few s e e d s ,  had been c o l l e c t e d  on t h e  s h o r e  e a s t  

o f  t h e  l agoon  on S u r t s e y  f o r  t e s t i n g  t h e  g e r m i n a t i o n  a b i l i t y  of  

t h e  s e e d s .  There  were abou t  30 s e e d s  i n  t h e  p a n i c l e  be long ing  t o  

t h e  former  s p e c i e s ,  b u t  o n l y  4  i n  t h e  p a n i c l e  be long ing  t o  t h e  

l a t t e r  o n e .  

The g e r m i n a t i o n  a b i l i t y  o f  t h e s e  s e e d s  h a s  now been t e s t e d  

and none of  them d i d  g e r m i n a t e  a l t h o u g h  t h e y  seemed t o  be  f u l l y  

r i p e .  T h e r e f o r e  t h e  c o n c l u s i o n  must be t h a t  t h e  s e e d s  have 

p r o b a b l y  been i n j u r e d  by  t h e  s a l t  s e a  w a t e r  and l o s t  t h e i r  

g e r m i n a t i o n  a b i l i t y .  

The p r e s e n t  a u t h o r  made two t r i p s  t o  S u r t s e y  i n  1965,  t h e  

f i r s t  one on March 1 9 t h  and t h e  second one on A p r i l  4 t h .  

March 1 9 t h .  

Dur ing t h i s  v i s i t  t o  S u r t s e y  t h e  a u t h o r  was accompanied 

by M r .  S i g u r d u r  H a l l s s o n  and t h e  main purpose  was t o  s e a r c h  f o r  

p l a n t s  o r  p a r t s  of  p l a n t s  on t h e  l a v a  s h o r e s  o f  t h e  w e s t ,  s o u t h  

and s o u t h e a s t  c o a s t s  o f  t h e  i s l a n d .  No macroscopic  p l a n t s  o r  

p l a n t  p a r t s  were found a t  a l l  i n  t h e s e  p a r t s  o f  t h e  i s l a n d .  Some 

samples  of  r o c k  p i e c e s  were c o l l e c t e d  from t h e  s u r f a c e  o f  t h e  

l a v a  and b rough t  t o  Reybjavik  f o r  m i c r o s c o p i c  s t u d i e s ,  b u t  no 

s i g n  o f  any p l a n t s  were found on t h e s e  r o c k  p i e c e s .  Some few 

samples  o f  sand were a l s o  c o l l e c t e d  from t h e  narrow sand s t r i p  



i n  f r o n t  of  t h e  l a v a  on t h e  s h o r e  and from h o l e s  and f i s s u r e s  

i n  t h e  l a v a .  I n  one o f  t h e  samples  from a  s m a l l  and s h a l l o w  h o l e  

i n  t h e  l a v a  a  f ragment  o f  a  p e n n a t e  d ia tom f r u s t u l e  was found.  

Macroscopic p l a n t  p a r t s  were a l s o  s e a r c h e d  f o r  on t h e  e a s t  

c o a s t  between t h e  l a v a  and t h e  l agoon .  A t  t h e  h i g h  t i d e  mark t h e  

f o l l o w i n g  p l a n t  p a r t s  were found d r i f t e d  a s h o r e :  

C a k i l e  e d e n t u l a  ( B i g e l .  ) Hook. 2 4  s e e d s  

Ange l i ca  a r c h a n g e l i c a  L. 4  s e e d s  

The v i a b i l i t y  of  t h e s e  s e e d s  was t e s t e d  and t h e  r e s u l t s  

were a s  f o l l o w s :  

C a k i l e  e d e n t u l a  ( B i g e l . )  Hook. 1 5  s e e d s  t u r n e d  o u t  t o  be 

a l i v e  and a b l e  t o  g e r m i n a t e .  

Ange l i ca  a r c h a n g e l i c a  L. A l l  6 s e e d s  d i d  n o t  g e r m i n a t e .  

Some f ragments  o f  macroscopic  a l g a e ,  mos t ly  Ascop@yllum 

nodosum (Ld Le. J o l . ,  were a l s o  found on  t h e  s h o r e  a t  t h e  same 

p l a c e .  

A p r i l  4 t h .  

Dur ing t h i s  v i s i t  t o  S u r t s e y  macroscopic  p l a n t s  and p a r t s  o f  

p l a n t s  were mainly s e a r c h e d  f o r  on t h e  e a s t ,  n o r t h e a s t  and n o r t h  

c o a s t  of  t h e  i s l a n d .  Somewhat above t h e  h i g h  t i d e  mark wes t  o f  

t h e  n o r t h e r n  end o f  t h e  lagoon heaps  of  dead a l g a e ,  most ly  

Ascophyllum nodosum ( L . )  Le. J o l . ,  had been formed by t h e  s u r f  

and p a r t l y  covered  by s a n d .  These a l g a e  heaps  seemed t o  be 

e x c e l l e n t  h a b i t a t  f o r  microorganisms a s  long  a s  i t  was n o t  q u i t e  

covered  by s a n d .  

E a s t  and s o u t h  o f  t h e  lagoon p a r t s  o f  t h e  f o l l o w i n g  p l a n t s  

were found d r i f t e d  a s h o r e .  

V a s c u l a r  p l a n t s :  

C o c h l e a r i a  o f f i c i n a l i s  L. Some few s m a l l  and f r e s h  g r e e n  

b a s a l  l e a v e s .  



M a t r i c a r i a  m a r i t i m a  L. 20-30 s m a l l  f r e s h  g r e e n  b a s a l  l e a v e s .  

- P o a  p r a t e n s i s  L. Some 30 f r e s h  g r e e n  l e a v e s ,  some o f  them 

w i t h  l i g u l e s  and  s h e a t h s .  

A lgae :  

Ascophyl lum nodosum ( L . )  Le.  J o l .  Some 30 t h a l l u s  f r a g m e n t s ,  

one  o f  them w i t h  a n  e p i p h y t i c  growing  E c t o c a r p u s  s p .  

Fucus  i n f l a t u s  L,  and  Fucus  v e s i c u l o s u s  L. Some few t h a l l u s  

f r a g m e n t s  o f  e a c h  s p e c i e s .  

Enteromorpha  s p .  2 t h a l l u s  f r a g m e n t s ,  

L i t e r a t u r e  

E i n a r s s o n ,  E. 1965:  R e p o r t  on  D i s p e r s a l  o f  P l a n t s  t o  S u r t s e y .  

S u r t s e y  R e s e a r c h  P r o g r e s s  R e p o r t  I ,  R e y k j a v i k .  



B i r d s  obse rved  on S u r t s e y  

by 
F innur  Gudmundsson 

Museum of N a t u r a l  H i s t o r y  

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

The f o l l o w i n g  n o t e s  on b i r d s  observed on S u r t s e y  a r e  based 

on  o b s e r v a t i o n s  made by v a r i o u s  s c i e n t i s t s  who have v i s i t e d  t h e  

i s l a n d  a t  one  t ime  o r  a n o t h e r .  The a u t h o r  of  t h i s  r e p o r t  made 

t h r e e  v i s i t s  t o  S u r t s e y  i n  1965,  v i z .  on February  20 ,  A p r i l  4 ,  

and June 3 .  On t h e  f i r s t  two t r i p s  he was accompanied by Agnar 

I n g 6 l f s s o n  and on t h e  t h i r d  t r i p  by Arnth6r  Gardarsson ,  F u r t h e r -  

more, Agnar I n g 6 l f s s o n  v i s i t e d  t h e  i s l a n d  a g a i n  on September 7 ,  

1965. The o r n i t h o l o g i c a l  o b s e r v a t i o n s  made d u r i n g  t h e s e  f o u r  

v i s i t s  have been g r e a t l y  augmented by i n f o r m a t i o n  s u p p l i e d  by 

S i g u r d u r  Thorar  i n s s o n  and S t u r  l a  Fr i d r i k s s o n ,  and some i n f o r m a t i o n  

h a s  a l s o  been r e c e i v e d  from Eythor  E i n a r s s o n  and S v e r r i r  Scheving 

T h o r s t e i n s s o n .  

A s  t h e  e x i s t i n g  i n f o r m a t i o n  a b o u t  b i r d  l i f e  on S u r t s e y  h a s  

been o b t a i n e d  by s c i e n t i s t s  i n  v a r i o u s  f i e l d s  who have o n l y  made 

s h o r t  v i s i t s  t o  t h e  i s l a n d  and a t  i r r e g u l a r  i n t e r v a l s ,  it is 

obv ious  t h a t  t h i s  i n f o r m a t i o n  must be f ragmenta ry .  I f  a n  o b s e r v e r  

had been s t a t i o n e d  on t h e  i s l a n d  f o r  l o n g e r  p e r i o d s  t h e r e  is  no 

doubt  t h a t  many more b i r d s  would have been s e e n ,  and p a r t i c u l a r l y  

s o  i f  t h e  i s l a n d  had been manned d u r i n g  t h e  m i g r a t i o n  p e r i o d s  

i n  s p r i n g  and autumn. 

A s  y e t  no b i r d s  have n e s t e d  on S u r t s e y ,  b u t  i n  view of  

t h e  f a c t  t h a t  t h e  Vestmann I s l a n d s  a r e  occup ied  by huge s e a  

b i r d  c o l o n i e s ,  i t  w i l l  p r o b a b l y  n o t  be  long  b e f o r e  t h e  f i r s t  

b i r d s  w i l l  s t a r t  n e s t i n g  t h e r e .  The s u c c e s s i v e  c o l o n i z a t i o n  of  

S u r t s e y  by b i r d s  is  p e r  se o f  c o n s i d e r a b l e  e c o l o g i c a l  i n t e r e s t  -- 
and t h e r e f o r e  d e s e r v e s  f u l l  a t t e n t i o n .  A v i r g i n  i s l a n d  l i k e  

S u r t s e y  f u r t h e r m o r e  p r o v i d e s  un ique  o p p o r t u n i t i e s  f o r  s t u d y i n g  



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

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

i n  t h i s  c a s e  t h e  body of  wa te r  s e p a r a t i n g  S u r t s e y  from t h e  o t h e r  

i s l a n d s  o f  t h e  a r c h i p e l a g o  and from t h e  mainland of  I c e l a n d .  I t  

would a l s o  be  o f  c o n s i d e r a b l e  i n t e r e s t  t o  c o l l e c t  c e r t a i n  migra-  

t o r y  b i r d s  on S u r t s e y  when t h e y  r e t u r n  from t h e i r  w i n t e r  q u a r t e r s  

i n  s p r i n g .  S u r t s e y  is now t h e  sou the rnmos t  p o i n t  of I c e l a n d  and 

many m i g r a t o r y  b i r d s  w i l l  no doubt  make u s e  of  t h e  i s l a n d  a s  t h e i r  

f i r s t  l a n d i n g - p l a c e  when r e a c h i n g  I c e l a n d  i n  s p r i n g .  The v i a b i l i t y  

o f  any s e e d s  found i n  t h e  a l i m e n t a r y  c a n a l  o f  such  b i r d s  s h o u l d  

b e  t e s t e d  by g e r m i n a t i o n  e x p e r i m e n t s  i n  o r d e r  t o  f i n d  o u t  i f  

and t o  what e x t e n t  b i r d s  may i n  t h e  p a s t  have c o n t r i b u t e d  t o  

t h e  c o l o n i z a t i o n  o f  I c e l a n d  by p l a n t s .  The same a l s o  a p p l i e s  t o  

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

sometimes r e a c h  I c e l a n d  i n  l a r g e  numbers i n  autumn and s p r i n g  and 

w i l l  no doubt  a l s o  t u r n  up on S u r t s e y  ( c f .  t h e  t u r t l e  dove l i s t e d  

be low) .  

L i s t  o f  S p e c i e s .  

O y s t e r c a t c h e r  (Haematopus o s t r a l e g u s ) .  I n  1964 s e v e n  

o y s t e r c a t c h e r s  were s e e n  on t h e  i s l a n d  on May 1 4 .  I n  1965 f i v e  

w e r e  s e e n  on A p r i l  4 ,  t h r e e  on May 9 ,  and i n  t h e  a f t e r n o o n  o f  

June  3 seven  came f l y i n g  from NE toward t h e  i s l a n d ,  where t h e y  

s e t t l e d .  I n  a l l  t h e s e  c a s e s  t h e  o y s t e r c a t c h e r s  f r e q u e n t e d  t h e  

sandy beach on t h e  n o r t h  s i d e  o f  t h e  i s l a n d  and on A p r i l  4  t h e y  

were  s e e n  f e e d i n g  on l i v i n g  Euphausids  washed upon t h e  s h o r e  by 

t h e  s u r f .  

Ringed P l o v e r  ( C h a r a d r i u s  h i a t i  c u l a )  . On August 1 9 ,  1965,  

two r i n g e d  p l o v e r s  were encoun te red  on t h e  sandy n o r t h  beach .  

Turns tone  ( A r e n a r i a  i n t e r p r e s ) .  I n  1965 t u r n s t o n e s  were 

t w i c e  obse rved  on  t h e  i s l a n d .  On A p r i l  4  s i x  t u r n s t o n e s  were  

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

and on September 7 a  f l o c k  of f i f t e e n  t u r n s t o n e s  was s e e n  i n  t h e  

westernmost  p a r t  o f  t h e  sandy n o r t h  beach .  The same day 8 t u r n -  

s t o n e s  were obse rved  on t h e  l a v a  edge on t h e  s o u t h  s i d e  o f  t h e  

i s l a n d .  



Knot ( C a l i d r i s  c a n u t u s ) .  On September 7 ,  1965,  one k n o t  
P 

was among t h e  t u r n s t o n e s  on t h e  sandy n o r t h  beach.  

P u r p l e  Sandp ipe r  ( C a l i d r i s  naarititna) . On January  3 1 ,  

1965,  a  number o f  p u r p l e  s a n d p i p e r s  was encoun te red  on t h e  

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

Dunl in  ( C a l i d r i s  a l p i n a ) ,  Two d u n l i n s  were s e e n  on  t h e  

i s l a n d  on May 1 4 ,  1964.  

Sander l i n g  ( C r o c e t h i a  a l b a )  . Qn September 7 ,  1965,  f o u r  

s a n d e r l i n g s  were a s s o c i a t i n g  w i t h  t u r n s t o n e s  on t h e  sandy n o r t h  

beach.  

Red-necked P h a l a r o p e  ( P h a l a r o p u s  l o b a t u s ) .  On June 7 ,  

1964,  f o u r t e e n  red-necked p h a l a r o p e s  were swimming c l o s e  t o  t h e  

s h o r e  on t h e  wes t  s i d e  of t h e  i s l a n d  and on August 1 l a r g e  f l o c k s ,  

amounting t o  hundreds  s f  b i r d s ,  were found swimming c l o s e  t o  t h e  

s h o r e s  o f  t h e  i s l a n d ,  I n  e a r l y  August 1965 red-necked p h a l a r o p e s  

were a g a i n  s e e n  i n  l a r g e  numbers c l o s e  t o  t h e  i s l a n d ,  and on 

September 7  e i g h t  were encoun te red  o f f  t h e  westernmost  p a r t  of  

t h e  i s l a n d .  

Grea t  Black-backed G u l l  (Larhls mar inus9  

Her r ing  G u l l  ( L a r u s  a r g e n t a t u s )  

Glaucous G u l l  ( L a r u s  hyperboreus )  

Already a t  a n  e a r l y  s t a g e  s f  t h e  S u r t s e y  e r u p t i o n  t h e  new 

i s l a n d ,  which r a p i d l y  i n c r e a s e d  i n  s i z e ,  was used by g u l l s  a s  a  

r e s t i n g  p l a c e ,  Thus on December 1, 1963,  o r  on ly  two weeks a f t e r  

t h e  e r u p t i o n  had s t a r t e d ,  u n i d e n t i f i e d  g u l l s  were s e e n  t o  a l i g h t  

on  t h e  i s l a n d  d u r i n g  i n t e r v a l s  between e x p l o s i v e  e r u p t i o n s .  L a t e r  

on when t h e  e r u p t i o n  had changed from a n  e x p l o s i v e  t o  a n  e f f u s i v e  

phase  g u l l s  g r a d u a l l y  s t a r t e d  t o  r e s t  r e g u l a r l y  on t h e  sandy 

n o r t h e r n  beach o f  t h e  i s l a n d .  There  a t y p i c a l  g u l l  r o o s t  soon 

developed where g u l l s  i n  v a r y i n g  numbers were s e e n  th roughou t  

t h e  summer o f  1964. On February  2 0 ,  1965,  a t  l e a s t  50  g u l l s  

were s e e n  r e s t i n g  i n  t h i s  p a r t  of  t h e  i s l a n d .  Most of  t h e s e  

b i r d s  were g r e a t  black-backed g u l l s  and among them immature 



and  s u b a d u l t  b i . rd s  g r e a t l y  outnumbered a d u l t s .  Among t h e  g r e a t e r  

b l a c k - b a c k s  t h e r e  were, however ,  a  few g l a u c o u s  g u l l s  and  a  few 

h e r r i n g  g u l l s .  On A p r i l  4  r e l a t i v e l y  few g u l l s  were p r e s e n t  on 

t h e  i s l a n d , b u t  t h i s  t i m e  t h r e e  a d u l t  h e r r i n g  g u l l s  were s e e n  n e a r  

t h e  l a g o o n .  I n  l a t e  A p r i l  and  i n  May t h e r e  were a g a i n  many g u l l s  

r o o s t i n g  on  t h e  i s l a n d ,  b u t  on J u n e  3 o n l y  n i n e  g r e a t e r  b l a c k -  

b a c k s  ( 5  j u v e n i l e ,  2  s u b a d u l t ,  and  2 a d u l t  b i r d s )  and  two a d u l t  

h e r r i n g  g u l l s  were e n c o u n t e r e d .  Throughout  t h e  summer 1965  g u l l s  

were r o o s t i n g  on  t h e  i s l a n d  i n  v a r y i n g  numbers and  on September  7 ,  

1965 ,  a b o u t  80 g u l l s  were  p r e s e n t ,  3 0  on  t h e  s andy  n o r t h e r n  b e a c h  

a n d  5 0  o n  t h e  s h o r e  be low t h e  l a v a  c l i f f s  o n  t h e  s o u t h  s i d e  o f  

t h e  i s l a n d .  The m a j o r i t y  o f  t h e s e  b i r d s  a p p e a r e d  t o  b e  g r e a t e r  

b l a c k - b a c k s ,  w h i l e  a  few g l a u c o u s  g u l l s  and  h e r r i n g  g u l l s  were 

a l s o  p r e s e n t .  

K i t t i w a k e  ( R i s s a  t r i d a c t y l a ) .  Along  w i t h  t h e  t r u e  g u l l s  

o f  t h e  g e n u s  L a r u s  k i t t i w a k e s  were p r o b a b l y  t h e  f i r s t  b i r d s  t o  

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

o n  t h e  i s l a n d .  D u r i n g  t h e  s p r i n g  a n d  summer o f  1964  s m a l l  f l o c k s  

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

a n d  r i d g e s  away f rom t h e  L a r u s  g u l l s  w h i c h  o c c u p i e d  t h e  f l a t ,  

s andy  b e a c h .  But  i n  1965  k i t t i w a k e s  s t a r t e d  t o  occupy low 

v e r t i c a l  c l i f f s  wh ich  h a s  by now been  formed a t  t h e  l a v a  f r o n t  

by m a r i n e  a b r a s i o n ,  The f i r s t  t i m e  k i t t i w a k e s  were  found  t o  

occupy s u c h  s i t e s  was on J u n e  3 ,  1965 ,  when t h r e e  a d u l t  b i r d s  

a n d  o n e  immature  b i r d  were s i t t i n g  on  c l i f f  l e d g e s  on  t h e  w e s t  

s i d e  o f  t h e  i s l a n d .  A month l a t e r  ( o n  J u l y  3 )  t h e  number o f  

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

c l i f f s  i n  t h i s  p a r t i c u l a r  p l a c e  had by now become white-washed 

by e x c r e m e n t s ,  On J u l y  2 4  no l e s s  t h a n  70-80 k i t t i w a k e s  were 

o c c u p y i n g  t h i s  p a r t  o f  t h e  c l i f f s ,  and  t h e  same day a  f l o c k  of  

a b o u t  5 0  k i t t i w a k e s  was r e s t i n g  i n  t h e  l ower  p a r t  o f  a  s t e e p  

t e p h r a  b l u f f  on  t h e  n o r t h  s i d e  o f  t h e  i s l a n d .  Qn September  7  

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

t h e  w e s t  and  s o u t h  s i d e  o f  t h e  i s l a n d .  A l t o g e t h e r  120  k i t t i -  

wakes were c o u n t e d  i n - t h e s e  f o u r  p l a c e s ,  Most o f  t h e s e  b i r d s  



were young of  t h e  y e a r ,  a  few were second y e a r  b i r d s  b u t  no 

a d u l t s  were p r e s e n t .  The same day t h r e e  young k i t t i w a k e s  were 

s i t t i n g  on t h e  sandy beach on  t h e  n o r t h  s i d e  o f  t h e  i s l a n d .  

Arctic Tern  ( S t e r n a  p a r a d i s a e a ) ,  On June  7 ,  1964,  a  few 

a r c t i c  t e r n s  were s e e n  on t h e  i s l a n d .  

Common Gui l l emot  (Ur ia  a a l g e )  . O i l e d  s p e c i m e n t s  of  - Uria  

a a l g e  were r e p e a t e d l y  encoun te red  on t h e  i s l a n d ,  t h e  f i r s t  one  

b e i n g  found on October  1 5 ,  1964.  I n  1965 one was found on January  

3 1 ,  f i v e  on February  2 0 ,  one  on A p r i l  2 9 ,  t h r e e  on  May 9  and 

one on August 1 7 .  A l l  t h e s e  b i r d s  were s t i l l  a l i v e  when found ,  

b u t  they  a p p a r e n t l y  d i e d  soon  a f t e r w a r d s  and were  l a t e r  e a t e n  

by s c a v e n g e r s  ( r a v e n s  and/or  g u l l s ) .  

T u r t l e  Dove ( S t r e p t o p e l i a  t u r t u r ) .  On October  4 ,  1964,  

a  t u r t l e  dove was s e e n  by S t u r l a  F r i d r i k s s o n  i n  t h e  l a v a  f low 

i n  t h e  s o u t h w e s t e r n  p a r t  o f  t h e  i s l a n d .  The t u r t l e  dove is 

known a s  a n  i r r e g u l a r  d r i f t  migran t  t o  I c e l a n d ,  p a r t i c u l a r l y  i n  

autumn and s p r i n g .  

Raven (Corvus c o r a x ) .  I n  t h e  f i r s t  h a l f  of  1965 two r a v e n s  

were r e g u l a r l y  encoun te red  on t h e  i s l a n d .  They were  f i r s t  s e e n  on 

January  31, b u t  a g a i n  on February  2 0 ,  February  28 ,  March 1 3 ,  

March 19 and on May 9 .  These two b i r d s  were a t  f i r s t  b e l i e v e d  

t o  be  a  p a i r  and i t  was though t  t h a t  they  might  e v e n t u a l l y  n e s t  

on t h e  i s l a n d ,  b u t  t h e y  d i s a p p e a r e d  sometime i n  May. 

Redwing (Turdus  i l i a c u s ) .  During m i g r a t i o n  redwings  were 

o c c a s i o n a l l y  e n c o u n t e r e d  on t h e  i s l a n d .  Thus on  A p r i l  1 6 ,  1964 ,  

a  few redwings  were s e e n .  On October  15  one was s e e n  i n  t h e  l a v a  

w e s t  o f  t h e  c r a t e r  and on November 25  a  few were s e e n  on t h e  

sandy n o r t h  beach and around t h e  lagoon.  I n  1965 on t h e  o t h e r  

hand no redwings  were s e e n  e x c e p t  on October  4 ,  when a  few were 

s e e n  i n  t h e  l a v a  and nea r  t h e  l agoon .  

Wheatear (Oenanthe o e n a n t h e ) ,  I n  1965 w h e a t e a r s  were 

obse rved  on t h e  i s l a n d  on t h r e e  d i f f e r e n t  o c c a s i o n s .  Qn J u l y  3  

two were s e e n  a t  t h e  west  s i d e  o f  t h e  l a v a  f l o w .  On September 7  



two were s e e n  i n  t h e  l a v a  s o u t h  o f  t h e  c r a t e r  and on October  4  

a  few were s e e n  i n  t h e  l a v a  n e a r  t h e  c r a t e r  and one was found 

dead west o f  t h e  c r a t e r .  

Snow Bunt ing  ( P l e c t r o p h e n a x  n i v a l i s ) .  Snow Bunt ings  were 

encoun te red  on t h e  i s l a n d  on t h r e e  o c c a s i o n s  i n  1964 b u t  never  

i n  1965. On May 1 4 ,  1964,  one  snow b u n t i n g  was s e e n ,  on August 19  

two were s e e n  f l y i n g  over  t h e  l a v a  f low and on October  1 0  s e v e r a l  

were s e e n  i n  t h e  l a v a .  

I n  a d d i t i o n  t o  t h e  s p e c i e s  l i s t e d  above v a r i o u s  s p e c i e s  of  

s e a  b i r d s  have a t  d i f f e r e n t  t i m e s  been s e e n  a t  s e a  around t h e  

i s l a n d .  Among t h e s e  f u l m a r s  (Fulmarus g l a c i a l i s )  and g a n n e t s  

(Sula  b a s s a n a )  have p robab ly  been t h e  most r e g u l a r l y  o c c u r r i n g  

s p e c i e s .  It may a l s o  be mentioned t h a t  on June  3 ,  1965,  two 

g e e s e  ( p r o b a b l y  p ink-footed  g e e s e  (Anser b rachyrhynchus ) )  were 

s e e n  f l y i n g  o v e r  t h e  i s l a n d  and t h e  same day goose d r o p p i n g s  

were found on  t h e  sandy beach on i ts  n o r t h  s i d e .  T h i s  shows 

c l e a r l y  t h a t  g e e s e  must have r e s t e d  t h e r e .  

A number of dead b i r d s  h a s  a l s o  been found washed upon t h e  

s h o r e  of t h e  i s l a n d .  Thus on June  3 ,  1965,  no less t h a n  t h i r t e e n  

f u l m a r s ,  p a r t l y  e a t e n  by s c a v e n g e r s ,  were found a l o n g  t h e  t i d e  

l i n e ,  and t h e  same day a  r a z o r b i l l  (Alca t o r d a )  was found dead 

on  t h e  s h o r e .  And on A p r i l  4 ,  1965,  a  m a l l a r d  (Anas L p l a t y r h y n c h o s )  

was found washed upon t h e  s h o r e .  T h i s  was a n  a d u l t  male .  Other  

dead b i r d s  found on  t h e  s h o r e  were g u l l s ,  k i t t i w a k e s  and common 

g u i l l e m o t s .  



R e p o r t  on  R e s e a r c h  i n  Mycology, 3 0  March - 5  A p r i l ,  1966 .  

by 

T.W. J o h n s o n ,  Jr .  
Duke U n i v e r s i t y ,  

N o r t h  C a r o l i n a ,  U.S.A. 

The f o l l o w i n g  is a  b r i e f  r e p o r t ,  i n  c o m p l i a n c e  w i t h  I c e l a n d i c  

r e g u l a t i o n s ,  on  work done  by myse l f  and  W.L. Howard ( g r a d u a t e  

a s s i s t a n t )  i n  I c e l a n d ,  3 0  March - 5 A p r i l ,  1 9 6 5 .  

Four  d a y s  were s p e n t  i n  c o l l e c t i n g  s a m p l e s  o f  d r i f t w o o d  from 

s h o r e l i n e  l o c a t i o n s  on  t h e  West and S o u t h  c o a s t s .  Fung i  were found 

i n  73  of  t h e s e  c o l l e c t i o n s .  Spec imens  were  removed from t h e  sub-  

s t r a t u m  a n d  p r e s e r v e d  i n  s m a l l  v i a l s  o f  f o r m a l i n .  

I n  a d d i t i o n ,  40 s o i l  s a m p l e s  were c o l l e c t e d .  These  were  a i r -  

d r i e d ,  packaged  and  s t o r e d .  S o i l  samples were t a k e n  from d i v e r s e  

e c o l o g i c a l  h a b i t a t s ,  a l o n g  s h o r e l i n e s ,  r o a d s ,  and  from open  a r e a s  

unde r  mosses  a n d  l i c h e n s .  

A l l  s a m p l e s  a r e  t o  be  t a k e n  t o  t h e  i n v e s t i g a t o r ' s  l a b o r a t o r y .  

Fung i  o c c u r r i n g  on  d r i f t w o o d  w i l l  b e  s e c t i o n e d  and  i d e n t i f i e d ,  and 

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

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

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

and  p o l l e n  i n  t h e  d i s h e s .  By t h i s  method ,  w e  s h o u l d  b e  a b l e  t o  

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

C o l l e c t i n g  a r e a s :  

( 1 )  S o u t h  s h o r e  o f  H v a l f j o r d u r ,  N o r t h  o f  R e y k j a v i k  

( 2 )  S h o r e l i n e  of  c o a s t a l  embayments E a s t  o f  H a f n i r  

( 3 )  Hot s p r i n g s  a r e a  N o r t h  o f  K r i s u v i k  

( 4 )  S h o r e l i n e  o f  S o u t h  c o a s t  o f  R e y k j a n e s  P e n i n s u l a ,  

a p p r o x i m a t e l y  2 0  km E a s t  o f  G r i n d a v i k ,  



When t h e  f u n g i  a r e  i d e n t i f i e d ,  a  comple t ed  l i s t ,  t o g e t h e r  

w i t h  s p e c i m e n s ,  w i l l  b e  s e n t  f o r  d e p o s i t  t o  Dr .  E y t h o r  E i n a r s s o n ,  

N a t u r a l  H i s t o r y  Museum, R e y k j a v i k  

On 4 A p r i l  1 9 6 5 ,  a  s u r v e y  f o r  f u n g a l  s u b s t r a t e s  was made on  

S u r t s e y .  D r i f t w o o d  o c c u r r i n g  on  t h e  E a s t ,  N o r t h  and  N o r t h e a s t  c o a s t s  

was g e n e r a l l y  v e r y  d r y ,  and  a p p a r e n t l y  had n o t  b e e n  immersed i n  

s e a w a t e r  l o n g  enough t o  become i n f e s t e d  by m a r i n e  f u n g i .  A few b i t s  

o f  d r i f t w o o d ,  o b v i o u s l y  i n f e s t e d  were found a l o n g  t h e  s h o r e  of  t h e  

s m a l l  l a g o o n .  D r i f t  a l g a e ,  p r i m a r i l y  Ascophyl lum, were a l s o  found .  

These  were l i v i n g  o r  dead  segmen t s  o f  whole p l a n t s .  Specimens of  

t h e  dead  m a t e r i a l  were c o l l e c t e d ,  and  w i l l  b e  i n c u b a t e d  s u b s e q u e n t l y  

f o r  f u n g i .  Common a i r - b o r n e  molds  a r e  known t o  o c c u r  on  d e c a y i n g  

s e a w e e d s ,  s o  i t  i s  p o s s i b l e  t h a t  t h i s  s u b s t r a t u m  w i l l  b e  one  s o u r c e  

o f  f u n g a l  i n v a s i o n  on  S u r t s e y .  

A c a r e f u l  s u r v e y  o f  l a v a  r o c k s  a l o n g  t h e  S o u t h  c o a s t  o f  

S u r t s e y  was made f o r  a t t a c h e d  a l g a e ;  none was f o u n d ,  The r o c k y  s h o r e  

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

I t  is  p o s s i b l e  t h a t  t h e  s c o u r i n g  a c t i o n  of  w a t e r - b o r n e  l a v a  p a r t i c l e s  

w i l l  p r e v e n t  t h e  deve lopment  o f  a l g a e  f o r  some t i m e ,  b u t  t h i s  s h o u l d  

b e  checked  f r e q u e n t l y .  



P r e l i m i n a r y  Study of t h e  Development of  P o p u l a t i o n  

o f  Marine Algae on S t o n e s  T r a n s f e r r e d  from 

S u r t s e v  t o  Heimaev 1965 

by 
S .  V .  H a l l s s o n ,  B.Sc. 

During t h e  S u r t s e y  Biology Conference  h e l d  i n  May 1965 i n  

Reykjavik  i t  had been s u g g e s t e d  t h a t  s e l e c t e d  s u b s t r a t e  from S u r t s -  

e y  be t r a n s f e r r e d  t o  a n  a d j a c e n t  r e g i o n  w i t h  a  known f l o r a  i n  o r d e r  

t o  f o l l o w  t h e  development o f  p o s s i b l e  a l g a l  p o p u l a t i o n  on  s u c h  a  

s u b s t r a t e ,  and t o  s t u d y  t h e  f a c t o r s  on which c o l o n i z a t i o n  o f  mar ine  

a l g a e  depends.  

T h i s  r e p o r t  d e s c r i b e s  p r e l i m i n a r y  exper iments  i n t e n d e d  t o  

throw l i g h t  upon some o f  t h e  f a c t o r s  govern ing  t h e  s e t t l e m e n t  and 

p o p u l a t i o n  of  mar ine  a l g a e  on v i r g i n  r o c k .  

On t h e  3 r d  of  June  1965 S.  J6nsson  and t h e  w r i t e r  t r a n s f e r r e d  

two s t o n e s  ( s i z e  a p p r o x ,  1 0  x 20  cm) o f  d i f f e r e n t  shape  and phys i -  

c a l  n a t u r e ,  from t h e  h i g h e r  l i t t o r a l  zone on t h e  n o r t h - e a s t  s h o r e  

o f  S u r t s e y  t o  Heimaey, t h e  main i s l a n d  of Vestmannaeyjar .  The 

s t o n e s  were marked w i t h  chrome-yellow mar ine  l a c q u e r  and thrown 

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

c a l l e d  U r d i r ,  s o u t h - e a s t  of  t h e  harbour  i n  Heimaey. The r o c k  

a d j a c e n t  t o  t h e  s i t e  o f  t h e  s t o n e s  was a l s o  p a i n t e d  w i t h  a r r o w s  

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

s t o n e s  ( s t o n e  1 ) )  which  h a s  a n  o v a l  and smooth s u r f a c e ,  l anded  

i n  t h e  lower l i t t o r a l  zone b e s i d e  a  l a r g e  r o c k  covered  w i t h  

Acros iphon ia  and Porphyra .  The second s t o n e  ( s t o n e  2 ) ,  o f  i r r e g u l a r  

shape  w i t h  l a r g e  h o l e s  on t h e  s u r f a c e ,  l anded  i n  t h e  upper  l i t t o r a l  

zone  amongst p r o l i f i c  a l g a l  v e g e t a t i o n ,  o f  which t h e  f o l l o w i n g  

a l g a e  and a n i m a l s  were obse rved :  Porphyra ,  B a r n a c k l e s ,  Ascophyllum 

nodosum, G i g a r t i n a  s t e l l a t a ,  Ceramium acanthonotum, Rhodymenia 

p a l m a t a ,  Fucus i n f l a t u s ,  Acros iphon ia  a l b e s c e n s ,  Ulva l a c t u c a  and 

Enteromorp&a s p e c i e s .  



When examined on, t h e  2 0 t h  o f  J u l y ,  a b o u t  seven  weeks l a t e r ,  

no a l g a e  o r  a n i m a l s  were found on s t o n e  1 i n  t h e  lower l i t t o r a l  

zone .  S t o n e  2 i n  t h e  h i g h e r  l i , t t s r a l .  zone ,  h,owever, was a l r e a d y  

popula  t e d  by v a r i o u s  s p e c i e s  of Di.a toms (muci lage  of  Schyzimenia , 
Licrnophsra and - F r a g e l l a r i a )  Uruspora m i r a b i l i s  ( f e r t i l e ) ,  young 

Ulva ,  young Ae.rssi.phonia a , l b e s c e n s ,  Rhodymenia palnnata and by a 

f ragment  of  Caraxni.bu.m acmnthonoturn and C o r a l l i n a  o f f  i . c i n a l i s ,  Young 

b a r n a c l e s ,  s e a - - s n a i l s  and worms were a l s o  fsu.nd,  Three months l a t e r ,  

i . e ,  on t h e  8 t h  s f  September,  t h e  Diatoms were s t i l l  p r e s e n t  on 

s t o n e  2 ,  p a r t i c u l a r l y  o n  i ts  b a s e ,  The Enterornorpha now covered  

h a l f  o f  t h e  stone a l o n g  w i t h  Ulva,  Acros iphon ia  a l b e s c e n s ,  young 
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Fucus  and Porphyra ,  whach was a f f i x e d  i n  t h e  h o l e s ,  and few s p e c i -  

men of  Ceramiurn rubrum, Calli thamtaism and s t e r i l e  E c t o c a r p u s .  

Dur ing  t h e  summer of 1965 no v e g e t a t i o n  was e s t a b l i s h e d  on 

t h e  p e b b l e  s h o r e  s f  S u r t s e y  fsom where t h e  r o c k  samples  had been 

t a k e n ,  The o n l y  v e g e t a t i o n  e n c o ~ ? n t e r e d  was found on f i r m  s u b s t r a t e ,  

on  t h e  west  c o a s t  af the! i s l a n d  ( s e e  S ,  d6nsson,  t h i s  r e p o r t ) ,  

I t  map be me.ntxone?d h e r e  t h a t  two a d d i t i o n a l  s t o n e s  ( s t o n e  3 

w i t h  a  smooth s u r f a c e  a n d  s t o n e  4 of i r r e g u l a r  shape  w i t h  l a r g e  

h o l e s )  were t r a n s f e r r e d  t o  R e y k ~ a v i k  on the 3 r d  s f  June  and p l a c e d  

on  t h e  beach west  of Reykjavik  on t h e  5 t h  s f  J u n e ,  

KO a l g a e  were found  d u r i n g  1965 on  s t o n e  4 ,  which had been 

p l a c e d  i n  t h e  B o w e r  k l t t o r a l  (Fucus s e r r a t u s )  zone,  b u t  g r e e n  a l g a e  

was observed on stone> 3 s n  t h e  upper  l i t t o r a l  (Ascsphyllum) z o n e ,  

one  month a f t e r  the, t r z , n s f e r e n c e ,  o r  on t h e  6 t h  of J u l y ,  About a 

week l a t e r  U l w a  was found growing on t h i s  s t o n e  and a  s e a - s n a i l  
P 

was a f f i x e d  o n  i t s  b a s e ,  

The a l g a e  found around s t o n e  3 were Ascsphyllum nodosum, 

P o l y s i p h o n i a  f a s t i g i a t a ?  En te ronorpha ,  Pucus v e s i c u l s s u s ,  

D i c t y o s i p h s n ,  Acros iphon ia  a  kbescens ,  Ulva l a c t u c a  and Borphyra . 
Although t h e  sta~es s t u d i e d  were r e l a t i v e l y  v v o l d q q  and newer 

r o c k  from S u r t s e y  shoteld be s t u d i e d  and examined a t  s h o r t e r  i n t e r -  

v a l s ,  t h i s  p r e l i m i n a r y  s t u d y  throws l i g h t  upon two important 



f a c t o r s  d e l a y i n g  t h e  c o l o n i z a t i o n  of  mar ine  a l g a e  i n  S u r t s e y :  

( 1 )  The d i s t a n c e  o f  a l g a l  p o p u l a t i o n  from S u r t s e y  ( t h e  

n e a r e s t  i s l a n d ,  G e i r f u g l a s k e r ,  is  4 .4  km from S u r t s e y ) .  

(2 )  The ext reme m o b i l i t y  of  t h e  s u b s t r a t e .  

One of  t h e  s p e c i a l  f a c t o r s  t h a t  opposed c o l o n i z a t i o n  o f  

mar ine  a l g a e  on S u r t s e y  d u r i n g  g r e a t  p a r t  o f  1965 was t h e  s c o u r i n g  

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

( s e e  S. J6nsson ,  t h i s  r e p o r t ) .  

T h i s  exper iment  a l s o  c o n f i r m s  what w e  obse rved  i n  S u r t s e y  

( s e e  S.  JGnsson, t h i s  r e p o r t )  t h a t  d ia toms  and g r e e n  f i l a m e n t o u s  

a l g a e  a r e  t h e  f i r s t  s e t t l e r s  on v i r g i n  s u b s t r a t e .  

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

c o l o n i z a t i o n  is dependant  on t h e  s e a s o n a l  v a r i a t i o n  and on c e r t a i n  

c o m p e t i t i o n  between t h e  s p e c i e s .  



I n i t i a l  S e t t l e m e n t  o f  Mar ine  B e n t h i c  A l g a e  

on  t h e  Rocky S h o r e  o f  S u r t s e y ,  t h e  N e w  V o l c a n i c  

I s l a n d  i n  t h e  Nor th  A t l a t n i c  

S i g u r d u r  J 6 n s s o n  
L a b o r a t o i r e  d e  B o t a n i q u e  de  l a  S o r b o n n e ,  

P a r i s  

The o c c u r r e n c e  o f  b a r r e n  r o c k y  s h o r e  o f  S u r t s e y  c o v e r i n g  

a b o u t  t h e  t h r e e - q u a r t e r s  o f  t h e  7-8 km l o n g  c o a s t l i n e  makes it 

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

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

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

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

h a s  a l s o  b e e n  u n d e r t a k e n  o f  d r i f t w e e d s  washed a s h o r e  f o r  t h e  

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

t o  S u r t s e y .  

1. A l g a l  c o l o n i z a t i o n  

My f i r s t  l a n d i n g  on  S u r t s e y  was made f rom a  s m a l l  i n l e t  a t  

t h e  SE c o a s t  o f  t h e  i s l a n d ,  on August  2 9 ,  1964 .  The v o l c a n i c  

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

b e e n  r u n n i n g  i n t o  t h e  s e a  f o r  a b o u t  6  mon ths ,  was t h e n  s t i l l  g o i n g  

o n .  The SE c o a s t  was c r e a t e d  by two l a v a  f l o w s  o f  d i f f e r e n t  a g e s .  

The more r e c e n t  f l o w  ( f i g .  1 , 1 ) ,  s i t u a t e d  SW o f  t h e  l a n d i n g  p o i n t ,  

o f f e r e d  a  r o c k y  s h o r e  a p p a r e n t l y  un touched  by m a r i n e  e r o s i o n .  But  

t h e  o l d e r  f l o w  ( f i g .  1 , 2 ) ,  e x t e n d i n g  t o w a r d s  NE, was c o v e r e d  by 

b o u l d e r s ,  g r a v e l  o r  s a n d  i n t e r r u p t e d  by p r o m o n t o r i e s .  No macro- 

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

o f  d r i f t e d  a l g a e ,  s u c h  a s  Ascophyl lum nodosum. Some s t o n e  p i e c e s  

were  d e t a c h e d  i n  t h e  uppe r  l i t t o r a l  r e g i o n  f rom t h e  s o l i d  r o c k y  

s u b s t r a t e  o f  t h e  two 1a;a f l o w s  and  p r e s e r v e d  f o r  f u r t h e r  s t u d y  

i n  5% f o r m a l i n  s e a w a t e r .  



Microscop ic  examina t ion  of  s l i d e s  o b t a i n e d  by s c r a p i n g  

t h e  s u r f a c e  of  t h e  s t o n e s  r e v e a l e d  no a l g a l  v e g e t a t i o n  on t h e  

r e c e n t  l a v a  f low.  But on t h e  o l d e r  one ,  t h e  a g e  of which d i d  n o t  

exceed 4-5 months,  some v e r y  s p a r s e  mar ine  b e n t h i c  Diatoms and 

rod  B a c t e r i a  were found.  The i d e n t i f i c a t i o n  o f  t h e  Diatoms was 

made d i f f i c u l t  because  of  t h e  poor s i l i c i f i c a t i o n  of  t h e  v a l v e s  

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

c e l l s  and t h e i r  d imens ions ,  t h e  morphology, t h e  p o s i t i o n  o f  t h e  

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

t h e s e  Diatoms seem t o  be long  t o  two s p e c i e s :  Navicula  (Schizonema) 

m o l l i s  (W.Sm.) C 1 .  and N i t z s c h i a  b i l o b a t a  W .  Sm. v a r .  minor Grun . ,  

two c o s m o p o l i t e  s p e c i e s ,  known from t h e  c o a s t s  o f  I c e l a n d  ( 1 ) .  

T h i s  f i r s t  i n v e s t i g a t i o n  seems t o  i n d i c a t e  t h a t  Diatoms,  

mixed w i t h  B a c t e r i a ,  were t h e  p i o n e e r s  o f  t h e  mar ine  b e n t h i c  

v e g e t a t i o n  o f  S u r t s e y  and t h a t  t h e i r  c o l o n i z a t i o n  t a k e s  p l a c e  

a s  soon a s  t h e  rocky  s h o r e  o f f e r s  a  s u i t a b l e  s u b s t r a t e .  

Nine months l a t e r ,  when S u r t s e y  was v i s i t e d  a g a i n ,  t h e  

c o a s t  had c o n s i d e r a b l y  i n c r e a s e d  due t o  new l a v a  f l o w s  which marked 

t h e  end of  t h e  v o l c a n i c  a c t i v i t y  of t h e  i s l a n d  ( f i g .  1 ) .  The 

l o c a l i t y  o f  Diatoms p r e v i o u s l y  s t u d i e d  had now d i s a p p e a r e d  under  

a  new l a v a  f low and c o u l d  n o t  be  fo l lowed any more. However, t h e  

rocky s h o r e  was a l r e a d y  bordered  by p r e c i p i t o u s  s e a - c l i f f s ,  

f r i n g e d  by a n  a b r a s i o n  p l a t f o r m .  On t h e  NW c o a s t  t h i s  p l a t f o r m ,  

e a s i l y  a c c e s s i b l e  a t  low t i d e ,  was mainly covered  w i t h  sand and 

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

s e a .  These rocky  l o c a l i t i e s  ( f i g .  1, I , I I , I I I , I V )  were s e l e c t e d  

and e x p l o r e d  t h o r o u g h l y  d u r i n g  t h e  c o u r s e  o f  t h e  summer 1965.  

A s u r v e y ,  c a r r i e d  o u t  on August 1 0 ,  under  a  heavy t e p h r a  

f a l l  coming from a  new sub-marine vo lcano  n e a r  S u r t s e y ,  r e v e a l e d ,  

i n  one o f  t h e s e  l o c a l i t i e s  ( f i g .  1, 1111, t h e  p r e s e n c e  of  a l g a e  

growing d i r e c t l y  on  t h e  r o c k s .  

The p r o f i l e  o f  l o c a l i t y  I11 shows a  s e a - c l i f f ,  abou t  20  m 

h e i g h t ,  overhang ing  a n  i r r e g u l a r  rocky t e r r a c e ,  which ends  i n  t h e  



s e a  by a  v e r y  exposed  promontory  ( f i g .  2 ) .  The s u r f a c e  o f  t h e  

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

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

t o p  o f  t h e  promontory  and  t h e  f o o t  o f  t h e  c l i f f  i n d i c a t e d  a p p r o x i -  

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

t h i s  l e v e l  r e a c h e s  2 . 6 2  m above  t h e  mean low w a t e r  mark a t  s p r i n g -  

t i d e ,  w i t h  a n  a v e r a g e  t i d a l  a m p l i t u d e  o f  2 . 5 2  m ,  

The v e g e t a t i o n  seemed t o  b e  o f  two k i n d s :  f i l a m e n t o u s  g r e e n  

a l g a e  and  ye l low-b rowni sh  g e l a t i n o u s  f o r m a t i o n s .  

The g r e e n  a l g a e  grew i n  i s o l a t e d  t u f t s  o r  g r e g a r o u s l y  i n  

s c a t t e r e d  p a t c h e s  on  t h e  exposed  s i d e  o f  t h e  p romon to ry ,  above  and  

a  l i t t l e  be low t h e  h i g h  w a t e r  mark l i n e  ( f i g .  2 ) .  T h i s  l e v e l  

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

uppermost  p a r t  o f  t h e  l i t t o r a l  r e g i o n .  These  a l g a e  ( f i g .  3 ,  A )  

a r e  s i m p l e  m u l t i c e l l u l a r  f i l a m e n t s ,  a b o u t  1-3 c m  h i g h ,  a n d  1 0 ~ -  

5 O p b r o a d .  Each t h r e a d  is  a t t a c h e d  t o  t h e  s u b s t r a t e  by e x t r a -  

m a t r i c a l  r h i z o i d s .  The c e l l s ,  g e n e r a l l y  a s  l o n g  a s  b r o a d ,  a r e  p ro -  

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

t a i n i n g  many p y r e n o i d s  o f  p o l y p y r a m i d a l  s t r u c t u r e .  On f i x e d  m a t e r i a l ,  

s t a i n e d  a c c o r d i n g  t o  F e u l g e n ' s  method ,  i t  a p p e a r s  t h a t  e a c h  c e l l  is 

m u l t i n u c l e a r .  Some f i l a m e n t s  were  f e r t i l e ,  b e a r i n g  tumid  z o i d o c y s t s ,  

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

c h a r a c t e r i s t i c s  a g r e e  w i t h  H. JONSSOM's ( 2 )  d e s c r i p t i o n  o f  I c e l a n d i c  

spec imens  o f  Urospora  m i r a b i l i s  A r e s c h . ,  wh ich  is v e r y  common a l o n g  

t h e  c o a s t s  o f  I c e l a n d .  

Urospora  m i r a b i l i s  grew i n  p u r e  p o p u l a t i o n  i n  S u r t s e y .  How- 

e v e r ,  t h r e e  s p e c i e s  o f  Dia toms were found a s  e p i p h y t e s  o n  t h e  

f i l a m e n t s  o f  Urospora :  T h a l a s s i o n e m a  n i t z s c h i o i d e s  H u s t . ,  Synedra  

a f f i n i s  Kiitz. v a r .  p a r v a  K G t z ,  and  Licmophora g r a c i l i s  ( ~ h r . 1  

Grun. v a r .  a n g l i c a  (KGtz. ) P e r .  , which  a l l  o c c u r  on  t h e  c o a s t s  

of I c e l a n d  ( 1 ) .  

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

f i l l e d  t h e  c r a c k s  and  t h e  a n f r a c t u o s i t i e s  o f  t h e  r o c k  ( f i g .  3 ,  B), 



on t h e  s h e l t e r e d  s i d e  o f  t h e  promontory,  around h i g h  w a t e r  mark 

( f i g .  21. F u r t h e r  s t u d y  r e v e a l e d  l u x u r i a n t  c o l o n i e s  of  Diatoms,  

dominated by Synedra a f f i n i s  v a r .  p a r v a ,  a s s o c i a t e d  w i t h  a  few 

Thalassionerna n i t z s c h i o i d e s  and broken v a l v e s  o f  Licmophora 

g r a c i l i s  v a r ,  a n g l i c a .  The r u p i c o l e  form of Synedra a f f i n i s  v a r ,  

parva  d i f f e r s ,  however,  from t h e  e p i p h y t i c  form by t h e  d e f o r m a t i o n  

of t h e  f r u s t u l e s ,  p robab ly  due t o  d e s i c c a t i o n  and poor s i l i c i f i -  

c a t i o n .  

From t h i s  second i n v e s t i g a t i o n  i t  is . t h e r e f o r e  c l e a r  t h a t  

t h e  f i r s t  a l g a l .  c o l o n . i z e r s  of t h e  b a r r e n  rockv  s u b s t r a t e  o f  S u r t s -  

ey a r e  Di.a,toma and f i l a m e n t o u s  g r e e n  a l g a e .  

One month l a t e r ,  when we came back t o  S u r t s e y ,  t h e  p o p u l a t i o n  

of  Ur,ospora m i r a b i l i s  had expanded c o n s i d e r a b l y  on t h e  r o c k s  and 

the  Diatoms were s t i l l  i n  p l a c e .  New p o p u l a t i o n s  of Urospora had 

a l s o  developed i n  o t h e r  rocky l o c a l i t i e s  (11, and between 111 and 

IV), under s i m i l a r  env i ronmenta l  c o n d i t i o n s .  But no v e g e t a t i o n  

was t o  be found n e a r  t h e  excrement  of  s e a - b i r d s ,  which had occup ied  

t h e  s e a - c l i f f s  f a r  one month. T h i s  b i o t o p e ,  v e r y  common i n  I c e l a n d ,  

is c h a r a c t e r i z e d  by n i t r o p h i l s u s  a l g a e  a s  P r a s i o l a  and Enteromorpha.  

On t h e  sandy b e a c h ,  on t h e  n o r t h e r n  p a r t  of S u r t s e y  and round t h e  

s a l t - w a t e r  l a g o o n ,  s i t u a t e d  i n  t h i s  p a r t  of t h e  i s l a n d ,  t h e  sub- 

s t r a t e  because  a f  i t s  m o b i l i t y  seems i n s u i t a b l e  f o r  t h e  f i x a t i o n  

o f  b e n t h i c  mar ine  a l g a e .  No a t t a c h e d  a l g a l  v e g e t a t i o n  was t h e r e -  

f o r e  t o  be found t h e r e ,  Dredgings  c a r r i e d  o u t  S and SE o f  S u r t s e y ,  

on 15-20 meter  s d e p t h ,  r e v e a l e d  a  sea-bottom covered  w i t h  s c o r i a e ,  

comple te ly  devo id  s f  a l g a e .  

The mar ine  b e n t h i c  v e g e t a t i o n  found i n  S u r t s e y ,  a b o u t  2 1  

month a f t e r  t h e  emergence of  t h e  i s l a n d  and a b o u t  1 5  months a f t e r  

t h e  f o r m a t i o n  of  t h e  f i r s t  rocky  s h o r e  seems t h e r e f o r e  o n l y  t o  be  

composed s f  Diatoms and f i l a m e n t o u s  g r e e n  a l g a e .  No i n d i g e n o u s  

b e n t h i c  a n i m a l s ,  s u c h  a s  B a r n a c l e s ,  were met w i t h  on t h i s  c o a s t .  



2 .  Survev of  d r i f t w e e d s .  

Macroscopic mar ine  a l g a e  and v a r i o u s  f l o a t i n g  o b j e c t s  

covered  w i t h  a l g a e  a r e  washed upon t h e  s h o r e s  of S u r t s e y ,  e s p e c i -  

a l l y  upon t h e  l a r g e  sandy beach i n  t h e  n o r t h e r n  p a r t  of  t h e  i s l a n d .  

The f o l l o w i n g  s p e c i e s  were met w i t h  i n  t h e  c o u r s e  o f  t h e  summer 

1965. 

DIATOMEAE : 

Licrnophora paradoxa (Lyngb.)  Ag. ,  p u r e  colony on Fucus v e s i c u l o s u s ,  

and mixed c o l o n i e s  on d r i f t w o o d .  

F r a g i l a r i a  i s l a n d i c a  Grun. , many r i b b o n - l i k e d  c o l o n i e s  on d r i f t -  

wood w i t h  Licmophora pa radoxa .  

Thalassionema n i t z s c h i o i d e s  Hust.  , on d r i f t w o o d ,  i n  company w i t h  

Licmophora paradoxa.  

Synedra a f f i n i s  KGtz. v a r  parva  KGtz., on d r i f t w o o d .  

N i t z s c h i a  l a n c e o l a t a  W. Sm. , on d r i f t w o o d .  

Amphora a n g u s t a  (Greg. ) C 1 .  , on d r i f t w o o d .  

Navicula  complanata Grun. v a r .  hyperborea  (Grun. ) C1. (?)  , 
on d r i f t w o o d .  

Navicula  s p .  ( u n i d e n t i f i a b l e  f r a g m e n t s ) ,  on d r i f t w o o d .  

N i t z s c h i a  s p .  ( u n i d e n t i f i a b l e  f r a g m e n t s ) ,  on d r i f t w o o d .  

RHODOPHYCEAE : 

P o l y s i p h o n i a  f a s t i g i a t a  (Roth)  G r e v . ,  on Ascophyllum nodosum. 

Rhodymenia palmata (L. ) Grev. , on d r i f t w o o d .  

Ascophyllum nodosum ( L . )  Le J o l l i s ,  c a s t  a s h o r e .  

C h o r d a r i a  f  l a g e l l i f o r m i s  (MG11. ) AG.  , on d r i f t w o o d .  



Chorda f i l u m  (L. ) S t a c k h .  , on d r i f t w o o d .  

Fucus v e s i c u l o s u s  L . ,  c a s t  a s h o r e .  

Laminar ia  d i g i t a t a  (L. ) Lam. , on d r i f t w o o d .  

U l o t h r i x  f l a c c a  ( D i l l w .  ) T h u r e t ,  on f i s h i n g  n e t - f l o a t .  

Urospora m i r a b i l i s  A r e s c h . ,  on f i s h i n g  n e t - f l o a t .  

Ulva l a c t u c a  L.  , on  d r i f t w o o d .  

Acros iphon ia  a l b e s c e n s  K j e l l m .  , on d r i f t w o o d  . 

Among t h e  s p e c i e s  quoted  above,  which a l l  occur  a l o n g  t h e  

c o a s t s  of I c e l a n d ,  one f i n d s  t h o s e  which have a l r e a d y  c o l o n i z e d  

t h e  rocky  s h o r e  o f  t h e  i s l a n d ,  v i z .  Synedra a f f i n i s  v a r ,  pa rva  

and Urospora m i r a b i l i s .  T h i s  f a c t  may e x p l a i n  how t h e s e  s p e c i e s  

have immigrated i n t o  S u r t s e y .  I t  shou ld  a l s o  b e  n o t i c e d  t h a t  

Ascsphyllum nodosum is t h e  most common a l g a e  c a s t  a s h o r e  v e r y  

p r o b a b l y  because  o f  i ts  g r e a t  abundance on a d j a c e n t  c o a s t s  and 

a l s o  on a c c o u n t  o f  i ts  g r e a t  f l o a t a b i l i t y .  The n e a r e s t  l o c a l i t y  

known of  t h i s  s p e c i e s  is t o  be found a t  Heimaey, a t  1 6 . 5  km from 

S u r t s e y  . 

D i s c u s s i o n  

U n t i l  now Urospora m i r a b i l i s  has  been found o n l y  i n  p u r e  

p o p u l a t i o n  a t  S u r t s e y .  However, i t  is known from H. JONSSON's 

work (31 t h a t  t h i s  s p e c i e s  b e l o n g s  t o  a n  a l g a l  community, g e n e r a l l y  

composed, a l o n g  t h e  c o a s t s  of  I c e l a n d ,  by s e v e r a l  a s s o c i a t i o n s  

where U l o t h r i x  f l a c c a ,  Bangia fuscopurpurea  and Porphyra u m b i l i c a l i s  

a r e  p redomina t ing .  None o f  t h e s e  s p e c i e s  have y e t  c o l o n i z e d  S u r t s -  

e y ,  b u t  i t  can  be  assumed t h a t  they  w i l l  do s o  i n  t h e  nea r  f u t u r e ,  

I t  t h e r e f o r e  a p p e a r s  t h a t  Urospora m i r a b i l i s  is t h e  p i o n e e r  s p e c i e s  

o f  t h i s  community. I t  is  a l s o  known ( 4 )  t h a t  t h e  f i r s t  v e g e t a t i o n  



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

does  no t  d e v e l o p ,  a s  do t h e  p i o n e e r s  of t h e  s u b l i t t o r a l  r e g i o n ,  

i n t o  d i f f e r e n t  c l imax  communit ies .  I t  can  t h e r e f o r e  b e  added t h a t  

Urospora m i r a b i l i s  i s  d e f i n e t i v e l y  e s t a b l i s h e d  on t h e  s h o r e  of 

S u r t s e y .  I f  s o ,  i t  is p r o b a b l e  t h a t  Codiolum gregar ium,  t h e  c o r r e -  

sponding u n i c e l l u l a r  sporophy t  of  Urospora ,  soon w i l l  appear  on 

S u r t s e y .  From unpub l i shed  p e r s o n a l  d a t a  i t  is  known t h a t  t h i s  t y p e  

of he te romorph ic  l i f e  c y c l e  o c c u r s  i n  I c e l a n d .  

A s t r i k i n g  f a c t  i s  t h e  s m a l l  number of a l g a l  s p e c i e s  e s t a b -  

l i s h e d  u n t i l  now a t  S u r t s e y .  T h i s  i s  even more s t r i k i n g  a s  t h e  

a l g a l  v e g e t a t i o n  on t h e  a d j a c e n t  c o a s t s ,  t h e  n e a r e s t  of  which i s  

j u s t  4 , 4  km away, a p p e a r s  l u x u r i a n t ,  c o n t a i n i n g  a b o u t  100 s p e c i e s  

( t h e  mar ine  Diatoms n o t  i n c l u d e d ) .  T h i s  s i t u a t i o n  may, however, 

be due t o  two f a c t o r s  e x e r c i s i n g  t h e i r  i n f l u e n c e  on t h e  c o l o n i z a -  

t i o n  p a t t e r n s  of a l g a e  i n  S u r t s e y :  t h e  r e l a t i v e  i s o l a t i o n  of t h e  

i s l a n d  and t h e  s e v e r e  e n v i r o n m e n t a l  c o n d i t i o n s  encoun te red  t h e r e .  

An a t t e m p t  t o  d e m o n s t r a t e  t h e  f i r s t  of  t h e s e  h a s  been made by 

f o l l o w i n g  t h e  sequence  of  c o l o n i z a t i o n  on c l e a n  s u b s t r a t e  t r a n s -  

f e r r e d  from S u r t s e y  t o  Heimaey, i n  a  w e l l  e s t a b l i s h e d  f l o r a l  a r e a  

( s e e  S.V. H a l l s s o n ,  t h i s  r e p o r t ) .  With in  a  month and a  h a l f  t h e  

s u r f a c e  of  t h e  r o c k  had a l r e a d y  been c o l o n i z e d  by 8 s p e c i e s  of  

a l g a e .  Young B a r n a c l e s  and S e a - s n a i l s  o c c u r r e d  a l s o .  The d i s t a n c e  

of S u r t s e y  from a d j a c e n t  a l g a l  v e g e t a t i o n  seems t h e r e f o r e  t o  a c t  

a s  a n  o b s t a c l e  which d e l a y s  t h e  d i s p e r s a l  of  t h e  a l g a e  t o  t h e  i s l a n d .  

The second f a c t o r  i n v o l v e d ,  even more i m p o r t a n t ,  is  t h e  mechanica l  

a c t i o n  of  t h e  s e a  a l o n g  t h e  v e r y  exposed c o a s t s  o f  S u r t s e y ,  v i z .  

by s c o u r i n g  t h e  s u r f a c e  o f  t h e  s u b s t r a t e  by means of  suspended 

p a r t i c l e s  and t h u s  p r e v e n t i n g  t h e  f i x a t i o n  o f  s p o r e s .  T h i s  c o r r o s i v e  

a c t i o n  is more i n t e n s i v e  i n  t h e  i n t e r t i d a l  r e g i o n  t h a n  i n  t h e  

s u p r a l i t t o r a l  r e g i o n .  T h i s  f a c t  may e x p l a i n  why t h e  f i r s t  c o l o n i z a -  

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

lower r e g i o n  of  t h e  c o a s t .  

The mar ine  a l g a e  r e p r e s e n t  t h e  o n l y  v e g e t a t i o n  a c t u a l l y  

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



C a k i l e  p robab ly  e d e n t u l a ,  was found l a s t  summer on t h e  sandy beach 

by FRIDRIKSSON ( 5 1 ,  b u t  t h i s  f i r s t  t e r r e s t r i a l  growth succumbed 

soon l a t e r  under  a  heavy shower of h o t  f a l l i n g  t e p h r a  from a n  

a d j a c e n t  submar ine  vo lcano .  I t  i s  pe rhaps  wor th  ment ion ing  t h a t  

t h e s e  p l a n t s  grew near  some t h a l l i  of  Ascophyllum nodosum c a s t  

a s h o r e .  I t  seems t h e r e f o r e  l i k e l y  t h a t  t h e  d r i f t w e e d s  met on t h e  

s h o r e ,  may, by means of t h e i r  decompos i t ion ,  g i v e  r i s e  t o  o r g a n i c  

m a t t e r ,  which e n a b l e s  t h e  i m p l a n t a t i o n  of c o a s t a l  growth.  T h i s  

may a l s o  b e  t r u e  f o r  f i l a m e n t o u s  Fung i ,  i n s e c t  pupae and l i v i n g  

Acar i d a  found l a s t  summer by S .  HELGASQN (persona  1 communication) 

i n  r o t t e d  t h a l l i  of  Ascophyllum, b u r i e d  under t h e  a s h .  

Our o b s e r v a t i o n s  c a n  h a r d l y  be  compared w i t h  t h o s e  c a r r i e d  

o u t  a f t e r  t h e  t e r r i b l e  e r u p t i o n  of  Krakatau  i n  1883. Indeed ,  

when v i s i t e d  f o r  t h e  f i r s t  t i m e  by b o t a n i s t ,  3 y e a r s  l a t e r ,  t h e  

i s l a n d  was a l r e a d y  r e o c c u p i e d  by 11 s p e c i e s  o f  F e r n s ,  1 5  s p e c i e s  

of  h i g h e r  p l a n t s  and 6  s p e c i e s  o f  b lue-green a l g a e ,  mixed w i t h  

B a c t e r i a  and Diatoms,  Nothing is  t h e r e f o r e  known a b o u t  t h e  

b e g i n n i n g  o f  t h e  c o l o n i z a t i o n  ( 6 ,  7) .  Marine b e n t h i c  a l g a e  a r e  

n o t  ment ioned,  p robab ly  because  of  t h e i r  a b s e n c e  on t h e  c o a s t ,  

which seems t o  have been of  sandy n a t u r e  o n l y .  No compar ison is  

e i t h e r  a v a i l a b l e  w i t h  o t h e r  r e c e n t  submarine v o l c a n i c  a r e a s ,  f o r  

example t h e  I s l e  of  F a i a l ,  i n  t h e  Azores ,  a s  no s t u d i e s  seem t o  

have been devo ted  t o  t h i s  problem.  On t h e  o t h e r  hand 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  i n i t i a l  phase  of  a l g a l  s e t t l e m e n t  of  

S u r t s e y  shows a  s u c c e s s i o n  s i m i l a r  t o  t h a t  obse rved  e x p e r i m e n t a l l y  

on a r t i f i c i a l  s u r f a c e s  submerged by HWg ( 8 )  i n  t h e  M e d i t e r r a n e a n  

S e a ,  a l t h o u g h  t h e  s p e c i e s  d i f f e r  i n  t h e  two a r e a s .  
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P r e l i m i n a r y  Repor t  on t h e  Vascu la r  F l o r a  

of  t h e  L e s s e r  Westman I s l a n d s  

S t u r l a  F r i d r i k s s o n  and B j o r n  Johnsen 
U n i v e r s i t y  Resea rch  I n s t i t u t e ,  Reykjavik  

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

The p r o s p e c t  o f  f u t u r e  c o l o n i z a t i o n  of  t e r r e s t r i a l  p l a n t s  

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

of s p e c i e s  on t h e  a d j a c e n t  l and  masses a s  w e l l  a s  means o f  d i s p e r s a l  

and e n v i r o n m e n t a l  c o n d i t i o n s  on S u r t s e y .  

A s  a  background f o r  t h e  e v o l u t i o n  o f  c o l o n i z a t i o n  of  p l a n t s  

on t h e  new i s l a n d  a  good knowledge of  t h e  f l o r a  of  t h e s e  l a n d  

masses is  n e c e s s a r y .  I n  t h e  manual of v a s c u l a r  p l a n t s  of  I c e l a n d ,  

such  a s  F l 6 r a  I s l a n d s  by Stef i in  S t e f s n s s o n  (1924) and I s l e n z k a r  

J u r t i r  by A s k e l l  Love (19451,  r e c o r d s  a r e  made o f  t h e  o c c u r r e n c e  

of v a s c u l a r  p l a n t s  i n  t h e  Westman I s l a n d s  a s  w e l l  a s  t h e  v a r i o u s  

l o c a t i o n s  on t h e  a d j a c e n t  mainland.  A thorough  s t u d y  of  h i g h e r  

p l a n t  l i f e  on Heimaey, t h e  o n l y  i n h a b i t e d  i s l a n d  of  t h e  Westman 

I s l a n d s  g r o u p ,  was c a r r i e d  o u t  by Ba ldur  Johnsen (1939) who a l s o  

made some s t u d i e s  on B j a r n a r e y .  A few o b s e r v a t i o n s  have been made 

on t h e  vegq- ta t ion  of  t h e  l e s s e r  i s l a n d s ,  a l t h o u g h  no f l o r a l  l i s ts  

were a v a i l a b l e .  I t  was t h u s  c o n s i d e r e d  of pr imary  v a l u e  t o  c a r r y  

o u t  a  thorough  i n v e s t i g a t i o n  of  t h e  v e g e t a t i o n  o f  t h e s e  i s l a n d s .  

The work was sponsored  by t h e  S u r t s e y  S o c i e t y  w i t h  a  g r a n t  from 

t h e  Uni ted  S t a t e s  Atomic Energy Commission. 

Some T o ~ o ~ r a ~ h i c a l  F e a t u r e s  

According t o  p r e s e n t  knowledge, g e o l o g i s t s  b e l i e v e  t h e  

Westman I s l a n d s  t o  have been c r e a t e d  by v o l c a n i c  a c t i v i t y  towards  

t h e  end and a f t e r  t h e  l a s t  G l a c i a t i o n .  The f o r m a t i o n  o f  S u r t s e y  



h a s  c l a r i f i e d  f a c t s  c o n c e r n i n g  t h e  o r i g i n  o f  o t h e r  i s l a n d s  i n  t h e  

g r o u p  which  l i e  a l o n g  a  NE-SW t e c t o n i c  f i s s u r e ,  which  is a  p a r t  

o f  t h e  A t l a n t i c  r i d g e .  Remnants o f  v o l c a n i c  c r a t e r s  a r e  n o t i c a b l e  

t h r o u g h o u t  t h e  i s l a n d s ,  wh ich  a r e  m o s t l y  made o f  p a l a g o n i t e  t u f f  

( c o n s o l i d a t e d  v o l c a n i c  a s h )  w i t h  s t r e a k s  and  v e i n s  of  i n t r u d e d  

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

l a r g e  a r e a s  of  Heimaey a n d  S u r t s e y  a r e  a l s o  c o v e r e d  w i t h  l a v a .  These  

two a r e  t h e  l a r g e s t  i s l a n d s ,  and  t h e y  show g r e a t e r  v a r i a t i o n  i n  

t o p o g r a p h y  t h a n  t h e  s m a l l e r  members o f  t h e  g r o u p ,  some of  wh ich  

a r e  mere s t a c k s ,  50 m h i g h  w i t h  a  m a n t l e  o f  v e g e t a t i o n  on  t h e  

s l a n t i n g  summit .  The s o i l  i n  t h e  o l d e r  i s l a n d s  is r a t h e r  d e e p ,  

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

b i r d s  d r o p p i n g s .  Sea b i r d s  i n h a b i t  t h e  i s l a n d s  i n  g r e a t  numbers;  

among t h e s e  is  t h e  p u f f i n  ( F r a t e r c u l a  a r c t i c a )  which  d i g s  d e e p  

n e s t i n g  h o l e s  i n  t h e  s o i l  on  t h e  t o p  o f  t h e  i s l a n d s  w h e r e a s  t h e  

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

C l i m a t e  

No m e t e o r o l o g i c a l  r e c o r d s  have been  c a r r i e d  o u t  on S u r t s e y  

o r  t h e  s m a l l e r  i s l a n d s .  On Heimaey, however ,  t h e r e  is a  me teo ro -  

l o g i c a l  s t a t i o n  w i t h  a v a i l a b l e  r e c o r d s  f rom 1872 .  

The c l i m a t e  i s  h i g h l y  o c e a n i c .  I t  is r e l a t i v e l y  warm a n d  

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

f o r  example ,  t h e  i s l a n d  o f  Gr imsey .  The p r e c i p i t a t i o n  is t h e  

s e v e n t h  h i g h e s t ,  a n d  t h e  mean t e m p e r a t u r e  t h e  t h i r d  h i g h e s t  i n  

I c e l a n d .  ( S e e  T a b l e  I ) .  

 cursi ions 

V a r i o u s  e x c u r s i o n s  were  made t o  t h e  s m a l l e r  i s l a n d s  f rom 

Heimaey, wh ich  was used  a s  a  b a s e  of  o p e r a t i o n .  The s t u d y  commenced 

i n  e a r l y  J u l y  1965 when t h e  s t u d e n t s ,  B j o r n  J o h n s e n  and  S i g u r d u r  

Helgason  went  t o  t h e  Westman I s l a n d s ,  l a t e r  t o  b e  j o i n e d  by o t h e r  



g r o u p s  o f  i n v e s t i g a t o r s ,  The l a s t  t r i p  was made on  S e p t .  9 t h .  On 

a l l  t h e s e  e x c u r s i o n s  e c o l o g i c a l  s u r v e y  was c a r r i e d  o u t  and  h e r b a r i u m  

m a t e r i a l  c o l l e c t e d  a s  w e l l  a s  l i v e  spec imen  f o r  l a b o r a t o r y  s t u d y .  

F o l l o w i n g  is  b r i e f  a c c o u n t  o f  t h e  e x c u r s i o n s .  

E x c u r s i o n  No. 1. J u l y  9 t h  t o  B r a n d u r .  

The p a r t y  l e f t  Heimaey a t  midday w i t h  t h e  b o a t  t / b  Adolf  

p i l o t e d  by H. J o h n s e n .  

Brandur  i s l a n d  is a n  o l d  v o l c a n o  w i t h  t h e  c r a t e r  bowl f a c i n g  

t h e  s e a  on  i t s  s o u t h w e s t  s i d e .  Land ing  c o n d i t i o n s  t h e r e  p r o v e d  

t o l e r a b l e  compared t o  o t h e r  i s l a n d s  y e t  t o  b e  e x p l o r e d .  The i s l a n d  

is e x t r e m e l y  s t e e p  and  r u g g e d ;  n e v e r t h e l e s s  t h e  e c o l o g i c a l  s u r v e y  

was c a r r i e d  o u t  and  p l a n t  s p e c i m e n s  c o l l e c t e d .  The p a r t y  s t a y e d  

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

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

v e s s e l ,  wh ich  was t o  t a k e  t h e  e x p e d i t i o n  t o  t h e  o t h e r  i s l e t s .  

E x c u r s i o n  No. 2 .  t o  G e i r f u g l a s k e r  and  T h r i d r a n g a r .  

The c o a s t g u a r d  b o a t  A r v a k u r ,  on i t s  a n n u a l  v i s i t s  t o  t h e  

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

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

r u b b e r  b o a t  was manned and  padded t o  t h e  r o c k .  The p a r t y  s u c c e e d e d  

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

50 m up t h e  s t e e p  c l i f f  t o  t h e  summit ,  The c l i m b  was f a c i l i t a t e d  

by c h a i n s  b o l t e d  t o  t h e  c l i f f  wh ich  i s  v e r y  r o u g h  due  t o  d i f f e r -  

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

a  few hundred  s q u a r e  y a r d s  i n  a r e a .  A t h i c k  l a y e r  o f  v o l c a n i c  a s h  

c a r r i e d  f rom S u r t s e y  had a c c u m u l a t e d  t h e r e  and  p a r t l y  k i l l e d  and  

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

The n e x t  d e s t i n a t i o n  was T h r i d r a n g a r  ( T h r e e  P i l l a r s ) ,  two 

h o u r s  t r i p  by b o a t  WNW from G e i r f u g l a s k e r .  C o n d i t i o n s  t h e r e  a r e  

q u i t e  s i m i l a r  t o  t h o s e  o f  G e i r f u g l a s k e r  a s  r e g a r d s  l a n d i n g  a n d  

a s c e n d i n g ,  b u t  t h e  i s l e t  is s t i l l  s m a l l e r  i n  s i z e .  



E x c u r s i o n  No. 3 .  J u l y  1 3 t h  t o  A l s e y .  

The p a r t y  a r r i v e d  on A l s e y  by e v e n i n g  w i t h  t h e  b o a t  t / 'b 

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

q u i t e  d i f f i c u l t  e x c e p t  i n  ca lm s e a .  The e x p e d i t i o n  was a s s i s t e d  

by b i r d  c o l l e c t o r s ,  who were  on  t h e  i s l a n d  d u r i n g  t h e  b i r d  h u n t i n g  

s e a s o n .  The f o l l o w i n g  day t h e  i s l a n d  was e x p l o r e d  and  a n  e c o l o g i c a l  

s t u d y  p e r f o r m e d .  Samples  o f  l i v i n g  p l a n t s  were t a k e n .  The p a r t y  had 

t o  l e a v e  f o r  Heimaey t h e  same e v e n i n g  a l t h o u g h  t h e  work was n o t  

q u i t e  c o m p l e t e d .  

E x c u r s i o n  No. 4. J u l y  2 1 s t  t o  E l l i d a e y .  

The t r i p  was made on  t h e  b o a t  t / b  S o f f i a  p i l o t e d  by H. J o n s s o n .  

P a r t i c i p a n t s  were @, H. L i n d r o t h  and  H. Ande r son ,  Swedish  entomo- 

l o g i s t s ,  S ,  J 6 n s s o n  a l g o l o g i s t ,  and  S ,  He lgason .  The l a n d i n g  and  

a s c e n d i n g  c o n d i t i o n s  were f a v o u r a b l e .  L a t e r  t h a t  day  s t r o n g  wind 

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

e x t r e m e l y  d i f f i c u l t  b u t  a t  l a s t  t h e  p a r t y  s u c c e e d e d  i n  g e t t i n g  on  

boa rd  and  r e t u r n e d  t o  Weimaey. 

E x c u r s i o n  No. 5 .  J u l y  2 3 r d  t o  Sudurey ,  

The p a s t y  l e f t  Heimaey by t h e  b o a t  t / b  S o f f i a  p i l o t e d  by 

H.  J o n s s o n .  P a r t i c i p a n t s  were S ,  J 6 n s s o n  a n d  B. J o h n s e n .  The f i r s t  

l a n d i n g  was on Brandur  i s l a n d  t o  c o l l e c t  a d d i t i o n a l  s a m p l e s  of  

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

t o  Sudurey  and  a s u c c e s s f u l  l a n d i n g  made a l t h o u g h  c o n d i t i o n s  a r e  

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

had d i s e m b a r k e d  and  s u p p l i e s  had b e e n  u n l o a d e d  t h e  b o a t  r e t u r n e d  

t o  Meimaay. The i s l a n d  is s u r r o u n d e d  by p r e c i p i t o u s  c l i f f s  o n  

t h r e e  s i d e s ,  On t h e  f o u r t h  s i d e  t h e r e  is a  h i g h  (160  m) a n d  s t e e p  

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

f o l l o w i n g  day %he  p l a n t  l i f e  and  a l g a e  were s t u d i e d  and  s a m p l e s  

c o l l e c t e d .  The e x p e d i t i o n  l e f t  t h e  i s l a n d  by n i g h t f a l l .  



E k c u r s i o n  No. 6 .  J u l y  2 5 t h  t o  E l l i d a e y .  

The p a r t y  l e f t  Heimaey a t  midday w i t h  t h e  b o a t  t / b  H l f r i  

p i l o t e d  by B. Gudmundsson. P a r t i c i p a n t s  were S.  JGnsson, B. Johnsen 

and S. Helgason.  The c o u r s e  was t a k e n  t o  t h e  s h a l l o w s  e a s t  of 

Heimaey and samples  of  a l g a e  c o l l e c t e d  by a  b o t t o m s c r a p e r .  C u r r e n t s  

were f a v o u r a b l e  and t h e  r e s u l t s  e x c e l l e n t .  Samples of a l g a e  were 

a l s o  t a k e n  from s h o a l s  between E l l i d a - i s l a n d  and B j a r n a r - i s l a n d .  

A s h o r t  e x c u r s i o n  was made t o  E l l i d a e y  and samples  c o l l e c t e d .  

Excurs ion  No. 7 .  August 4 t h  t o  H e l l i s e y .  

The p a r t y  l e f t  f o r  H e l l i s e y  on t h e  b o a t  t / b  H l f r i  p i l o t e d  

by B. Gudmundsson. The i s l a n d  is  c r e s c e n t - s h a p e d  and p r e c i p i t o u s  

w i t h  t h e  c o n c a v i t y  f a c i n g  t h e  main wind d i r e c t i o n ,  and d u r i n g  

w i n t e r  t h e  s u r f  r e a c h e s  h i g h .  Without t h e  h e l p  o f  a  g u i d e ,  who 

knew t h e  r o u t e s ,  t h e  s t e e p  a s c e n t  was made w i t h  d i f f i c u l t y .  The 

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

i t  forms a  c o n t i n u o u s  m a n t l e  on t h e  t o p .  The p l a n t - l i f e  and a l g a e  

were s t u d i e d  and samples  t a k e n .  

E x c u r s i o n  No. 8 .  August 8 t h .  A second t r i p  t o  G e i r f u g l a s k e r .  

The p a r t y  l e f t  Heimaey w i t h  t h e  b o a t  t / b  Adolf p i l o t e d  by 

H. Johnsen .  P a r t i c i p a n t s  S .  J6nsson  a l g o l o g i s t  . The main purpose  

of t h e  t r i p  was t o  c o l l e c t  a l g a e  from G e i r f u g l a s k e r .  The t r i p  was 

q u i t e  s u c c e s s f u l .  

E k c u r s i o n  No. 9 .  

An e x c u r s i o n  t o  Si i lnasker  was made on September 1 0 t h  by a 

h e l i c o p t e r  s u p p l i e d  by t h e  I c e l a n d i c  Coas t  Guard,  p i l o t e d  by 

B. J6nsson .  P a r t i c i p a n t s  were S.  F r i d r i k s s o n  and S.  Helgason.  

The i s l a n d  is 8 0  m h i g h  w i t h  v e r t i c a l  c l i f f s  on' a l l  s i d e s  and 

q u i t e  u n a c c e s s a b l e .  A s t u d y  was c a r r i e d  o u t  on t h e  v e g e t a t i o n  

of  t h e  i s l a n d  d u r i n g  a  t h r e e  h o u r s '  s t a y .  

E x c u r s i o n  No. 1 0 .  

An e x c u r s i o n  was made t o  t h e  s o u t h  c o a s t  of  I c e l a n d  on August 

1 7 t h  t o  2 5 t h  f o r  a  b o t a n i c a l  s t u d y  of t h e  mountain i s o l a t e s  of 

PGtursey ,  H j o r l e i f s h o f d i  and Hafursey .  



Vecretat i o n  

The f l o r a  o f  t h e  Westman I s l a n d s  c o n s i s t s  o f  1 5 0  s p e c i e s  o f  

v a s c u l a r  p l a n t s  a c c o r d i n g  t o  Johnsen  ( 1 9 3 9 ) .  A l l  t h e  s p e c i e s  

r e c o r d e d  on  t h e  s m a l l e r  i s l a n d s  a r e  s i m i l a r i l y  found  growing  o n  

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

i n  s p e c i e s ,  w i t h  a  t o t a l  o f  o n l y  2 7  s p e c i e s  o f  v a s c u l a r  p l a n t s .  

On E l l i d a e y ,  t h e  l a r g e s t  o f  t h e  s m a l l e r  i s l a n d s ,  t h e  number o f  

s p e c i e s  is 2 2 ,  b u t  o n  t h e  p i n n a c l e s  o f  G e i r f u g l a s k e r  and  ~ h r i d r a n g a r  

t h e  s p e c i e s  r e c o r d e d  were f o u r  and  two r e s p e c t i v e l y .  

The s p e c i e s  found  o n  e a c h  i n d i v i d u a l  i s l a n d  a r e  l i s t e d  i n  

T a b l e  I I .  

An a t t e m p t  was made t o  c l a s s i f y  t h e  s p e c i e s  o f  t h e  Westman 

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

s p e c i e s  a r e  compared w i t h  t h o s e  o f  f o u r  o t h e r  I c e l a n d i c  i s o l a t e s .  

T h r e e  o f  t h o s e  a r e  t u f f  m o u n t a i n s  i s o l a t e d  by a l l u v i a l  g r a v e l  and  

s a n d ,  and  s i t u a t e d  o n  t h e  ma in l and  i n  t h e  ne ighbourhood  of  M f r -  

d a l u r :  P g t u r s e y  was found  t o  have  73  s p e c i e s ,  H j o r l e i f s h o f d i  7 5 ,  

and  H a f u r s e y  8 9  s p e c i e s .  The f o u t h  i s o l a t e  is t h e  i s l a n d  o f  Gr imsey ,  

s i t u a t e d  o f f  t h e  n o r t h  c o a s t  o f  I c e l a n d  w i t h  a  t o t a l  o f  116  s p e c i e s .  

The c o m p a r i s o n  shows t h a t  t h e  number o f  Arctic s p e c i e s  

i n c r e a s e s  w i t h  i n c r e a s e d  l a t i t u d e ,  c h a n g i n g  f rom no Arct ic  e l e m e n t  

i n  t h e  f l o r a  o f  S c l n a s k e r  and  G e i r f u g l a s k e r  t o  42% Arctic  s p e c i e s  

i n  t h e  f l o r a  o f  Gr imsey .  The m a j o r i t y  o f  t h e  s p e c i e s  o f  t h e  Westman 

I s l a n d s ,  o r  7 4  t o  loo%, a r e  o f  European  t y p e ,  w h i c h  r e f l e c t s  t h e  

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

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

t h e  n o r t h e r n  and s o u t h e r n  p a r t  o f  t h e  c o u n t r y .  ( S e e  Molholm 

Hansen,  1 9 3 0 ,  f o r  c l a s s i f i c a t i o n )  . 
The r a t i o s  o f  v a r i o u s  l i f e  fo rms  ( R a u n k i e r ,  1907)  on t h e  

i s l e t s  a r e  c o m p a r a b l e  t o  t h a t  o f  Heimaey, b u t  t h e  Westman I s l a n d s  

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

w e l l  a s  f rom Gr imsey .  Chameophytes a r e  more f r e q u e n t  on t h e  



mainland,  b u t  t h e  p e r c e n t a g e  of  Annuals is  h i g h e r  on t h e  Westman 

I s l a n d s .  The p e r c e n t a g e s  o f  Geophytes and Hemicryptophytes on 

t h e  i s l a n d s  a r e  s i m i l a r  t o  t h a t  of  t h e  mainland.  (Tab le  111). 

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

f o u r  p l a n t  communities:  The puf f in -co lony  v e g e t a t i o n ,  t h e  d r y  

meadow l a n d ,  t h e  c o a s t a l  c l i f f  v e g e t a t i o n ,  and t h e  a n g e l i c a  c l u s t e r .  

I .  The puf f in -co lony  t y p e  forms t h e  bu lk  of  t h e  v e g e t a t i o n  

on t h e  s o u t h e r n  i s l a n d s ,  and is u s u a l l y  s i t u a t e d  on s l o p e s  f a c i n g  

t h e  s e a  where t h e  p u f f i n  ( F r a t e r c u l a  a r c t i c a )  n e s t s  i n  deep  h o l e s .  

The n e s t i n g  h o l e s  a r e  r a t h e r  c l o s e l y  packed,  two t o  t h r e e  h o l e s  

p e r  s q u a r e  meter. The t h r e e  main s p e c i e s  of v a s o u l a r  p l a n t s  growing 

t h e r e  a r e :  F e s t u c a  r u b r a  , M a t r i c a r i a  mar i t ima and S t e l l a r i a  media ,  

The F e s t u c a  is predomina t ing  w i t h  t h e  approximate  cover  o f  70%, 

w h i l e  M a t r i c a r i a  and S t e l l a r i a  a r e  t h e  a s s o c i a t e d  s p e c i e s .  

The s o i l  i s  deep and damp w i t h  h i g h  c o n t e n t  o f  o r g a n i c  m a t t e r .  

The f e r t i l i t y - l e v e l  of  t h e  s o i l  i s  ex t remely  h i g h  a s  a  r e s u l t  of 

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

presumably f a v o u r i n g  t h e  r e d  f e s c u e  r a t h e r  t h a n  o t h e r  g r a s s - s p e c i e s .  

A t  t h i s  l e v e l  t h e  f e s c u e  r e m a i n s  h i g h l y  v e g e t a t i v e  and h a s  a  h i g h  

l e a v e  t o  culms r a t i o .  The puf f in -co lony  v e g e t a t i o n  h a s  i n t e n s e  

b l u i s h - g r e e n  t i n t ,  c o n t r a s t i n g  t h e  b l e a k e r  t i n t  o f  t h e  d r y  meadow 

l a n d .  T h i s  d i f f e r e n c e  becomes more consp icuous  towards  autumn, a s  

t h e  g r a s s  i n  t h e  d r y  meadow-land r e a c h e s  m a t u r i t y  and becomes 

h i g h e r  i n  f i b e r - c o n t e n t  and w i l t s  e a r l i e r  t h a n  i n  t h e  p u f f i n  c o l o n y .  

The s o i l  is  broken up by t h e  p u f f i n  i n t o  s m a l l  columns w i t h  t u f t s  

of r e d  f e s c u e  c o v e r i n g  t h e  network of t u n n e l s  and t r e n c h e s .  Thus 

t h i s  honeycomb-s t ruc ture  o f  s o i l  a p p e a r s  t o  b e  a  c o n t i n u o u s  mat of  

v e g e t a t i o n .  However, where t h e r e  is a  b reak  i n  t h e  f e s c u e  c o v e r ,  

t h e  a s s o c i a t e d  s p e c i e s  have a  chance  t o  e s t a b l i s h  themse lves .  

Whenever t h e  b r e e d i n g  g rounds  of p u f f i n  a r e  d e n s e l y  pnpu- 

l a t e d  t h e  growth o f  t h e  r e d  f e s c u e  is hampered by t h e  e x c a v a t i o n  

of t h e  b i r d s .  On t h e s e  o c c a s i o n s  t h e  a s s o c i a t e d  s p e c i e s  a r e  

f a v o u r e d ,  sometimes even a l l o w i n g  t h e  M a t r i c a r i a  t o  p redomina te ,  



b u t ,  i n  r a r e  i n s t a n c e s ,  C o c h l e a r i a  and  A t r i p l e x  occupy t h e  s p a c e .  

A p p a r e n t l y  t h i s  h i g h  f e r t i l i t y  l e v e l ,  t h e  s p e c i a l  w a t e r  

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

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

The s o i l s  d i f f e r  a s  t o  t h e  e x t e n t  o f  a e r a t i o n  from o t h e r  h i g h l y  

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

bourhood o f  s t a b l e s  and f a r m h o u s e s .  I n  t h a t  c a s e  Poa annua d o m i n a t e s ,  - 
b u t  is h a r d l y  p r e s e n t  i n  t h e  v e g e t a t i o n  o f  t h e  p u f f i n  c o l o n y  e x c e p t  

i n  one  i n s t a n c e ,  i .  e .  on t h e  i s l a n d  o f  S f i l n a s k e r ,  where  i t  was found 

g rowing  on  t h e  edge  o f  a  s m a l l  b a s i n  c o n t a i n i n g  r a i n  w a t e r .  

11. The d r y  meadow l a n d  v e g e t a t i o n  h a s  a  wide  d i s t r i b u t i o n ,  

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

and  p r e d o m i n a t i n g  on t h e  n o r t h e r n  i s l a n d s .  I t  is  s i t u a t e d  o n  t h e  

l e v e l  o r  s l o p i n g  summits  a n d  where  t h e  s o i l  is  d r y  and  t o o  s h a l l o w  

f o r  t h e  p u f f i n  t o  d i g  t h e i r  n e s t i n g  h o l e s .  (The p u f f i n  c o l o n y  

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

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

c o v e r e d  s o i l .  On some o f  t h e  i s l a n d s  any  p u r e  g r a s s f i e l d  is h a r d l y  

t o  b e  found  a s  it is o c c u p i e d  and  deformed by t h e  p r e s e n c e  o f  t h e  

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

d u e  t o  t h e  h i g h  a n n u a l  p r o d u c t i v i t y  o f  t h i s  community and  i t s  low 

d e c o m p o s i t i o n .  A l a y e r  o f  t u r f  is t h u s  formed a t  t h e  t o p .  On t h e  

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

a s h  d e r i v e d  from t h e  S u r t s e y  e r u p t i o n .  The t h i c k n e s s  o f  t h e  a s h  

v a r i e s  i n  p r o p o r t i o n  t o  t h e  d i s t a n c e  f rom i t s  s o u r c e  o f  o r i g i n .  On 

t h e  i s l a n d  A l s e y  1 4  km d i s t a n t  f rom S u r t s e y  t h e  a s h  l a y e r  was 

2-3 c m  t h i c k .  Below t h e  t u r f  l a y e r  t h e  s o i l  is r i c h  i n  m i n e r a l s ,  

wh ich  d e r i v e  f rom t h e  b a s i c  t u f f  below.  The g r a s s f i e l d  i s  t o  some 

e x t e n t  f e r t i l i z e d  by v a r i o u s  s e a b i r d s  c o n s t a n t l y  swarming o v e r  t h e  

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

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

h a s  a  p redominance  o f  g r a s s e s ,  w i t h  F e s t u c a  r u b r a  c o v e r i n g  61% o f  

t h e  t o t a l  a r e a ,  - Poa p r a t e n s i s  c o v e r i n g  32%, A g r o s t i s  t e n u i s  3%, 

and  t h e  a s s o c i a t e d  s p e c i e s  c o v e r i n g  t h e  r e m a i n i n g  4% a s  a n  a v e r a g e  



o f  measurements from Alsey ,  Brandur and Sudurey.  The a s s o c i a t e d  

s p e c i e s  a r e  Ranunculus a c r  is, - Poa t r i v i a l i s ,  Rumex a c e t o s a  , 
Ceras t ium caesp i tosum and Taraxacum ac romaur i s .  A l l  t h e s e  s p e c i e s  

a r e  o f  common occu r r ence  i n  c u l t i v a t e d  g r a s s f  i e l d s  i n  I c e l a n d  

(S. S t e i n d o r s s o n  1964,  p .  124 ) .  

A s  a  r u l e  t h e  g r a s s f i e l d  v e g e t a t i o n  r e semb le s  some c u l t i v a t e d  

g r a s s l a n d s  a s  r e g a r d s  t o  s p e c i e s  and growing c o n d i t i o n s ,  The bryo- 

phy ta  a r e  comple te ly  a b s e n t  from t h i s  p l a n t  community a s  is t h e  

c a s e  o f  w e l l  c u l t i v a t e d  h a y f i e l d s .  

The growth o f  t h e  g r a s s  s p e c i e s  is v i g o r a u s .  The h e i g h t  o f  

mature  culms r e a c h e s  20 i n c h e s ,  and t h e  y i e l d  is f i v e  t o  s i x  t o n s  

o f  d r y  hay pe r  h e c t a r  (5 - 6000 l b s / a c r e )  judged from samples  

c o l l e c t e d  i n  Sudurey and Alsey.  The p r o d u c t i v i t y  is t h u s  q u i t e  h i g h ,  

a lmos t  comparable t o  t h a t  of  a n  ave r age  c u l t i v a t e d  h a y f i e l d  i n  

I c e l a n d .  When t h i s  o b s e r v a t i o n  was made no sheep  had been g r a z i n g  

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

t h e  Su r t s ey  a r e a .  A number o f  sheep  had p r e v i o u s  t o  t h a t  been g r azed  

on  t h e  i s l a n d s  a l l  t h e  y e a r  around a s  f a r  back a s  r e c o r d s  go.  The 

g r a z i n g  o f  t h e  sheep  may be s e l e c t i v e  t o  some e x t e n t ;  i n  d r y  s ea son  

t h e  sheep  have a  tendency t o  f e e d  on t h e  more s u c c u l e n t  b road  

l e aved  h e r b s  a s  d r i n k i n g  water  is l i m i t e d .  I t  is  t h e  f a rmer s '  

o p i n i o n  t h a t  t h e  v e g e t a t i o n  on t h e  i s l a n d s  ha s  been more p r o d u c t i v e  

a f t e r  t h e  v o l c a n i c  a c t i v i t y  commenced and t h a t  M a t r i c a r i a  and 

Ranunculus a r e  now more abundant .  The v o l c a n i c  a c t i v i t y  may have 

a f f e c t e d  t h e  growth d i r e c t l y  by t h e  f e r t i l i z i n g  e f f e c t  of  t h e  

a s h  o r  i n d i r e c t l y  by t e r m i n a t i n g  t h e  g r a z i n g  o f  sheep .  

111. The c o a s t a l  c l i f f  v e g e t a t i o n  is s i t u a t e d  i n  t h e  s p l a s h i n g  

zone ,  forming a  f r i n g e  around t h e  i s l a n d s ,  which is, however, n o t  

n e c e s s a r i l y  con t i nuous ,  I t  is  t h e  v e g e t a t i o n  of  t h e  s l a n t i n g  s l o p e  

b u t  is i n t e r r u p t e d  wherever t h e  c l i f f s  a r e  t o o  s t e e p  t o  ho ld  t h i s  

t y p e  o f  v e g e t a t i o n .  Its lower margin is a t  h i g h  t idemark and t h e  

upper  bo rde r  is con t i guous  w i t h  t h e  p u f f i n  co lony .  T h i s  zone 

v a r i e s  i n  w i d t h ,  r e a c h i n g  h ighe r  l e v e l  on t h e  s o u t h e r n  s i d e ,  which 

is exposed t o  t h e  A t l a n t i c  where t h e  s u r f  is more i n t e n s e  t h a n  on 



t h e  s i d e  f a c i n g  t h e  mainland.  T h i s  v e g e t a t i o n  d o e s  n o t  form a  

c o n t i n u o u s  mat.  The v a r i o u s  p l a n t s  a r e  o n l y  found growing i n  

s m a l l  p a t c h e s  i n  d e p r e s s i o n s  and c r a v a s s e s ,  where some s o i l  o r  

anchorage  is t o  be found on t h e  o t h e r w i s e  b a r e  r o c k ,  Es t ima ted  

ground-coverage is one  t o  f i v e  p e r c e n t  of t h e  t o t a l  a r e a ,  The 

p redomina t ing  s p e c i e s  a r e  P u c c i n e l l a  mar i t ima  and C o c h l e a r i a  

o f f i c i n a l i s  w i t h  Armeria v u l g a r i s ,  A t r i p l e x  p a t u l a  and P l a n t a g o  

mar i t ima a s  a s s o c i a t e d  s p e c i e s .  

I V .  The Ange l i ca  c l u s t e r  is s i t u a t e d  on s l o p e s  o r  rocky  

s h e l v e s  on t h e  n o r t h e r n  s i d e s  o f  some of  t h e  i s l a n d s ,  I t  is  
d e s c r i b e d  by Johnsen (1939) b u t  was n o t  i n v e s t i g a t e d  by o u r  g roup .  

Concluding remarks .  

I n  g e n e r a l  t h e  v e g e t a t i o n  on t h e  l a r g e r  islets is predominated  

by t h e  g r a s s e s ,  e s p e c i a l l y  F e s t u c a  r u b r a ,  which seems t o  be  favoured  

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

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

s e a ,  p r e v e n t i n g  w a t e r  from a c c u m u l a t i n g .  Dur ing p e r i o d s  o f  d r o u g h t ,  

which c a n  l a s t  f o r  s e v e r a l  weeks,  t h e  s o i l  may become s o  d r y  t h a t  

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

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

t h e  v e l o c i t y  and f requency  o f  winds ,  t h e  s p l a s h i n g  of  s e a  w a t e r ,  

a s  well a s  t h e  g r a z i n g  o f  s h e e p ,  a r e  i m p o r t a n t  env i ronmenta l  

f a c t o r s  and presumably a c c o u n t  f o r  t h e  f a c t ,  t h a t  no woody p l a n t s  

grow w i l d  on t h e  i s l a n d s ,  w i t h  t h e  e x c e p t i o n  of t h r e e  woody s p e c i e s  

found on t h e  l a v a  o f  Heimaey. The h i g h  p r e c i p i t o u s  c l i f f s ,  r e a c h i n g  

c o n s i d e r a b l e  d e p t h s  below s e a  l e v e l  and t h u s  devo id  of  g r a v e l  

beaches ,  e x c l u d e  some c o a s t a l  s p e c i e s  and h i n d e r  d i s p e r s a l  by s e a .  

The s i z e s  of t h e  i n d i v i d u a l  i s l a n d s  e v i d e n t l y  c a u s e  f u r t h e r  

l i m i t a t i o n s ,  a s  t h e  number of  s p e c i e s  was found t o  be  rough ly  p ro -  

p o r t i o n a l  t o  t h e  a r e a  o f  t h e  i s x a n d s .  



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

f a c t o r s  c a u s e  g r e a t  l i m i t a t i o n s  a s  t o  t h e  number o f  p l a n t  s p e c i e s  

and t h e i r  a s s o c i a t i o n  on t h e  i s l a n d s .  

A l though  t h e  m i g r a t i o n  o f  p l a n t s  is r e s t r i c t e d  t o  some 

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

i s l a n d  h a s  t o  b e  r e g a r d e d  a s  a  c l i m a x  community p r i m a r i l y  gove rned  

by t h e  p r e s e n t  e n v i r o n m e n t a l  c o n d i t i o n s .  
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TABLE I1  

F l o r a l  l i s t  from t e n  

i s l e t s  of t h e  Westman 

I s l a n d s  group.  

S p e c i e s  

A g r o s t i s  t e n u i s  

A r m e r  i a  v u l g a r  i s  

A t r i p l e x  p e t u l a  

C a k i l e  e d e n t u l a  

C e r a s t i u m  c a e s p i t o s u m  

C o c h l e a r i a  o f f  i c i n a l i s  

E u p h r a s i a  f r i g i d a  

F e s t u c a  r u b r a  

Leodonton a u t u m n a l i s  

Ma tr i c a r  i a  mar i t ima 

Mont i a  lamprosperma 

P l a n t a g o  m a r i t i m a  

Poa annua 

Poa p r a t e n s i s  

Poa t r i v i a l i s  

P u c c i n e l l a  mar i t ima  

Ranunculus  a c r i s  

Ranunculus  r e p e n s  

Rumex a c e t o s a  

S a g i n a  procumbens 

S a x i f r a g a  c a e s p i t o s a  

S a x i f r a g a  r i v u l a r i s  

Sedum roseum . 

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

S t e l l a r i a  media 

For  e x p l a n a t i o n s  o f  t e r m s  s e e  T a b l e  111 and R a u n k i e r ,  C .  , 1907. 
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The P o s s i b l e  Oceanic  D i s p e r s a l  of  Seed 

and Other  P l a n t  P a r t s  t o  S u r t s e y  

by 

S t u r l a  F r i d r i k 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  

Reykjavik  

Seed and o t h e r  p a r t s  o f  v a s c u l a r  p l a n t s  have been obse rved  

among t h e  d e b r i s  c o n s t a n t l y  b e i n g  washed a s h o r e  on S u r t s e y .  These 

p l a n t  p a r t s  a r e  mos t ly  of  c o a s t a l  s p e c i e s ,  n i n e  of  which have been 

found growing on t h e  s m a l l e r  ne ighbour ing  i s l a n d s .  A l l  p a r t s  t h a t  

c o u l d  be i d e n t i f i e d  a r e  of  s p e c i e s  found growing on Heimaey a s  w e l l  

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

T a b l e  I .  The r e c o r d s  a r e  based on t h e  a u t h o r ' s  f i n d i n g s  a s  w e l l  a s  

t h o s e  o f  E i n a r s s o n  (1965) .  

Some of  t h e s e  p l a n t  f r agments  have been c o l l e c t e d  t o  t e s t  

t h e i r  v i a b i l i t y  a f t e r  t h e i r  a p p a r e n t  immersion i n  s a l t  w a t e r ,  ( s e e  

a l s o  E i n a r s s o n ,  t h i s  r e p o r t ) .  

A l a b o r a t o r y  exper iment  w i t h  f r e s h l y  c o l l e c t e d  s e e d  immersed 

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

s e e d s  of  some of  t h e s e  s p e c i e s  cou ld  keep t h e i r  g e r m i n a t i n g  a b i l i t y  

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

T h i s  exper iment  was performed i n  o r d e r  t o  d e t e r m i n e  f o r  how 

l o n g  s e e d s  of some I c e l a n d i c  p l a n t s  c o u l d  s u r v i v e  i n  s e a  w a t e r .  

Seeds  from t h r e e  c o a s t a l  p l a n t s  and t h r e e  Arctic p l a n t s  were 

c o l l e c t e d .  The s e e d s  were s t o r e d  i n  covered  g l a s s  f l a s k s  c o n t a i n i n g  

s e a  wa te r  a t  ~ O C .  A t  r e g u l a r  t i m e  i n t e r v a l s  25 s e e d s  were removed 

from e a c h  f l a s t ,  washed i n  f r e s h  wa te r  and t h e i r  g e r m i n a t i o n  

a b i l i t y  t e s t e d .  (See  T a b l e  1 1 ) .  

I t  s h o u l d  be  no ted  t h a t  t h e  s e e d  of a l l  t h e  c o a s t a l  s p e c i e s  

had n o t  f u l l y  e n t e r e d  dormancy when t h i s  exper iment  was s t a r t e d .  

T h e i r  g e r m i n a t i o n  a b i l i t y  was t h e r e f o r e  low d u r i n g  t h e  f i r s t  weeks 

b u t  i n c r e a s e d  g r a d u a l l y  a s  t ime  advanced.  



A t  t h e  end of  a  f o u r  months'  p e r i o d  t h e  e f f e c t  o f  t h e  s a l t  

wa te r  e x e r t e d  b u t  minor changes  on t h e  v i a b i l i t y  of  t h e  s e e d .  A t  

t h e  end of  a n  e i g h t  months'  p e r i o d  t h e  v i a b i l i t y  of t h e  s e e d  began 

t o  d e c r e a s e  and Cardaminopsis  p e t r e a  had a p p a r e n t l y  comple te ly  l o s t  

i t s  g e r m i n a t i o n  a b i l i t y .  

I n  Tab le  I1 t h e  s a l i n i t y  o f  t h e  s e a  w a t e r  i s  r e c o r d e d  i n  t h e  

l a s t  column. S a l i n i t y  h a s  i n c r e a s e d  s l i g h t l y  from t h e  o r i g i n a l  3 .09% 

due t o  e v a p o r a t i o n .  The d e v i a t i o n ,  however, d o e s  no t  exceed t h a t  of 

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

The e x p e r i m e n t s  i n d i c a t e s  t h a t  s e e d s  o f  t h e s e  s p e c i e s  c a n  

keep t h e i r  v i a b i l i t y  immersed i n  s e a  wa te r  up t o  224 d a y s .  T h i s  t ime  

would a l l o w  them t o  be c a r r i e d  by c u r r e n t s  g r e a t  d i s t a n c e s  even from 

one c o n t i n e n t  t o  a n o t h e r  where t h e y  cou ld  g e r m i n a t e  i f  c o n d i t i o n s  

a l l o w e d .  

BIBLIOGRAPHY 

F r i d r i k s s o n ,  S t u r l a  (1964) :  The C o l o n i z a t i o n  of  t h e  Dryland B i o t a  

on  t h e  I s l a n d  of  S u r t s e y  o f f  t h e  Coast  o f  I c e l a n d .  

N5t t f i ru f r&ingur inn  3 4 ,  p .  83-89. 

E i n a r s s o n ,  Eyth6r  (1965) :  Repor t  on d i s p e r s a l  of  p l a n t s  t o  S u r t s e y .  

The S u r t s e y  Biology Confe rence ,  P r o c e e d i n g s ,  

p .  19-21. 



T
A
B
L
E
 

I 

S
p

e
c

ie
s

 a
n

d
 

p
a

r
ts

 o
f 

v
a

s
c

u
la

r 
p

la
n

ts
 r

e
c

o
rd

e
d

 
d

r
if

te
d

 a
s

h
o

re
 

i
n

 S
u

rt
s

e
y

 

A
tr

ip
le

x
 p

a
tu

la
 

M
a

tr
ic

a
ri

a
 r

n
a

ri
ti

n
a

 

e
a

v
e

s
 a

n
 



T
A

B
L

E
 

1
1

 

P
e

rc
e

n
ta

g
e

 
o

f 
g

e
rm

in
a

ti
n

g
 
se

e
d

 
fo

ll
o

w
in

g
 s

to
ra

g
e

 i
n

 s
e

a
w

a
te

r 
a

t
 2

'
~

 

-. i 

S
p

e
c

ie
s
 

S
il

e
n

e
 a

c
a

u
li

s
 

C
a

rd
a

m
in

o
p

si
s 

p
e

tr
e

a
 

C
e

ra
st

iu
m

 a
lp

in
u

m
 

M
a 
tr

 i
c

a
r
 ia

 m
ar

 i
 t 

im
a 

P
la

n
ta

g
o

 m
ar

 i
t
 im

a 

C
a

k
il

e
 
e

d
e

n
tu

la
 

N
aC

l 
%

 

3
.1

8
 

3
.1

2
 

3
.1

2
 

3
.2

6
 

2
.6

1
 

3
.2

7
 

N
um

be
r 

o
f 

w
ee

k
s 

in
 s

e
a

 
w

a
te

r 

1
 

%
 

7
0

.3
 

8
3

.2
 

1
0

0
.0

 

6
.6

 

5
.1

 

0
.0

 

2
 

%
 

1
0

0
.0

 

3
8

.4
 

9
1

.3
 

1
0

.0
 

2
0

.0
 

3
0

.0
 

4
 

%
 

9
2

.1
 

1
5

.6
 

4
6

.7
 

3
0

.0
 

6
6

.7
 

2
0

.0
 

8
 

%
 

8
4

.0
 

5
2

.0
 

9
0

.0
 

2
4

.1
 

7
2

.0
 

6
0

.0
 

1
6

 
%

 

5
7

.0
 

5
2

.0
 

9
0

.0
 

4
0

.0
 

7
2

.0
 

8
5

.4
 

3
2

 %
 

4
2

.3
 

0
.0

 

7
4

.0
 

5
4

.5
 

5
0

.5
 

3
7

.5
 



The P i o n e e r  S p e c i e s  o f  V a s c u l a r  P l a n t s  i n  S u r t s e y ,  

C a k i l e  E d e n t u l a  

S t u r l a  F r i d r i k s s o n  
U n i v e r s i t y  R e s e a r c h  I n s t i t u t e ,  R e y k j a v i k  

The f i r s t  s p e c i e s  o f  h i g h e r  p l a n t s  t o  c o l o n i z e  t h e  new 

v o l c a n i c  i s l a n d  o f  S u r t s e y  was d i s c o v e r e d  on  J u n e  3 r d  1965 .  

S m a l l  s e e d l i n g s  o f  C a k i l e  e d e n t u l a  were found  growing  upon 

t h e  sandy  b e a c h  n o r t h  o f  t h e  s m a l l  l a g o o n  on t h e  i s l a n d .  On June  

8 t h  a n  e x p e d i t i o n  d i s c o v e r e d  some 20 a d d i t i o n a l  s e e d l i n g s  o f  t h e  

same s p e c i e s  g rowing  a p p r o x i m a t e l y  5 0  m e a s t  o f  t h e  p r e v i o u s  l o c a t i o n .  

The p l a n t s  were  a l l  g rowing  i n  a  m i x t u r e  o f  t e p h r a  a n d  de-  

c a y i n g  seaweed (Ascophyl lum nodosum),  which  e v i d e n t l y  formed a 

s u i t a b l e  medium f o r  t h e  g e r m i n a t i o n  and  g rowth  o f  t h e  young p l a n t s .  

The p l a n t s  had grown f rom s e e d  t h a t  a p p a r e n t l y  had b e e n  washed 

a s h o r e ,  p o s s i b l y  a l o n g  w i t h  t h e  s eaweed ,  wh ich  m i g h t  a c t  a s  a  f l o a t ,  

a i d i n g  d i s p e r s a l  o f  s e e d  by o c e a n .  

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

m a t u r e ,  b u t  succumbed a  few weeks l a t e r  u n d e r  a  shower o f  a s h e s  

c a r r i e d  f rom t h e  v o l c a n i c  c r a t e r  o f  S y r t l i n g u r  l o c a t e d  NE o f  

S u r t s e y .  The f a l l  o f  f r e s h  t e p h r a  f rom t h i s  s a t e l l i t e  v o l c a n o  t h u s  

d e l a y e d  t h e  c o l o n i z a t i o n  o f  h i g h e r  p l a n t s  on  S u r t s e y  . ( F r i d r i k s s o n  

1965 a ,  1965  b ) .  

I t  was n o t ' s u r p r i s i n g  t o  f i n d  C a k i l e  a s  t h e  f i r s t  s p e c i e s  o f  

v a s c u l a r  p l a n t s  t o  grow i n  S u r t s e y ,  and  t h u s  becoming a  p i o n e e r  

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

t h e  i s l a n d .  Seed o f  C a k i l e  had p r e v i o u s l y  b e e n  found  d r i f t e d  a s h o r e  

i n  S u r t s e y  b u t  when t e s t e d  it d i d  n o t  show any  s i g n  o f  g e r m i n a t i o n  

( F r i d r i k s s o n  1 9 6 4 ) .  I t  was however ,  assumed t h a t  t h e  s e e d  would n o t  

be  g r e a t l y  a f f e c t e d  by t h e  s a l i n i t y  o f  t h e  s e a ,  a s  C a k i l e  is  a  



c o a s t a l  s p e c i e s  hav ing  seed  w i t h  a  t h i c k  c o r k  c a p s u l e ,  which pro-  

t e c t s  i t  and k e e p s  it f l o a t i n g  f o r  a  c o n s i d e r a b l e  l e n g t h  o f  t i m e .  

I t  had even been s u g g e s t e d  by Love and Love (1947,  1956) t h a t  

C a k i l e  was one o f  t h o s e  s p e c i e s  found i n  I c e l a d  which c o u l d  have 

been c a r r i e d  by ocean  c u r r e n t s  t o  t h e  c o u n t r y  from t h e  c o a s t  of 

America. T h i s  a s sumpt ion  was based on t h e  a u t h o r s 7  c y t o l o g i c a l  

s t u d i e s ,  which i n d i c a t e d  t h a t  t h e  European C a k i l e  ( s p .  mar i t ima)  

i s  d i p l o i d  compared t o  t h e  t e t r a p l o i d  ( s p .  e d e n t u l a )  o f  America, 

t h e  Azor I s l a n d s  and I c e l a n d .  

The d i s c o v e r y  o f  t h e  p i o n e e r  p l a n t  i n  S u r t s e y  shows t h a t  

l i v i n g  C a k i l e  s e e d  is  b e i n g  d i s p e r s e d  over  such  d i s t a n c e s  a s  between 

S u r t s e y  and some C a k i l e  c o l o n y ,  t h e  n e a r e s t  b e i n g  on  a n  i s l a n d  20 km 

away. A t e s t  of  t h e  v i a b i l i t y  of  C a k i l e  seed  a f t e r  immersion i n  s e a  

wa te r  f u r t h e r m o r e  s u p p o r t s  t h e  p o s s i b i l i t y  o f  d i s p e r s a l  o f  s u c h  

l i v i n g  s e e d  o v e r  s t i l l  g r e a t e r  d i s t a n c e s .  (See F r i d r i k s s o n ,  t h i s  

r e p o r t ) .  
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REPORT 

on t h e  Marine B i o l o g i c a l  Survey Around and on S u r t s e y  

by 
Unnur Skf i lad6t t  ir  

Marine Resea rch  I n s t i t u t e  

M a t e r i a l s  and Methods. 

For bot tom samples  t h e  f o l l o w i n g  i n s t r u m e n t s  were used:  

P e t e r s e n  g r a b  

R e c t a n g u l a r  d redge  

Bober t son  bucke t  d redge  

Ring d r e d g e  

For c o l l e c t i n g  zoop lank ton  t h e  f o l l o w i n g  i n s t r u m e n t s  were 

used:  

Hensen n e t  

I c e l a n d i c  h i g h  speed p l a n k t o n  sampler  

For c o l l e c t i n g  t h e  l a r v a e  o f  bot tom a n i m a l s :  a  s m a l l  hand- 

towed p l a n k t o n  n e t  was u s e d .  

I n v e s t i g a t i o n s , w h i c h  were s t a r t e d  i n  1963,  have been con- 

t i n u e d  i n  much t h e  same manner w i t h  t h r e e  s u r v e y s  o f  t h e  s e a  

around S u r t s e y .  O b s e r v a t i o n s  were a g a i n  made a l o n g  t h e  f o u r  

s e c t i o n s  d i r e c t e d  e a s t - w e s t  and n o r t h - s o u t h  from S u r t s e y ,  a t  

f 1, 3 ,  7 a n d  12 n a u t i c a l  m i l e s  r e s p e c t i v e l y  o f f  t h e  i s l a n d .  

B e s i d e s  t h i s  z o o p l a n k t o n  was c o l l e c t e d  on  one o r  more s e c t i o n s  

f a r t h e r  west i n  t h e  Se lvogsbank i  r e g i o n .  

Surveys  of  t h e  s h o r e  of  S u r t s e y  have been made i n  seven  

v i s i t s  t o  t h e  i s l a n d .  

o b s e r v a t i o n s  and R e s u l t s .  

The t h r e e  s u r v e y s  o f  t h e  s e a  around S u r t s e y  were c a r r i e d  

o u t  i n  March, May and August .  The zoop lank ton  was c o l l e c t e d  a t  



a l l  t h e  s t a t i o n s  o f  t h e  " S u r t s e y  c r o s s f '  and a l s o  a l o n g  o t h e r  

s e c t i o n s  f a r t h e r  w e s t .  I n  t h e  May su rvey  no zoop lank ton  was 

c o l l e c t e d .  The p h y t o p l a n k t o n  was c o l l e c t e d  a t  eve ry  second 

s t a t i o n  a l o n g  " S u r t s e y  c r o s s "  and a l s o  a l o n g  t h e  s e c t i o n  w e s t  

o f  t h e  9 v S u r t s e y  c r o s s v 1  and n e x t  t o  i t .  I n  t h e  May s u r v e y ,  however, 

t h e  phy top lank ton  was o n l y  c o l l e c t e d  a l o n g  t h e  n o r t h  e a s t  and 

s o u t h  s e c t i o n s  o f  t h e  " S u r t s e y  c r o s s " .  The l a r v a e  o f  bot tom 

a n i m a l s  were c o l l e c t e d  a t  t h e  s t a t i o n s  n e x t  t o  S u r t s e y  a t  1 - 6  

s t a t i o n s  i n  e a c h  s u r v e y .  The bottom samples  were c o l l e c t e d  

a c c o r d i n g  t o  t h e  t a b l e s  1-111. 

No samples  have been worked up y e t  a p a r t  from one sample 

c o n t a i n i n g  one a n i m a l .  T h i s  h a s ,  however, o n l y  been i d e n t i f i e d  

a s  f a r  a s  t h e  genus .  The specimen was c a u g h t  by a  r e c t a n g u l a r  

d redge  on  May 5 t h - 6 t h )  200 m ( 0 . 1  n a u t i c a l  m i l e )  n o r t h  o f  S u r t s e y ,  

a t  a  d e p t h  of  70 m .  The d e p t h  t h e r e  was 120-130 m b e f o r e  t h e  

e r u p t i o n .  The a n i m a l  is  a  nud ib ranch ,  a  Coryphe l l a  s p e c i e s .  

On May 1 8 t h  one e x t r a  s t a t i o n  was worked 0 . 2  n a u t i c a l  

miles south-west  o f  S u r t s e y ,  a t  t h e  d e p t h  of  85 m .  Here a g a i n  

t h e  d e p t h  was 120-130 m b e f o r e  t h e  e r u p t i o n .  The l a v a  b rough t  up 

by t h e  r e c t a n g u l a r  d redge  c a r r i e d  a  co lony  o f  some hydrozoa .  

On August 9 t h - 1 0 t h  a  r emarkab le  sample was o b t a i n e d ,  0 . 1  

n a u t i c a l  m i l e s  w e s t  o f  S u r t s e y  a t  a d e p t h  o f  82 m .  The sample 

w a s  o b t a i n e d  by t h e  r e c t a n g u l a r  and c o n t a i n e d  mud and q u i t e  a  

few a n i m a l s  i n  i t .  The mud sample was a n a l y s e d  by D r .  S i g v a l d a s o n ,  

a  geochemis t .  He m a i n t a i n 6  t h e  mud c o n s i s t s  o f  v o l c a n i c  m a t e r i a l  

from t h e  e r u p t i o n  which s t a r t e d  e a s t  of t h e  i s l a n d  on t h e  2 3 r d  

o f  May 1965.  I t  is of  i n t e r e s t  t o  n o t e  t h a t  on November 16 th -17 th  

1964,  a  bot tom sample was o b t a i n e d  by t h e  r e c t a n g u l a r  d redge  0 . 2  

n a u t i c a l  miles w e s t  of S u r t s e y  a t  a  d e p t h  o f  70 m .  T h i s  c 'onta ined 

new l a v a  and 4 s p e c i e s  o f  a n i m a l s ,  S i g u r d s s o n  (1965) .  

The i s l a n d  was v i s i t e d  on t h e  f o l l o w i n g  d a t e s :  January  1 8 t h ,  

January  3 1 s t ,  March 1 8 t h )  A p r i l  2 9 t h ,  June  6 t h ,  J u l y  3 r d  and 

August .  Animals found were: 



1. P e l a g i c  a n i m a l s  which had d r i f t e d  a s h o r e .  Of t h e s e ,  

e u p h a u s i d s  and amphipods were t h e  most p rominen t .  There  

were a l s o  b a r n a c l e s  on d e b r i s  and arrowworms. On s e p a r a t e  

o c c a s i o n s  one b e n t h o n i c  f i s h  egg was f o u n d ,  p robab ly  from 

a  C o t t u s  s p e c i e s ,  e g g c a p s u l e s  of  a  g a s t r o p o d ,  a  few 

cepha lopods ,  b o t h  decapods  and a n  o c t o p o d ,  and some c a l a n u s  

on d r i f t w o o d .  None of  t h e s e  a r e  o f  i n t e r e s t  a s  h i g r a n t s .  

2 .  Two u n i d e n t i f i e d  m i c r o s c o p i c a l  a n i m a l s ,  one  o f  which is a  

nematode. These specimens  were found on washing a  s m a l l  

p i e c e  o f  r o c k  which was loosened from a  c r e e k  o f  a  l a r g e  

r o c k .  These a n i m a l s  may v e r y  well have d r i f t e d  a s h o r e  l i k e  

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

i n t e r t i d a l  zone .  

No m a c r o s c o p i c a l  l i v i n g  a n i m a l s  which c o u l d  be  l i v i n g  i n  

t h e  sand o r  on t h e  r o c k s  o f  t h e  i n t e r t i d a l  zone  o f  S u r t s e y  were 

e v e r  t o  be  found.  

On June  t h e  3 r d ,  r o c k s  from S u r t s e y  were t r a n s f e r r e d  t o  

Westman i s l a n d s  and t o  t h e  mainland.  Of t h e  two s t o n e s  which were 

p l a n t e d  i n  a  rocky  s h o r e  a t  t h e  Westman i s l a n d s ,  one had a l r e a d y  

u l v a  and newly s e t t l e d  b a r n a c l e s  on i t  when rev iewed  one month 

l a t e r .  The o t h e r  r o c k  d i d  n o t  have any i n h a b i t a n t s ,  b u t  it was 

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

t h e  r o c k  d o e s  n o t  seem t o  a c c o u n t  f o r  t h e  a b s e n c e  o f  b a r n a c l e s  

and o t h e r  a n i m a l s  on  t h e  rocky s h o r e s  of  S u r t s e y .  



P a r t i c i p a t i n g  s c i e n t i s t s :  

Ingvar  H a l l g r  imsson 

J u t t a  Magnfisson 

A d a l s t e i n n  S i g u r d s s o n  

Gunnar J6nsson 

Unnur Skfilad6t t ir 

Thorunn T h o r d a r d 6 t t i r  

Reference:  

A d a l s t e i n n  S i g u r d s s o n  (1965): Repor t  on t h e  Marine B i o l o g i c a l  

Survey around and on S u r t s e y .  S u r t s e y  R e s e a r c h  P r o g r e s s  

Repor t  I .  



TABLE I .  

The d i s t r i b u t i o n  o f  bo t tom s a m ~ l e s  t a k e n  

on  t h e  " S u r t s e y  c r o s s "  March 2 9 t h - 3 0 t h .  

D i r e c t i o n  D i s t a n c e  f rom Dep th  Bottom samples  Bottom s a m p l e s  

f rom S u r t s e y  S u r t s e y .  meters c o n t a i n i n g  c o n t a i n i n g  n o t h i n g  

N a u t i c a l  m i l e s  a n i m a l s  o r  no  a n i m a l s  

N o r t h  1 1 0 5  S  

E a s t  1 1 2 5  S  

S o u t h  

West 

P e t e r s e n  g r a b  

R e c t a n g u l a r  d r e d g e  

R o b e r t s o n  b u c k e t  d r e d g e  

R i n g  d r e d g e  

d e n o t a t i o n  



TABLE 11. 

The d i s k r i b u t i o n  o f  bot tom samples  t a k e n  

on t h e  " S u r t s e y  c r o s s t t  May 5 t h - 1 8 t h .  

D i r e c t  i o n  D i s t a n c e  from Depth Bottom samples  Bottom s a m p l e s  

from S u r t s e y  S u r t s e y .  m e t e r s  c o n t a i n i n g  c o n t a i n i n g  n o t h i n g  

N a u t i c a l  m i l e s  a n i m a l s  o r  no a n i m a l s  

Nor th  0 . 1  75 S  P 

3 103 P 

7 8 7  P 

12 8 0  P 

E a s t  0 . 2  12  0 

1 127 S  

3 95 S  

7  135 S  

S o u t h  1 115 S  

3 135-132 2  P and HS 

7  158-185 2  HS 

South-West 0 . 2  8 5  S 

West 1 100 s 
3 130 S  

7  135 P and K 

12  158-160 HS and K 

D e n o t a t i o n  t h e  same a s  i n  t a b l e  I .  



TABLE 111. 

The d i s t r i b u t i o n  o f  bot tom samples  t a k e n  

on t h e  " S u r t s e y  cross1 '  August 9 th -10 th .  

D i r e c t  i o n  D i s t a n c e  from Depth Bottom samples  Bottom samples  

from S u r t s e y  S u r t s e y  . m e t e r s  c o n t a i n i n g  c o n t a i n i n g  n o t h i n g  

N a u t i c a l  miles a n i m a l s  o r  no a n i m a l s  

Nor th  1 82 S 

0 . 2 - 0 . 3  82 S  

Sou th  1 ? S  

7 186 FS 

West 

D e n o t a t i o n  t h e  same a s  i n  t a b l e  I .  



G E O C H E M I S T R Y  



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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Advance R e p o r t  o n  lVAcid1' X e n o l i t h s  f rom S u r t s e y  

H a r a l d u r  S i g u r d s s o n  
The U n i v e r s i t y  R e s e a r c h  I n s t i t u t e  

I n  t h e  c o u r s e  o f  t h e  S u r t s e y  e r u p t i o n  a  number o f  x e n o l i t h s  

have  been  e j e c t e d .  T h i s  r e p o r t  d e a l s  s o l e l y  w i t h  t h e  "ac id1 '  xeno-  

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

and i t  i s  a  p l e a s u r e  t o  acknowledge  o u r  d e b t  t o  a l l  t h o s e  who 

have  c o n t r i b u t e d  t o  t h e  c o l l e c t i o n ,  e s p e c i a l l y  J e n s  T6rnasson) 

J6n  J 6 n s s o n  and  Dr .  F i n n u r  Gudmundsson, who s u p p l i e d  v e r y  v a l u a b l e  

m a t e r i a l .  Work is  s t i l l  i n  p r o g r e s s  on  t h i s  s t u d y ,  and  t h e  a u t h o r  

would b e  mos t  g r a t e f u l  f o r  any  a d d i t i o n s  t o  t h e  p r e s e n t  a c i d  

x e n o l i t h  c o l l e c t i o n .  

The g r e a t  m a j o r i t y  o f  t h e  a c i d  x e n o l i t h s  were  c o l l e c t e d  

from v o l c a n i c  a s h  j u s t  a f t e r  t h e  e x p l o s i v e  p h a s e  c e a s e d ,  b u t  i n  

a d d i t i o n  t h e  l a t e  T6mas Tryggvason  c o l l e c t e d  a n  e x c e l l e n t  s p e c i -  

men o f  a n  a c i d  x e n o l i t h  e n c l o s e d  i n  l a v a  on S u r t s e y .  The l a t e s t  

a c i d  x e n o l i t h s  were g a t h e r e d  by Dr.  F i n n u r  Gudmundsson on t h e  

b e a c h  o f  S u r t s e y  from amongst  d r i f t i n g  pumice f r o m S y r t l i n g u r  on 

J u n e  3 r d ,  1965 ,  and  t h e s e  x e n o l i t h s  were a l m o s t  c e r t a i n l y  b r o u g h t  

up by t h e  S y r t l i n g u r  e r u p t i o n .  

The a c i d  x e n o l i t h s  c o l l e c t e d  a r e  sub-rounded t o  s p h e r i c a l ,  

and r a n g e  i n  s i ze  f rom 2 c m  t o  1 0  c m  i n  d i a m e t e r .  They a r e  i n -  

v a r i a b l y  c o a t e d  w i t h  a  v e n e e r  o f  dark-brown t o  b l a c k  b a s a l t i c  

g l a s s ,  and  a r e  t h e r e f o r e  e a s i l y  o v e r l o o k e d  i n  t h e  t e p h r a .  Micro-  

s c o p i c a l l y  t h e  a c i d  x e n o l i t h s  a r e  d i v i s i b l e  i n  two: 

( a )  d e n s e ,  c h a l k y - w h i t e  o r  l i g h t - g r e y  and  f i n e  g r a i n e d  

x e n o l i t h s ;  

( b )  c o a r s e  g r a i n e d ,  y e l l o w i s h  x e n o l i t h s  o f  g r a n i t i c  o r  

g r a n o p h y r i c  t e x t u r e .  



The f i r s t  mentioned group is by f a r  t h e  more abundan t ,  

whereas o n l y  2 samples  o f  g r a n i t i c  x e n o l i t h s  a r e  a v a i l a b l e  t o  

t h e  a u t h o r .  B u t ,  a s  w i l l  be shown l a t e r ,  t h e  x e n o l i t h s  from 

S y r t l i n g u r  a r e  c l o s e l y  a l l i e d  t o  and d e r i v e d  from t h e  g r a n i t i c  

x e n o l i t h s .  

Dense f i n e  g r a i n e d  x e n o l i t h s .  

These x e n o l i t h s  a r e  ve ry  s i m i l a r  a s  a  g roup ,  c o n s i s t i n g  o f  

a n  e n t i r e l y  c r y s t a l l i n e  mass ,  g e n e r a l l y  p a r t l y  " s p h a e r u l i t i c "  

and w i t h  a  f e l t y  mass o f  f i n e  c r y s t a l s  o r  m i c r o l i t e s  0 . 0 5  - 0 . 1  mm 

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

i d e n t i f i c a t i o n  by t h e  o p t i c a l  microscope,  b u t  a n  x-ray d i f f r a c t i o n  

s t u d y  of  t h e s e  is i n  p r o g r e s s .  T r i d y m i t e  is a n  u b i q u i t o u s  con- 

s t i t u e n t  i n  t h e  d e n s e ,  f i n e  g r a i n e d  x e n o l i t h s ,  i n  s m a l l  " n e s t s "  

o f  twinned,  wedge-shaped c r y s t a l s  of ve ry  low b i r e f r i n g e n c e  and 

low r e f r a c t i v e  i n d e x .  

C o r d i e r i t e  i s  c e r t a i n l y  p r e s e n t  i n  one x e n o l i t h  and p o s s i b l y  

i n  some o t h e r s .  C o r d i e r i t e  h a s  been i d e n t i f i e d  by x-ray  d i f f r a c t i o n  

methods i n  specimen No. 1162 where i t  o c c u r s  a s  s m a l l  r e c t a n g u l a r  

c r y s t a l s  of  good h a b i t ,  o p t i c a l l y  p o s i t i v e ,  2Vy 80-88O. Very 

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

i n  t h e  s p h a e r u l i t i c  p a t c h e s .  

Other m i n e r a l s  a r e  n o t  i d e n t i f i e d  s o  f a r .  



TABLE I 

Dense ,  f i n e  g r a i n e d  a c i d  x e n o l i t h  f rom S u r t s e y :  

S i 0 2  

A1203 

Fe203 
FeO 

MnO 

G r a n i t i c  and  n r a n o P h v r i c  x e n o l i t h s .  

Norm: 

Qz 

O r  

Ab 

An 

Wo 

En 

F s  

M t  

AP 

A n a l y s t  : H. S i g u r d s s o n  

Only two good s a m p l e s  o f  t h i s  t y p e  a r e  a v a i l a b l e .  Specimen 

N o .  1165  is  a  g r e y  r o c k  f r a g m e n t ,  1-2 mm i n  g r a i n  s i z e ,  showing  

g r a n i t i c  t e x t u r e  w i t h  r a r e  g r a n o p h y r i c  i n t e r g r o w t h  a r o u n d  some o f  

t h e  p l a g i o c l a s e  l a t h s .  P l a g i o c l a s e ,  q u a r t z  and  a l k a l i  f e l d s p a r  

a r e  t h e  c h i e f  m i n e r a l s .  The tw inned  p l a g i o c l a s e  h a s  2Vy 68-75O, 

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

Abg8 ( low temp. s e r i e s ) .  B o t h  m i c r o c l i n e  and  o r t h o c l a s e  a r e  

p r e s e n t ,  t h e  l a t t e r  i n  g r a p h i c  i n t e r g r o w t h s  w i t h  q u a r t z ,  Z i r c o n  

is a  common a c c e s s o r y .  



The x e n o l i t h  is c o a t e d  by a  t h i n  veneer  o f  c o l o u r l e s s  g l a s s ,  

n  = 1 . 4 9 5 ,  formed by t h e  f u s i o n  o f  f e l d s p a r  and q u a r t z .  G l a s s  i s  

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

a l l  t h e  m i n e r a l  g r a i n s  i n  t h e  r o c k .  A t  t h e  t ime  o f  e r u p t i o n  t h e  

g r a n i t e  x e n o l i t h  had a l r e a d y  been p a r t i a l l y  f u s e d  by t h e  e n c l o s i n g  

b a s i c  magma, b u t  t h e  r e s u l t i n g  l i q u i d  became quenched t o  g l a s s  on 

e j e c t i o n  from t h e  c r a t e r .  

Xeno l4 th  No. 1166 is o f  g r a n i t i c  t e x t u r e ,  g rey  c o l o u r e d  

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

s u b o r d i n a t e  q u a r t z .  P l a g i o c l a s e ,  de termined on t h e  U-stage,  h a s  

2 V \ d  63-68O, and a n  o p t i c  o r i e n t a t i o n  i n d i c a t i n g  Ab7% R e f r a c t i v e  

index o n p  i s  1 .546 The a l k a l i  f e l d s p a r  i s  o r t h o c l a s e ,  

and t h e  combined v a l u e s  of  r e f r a c t i v e  i n d e x  (,& = 1 . 5 3 1 )  and 

e x t i n c t i o n  a n g l e  i n d i c a t e  Ors0 AbqO Anl0. 

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

e x c e p t  of  a n  unknown fe r romagnes ian  m i n e r a l ,  l e a v i n g  dark-brown 

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

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

enve lope  i n  t h e  ou te rmos t  zone .  

Some of t h e  f e l d s p a r s  i n  t h i s  x e n o l i t h  have n o t  undergone 

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

have r e v e r t e d  t o  a n  a g g r e g a t e  of  minute  h igh- tempera tu re  m i n e r a l s ,  

which mimick t h e  o p t i c a l  o r i e n t a t i o n  o f  t h e  p a r e n t  f e l d s p a r  s o  

t h a t  t w i n n i n g  may be p r e s e r v e d  and t h e  e n t i r e  a g g r e g a t e  ' remain  i n  

o p t i c a l  c o n t i n u i t y .  

The m i n e r a l  compos i t ion  of  t h e s e  a g g r e g a t e s  is a s  y e t  unknown. 

The ou te rmos t  g l a s s  o f  t h e  x e n o l i t h  is  c o l o u r l e s s ,  n  = 1 . 4 9 8  and 

the -boundary  between t h e  a c i d  g l a s s  and t h e  e n c l o s i n g  b a s a l t i c  
a 

g l a s s  is q u i t e  s h a r p .  
' , 

Specimen No. 511 was amongst t h o s e  c o l l e c t e d  from S y r t l i n g u r  

a s h ,  and c o n s i s t s  of a  v e r y  f r o t h y ,  v e s i c u l a r  l i g h t - g r e y  g l a s s .  

N o  c r y s t a l s  a r e  p r e s e n t  e x c e p t  f o r  a c c e s s o r y  z i r c o n .  R e f r a c t i v e  



index  of  t h i s  g l a s s ,  is n  = 1 . 4 9 5 .  I t  i s  b e l i e v e d  t h a t  t h i s  s p e c i -  

men r e p r e s e n t s  t h e  comple te  f u s i o n  of  a  g r a n i t i c  x e n o l i t h ,  s u c h  

a s  t h o s e  d e s c r i b e d  above.  

D i s c u s s i o n .  

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

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

unknown t e x t u r e ,  r e p r e s e n t e d  by t h e  d e n s e ,  f i n e  g r a i n e d  xeno- 

l i t h s .  The g r a n i t i c  x e n o l i t h s  have undergone v a r y i n g  d e g r e e s  

o f  f u s i o n ,  b rough t  abou t  by t h e  f l u x i n g  a c t i o n  o f  v o l a t i l e s  from 

t h e  b a s i c  magma a s  w e l l  a s  t h e  mutual  f l u x i n g  o f  q u a r t z  and f e l d -  

s p a r  w i t h i n  t h e  x e n o l i t h  a t  t h e  h i g h  t e m p e r a t u r e  a v a i l a b l e  i n  

t h e  magma ( 1 1 7 0 ~ ~ ) .  

A t t e n t i o n  is drawn t o  t h e  a b s e n c e  o f  h y b r i d i s a t i o n  between 

t h e  g r a n i t i c  l i q u i d  and t h e  b a s a l t  magma; even b a s a l t i c  o l i v i n e  

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

r e a c t i o n  f e a t u r e s .  

The d e n s e ,  f i n e  g r a i n e d  x e n o l i t h s  a r e  c o n s i s t e n t l y  c r y s t a l -  

l i n e  and never  c o n t a i n  g l a s s .  They a r e  b e l i e v e d  t o  be  t h e  pyro-  

metamorphic p r o d u c t  of a  r o c k ,  p o s s i b l y  of  a n  o r i g i n a l  sed imenta ry  

n a t u r e  o r  a n  i g n e o u s  rock  o f  a  ve ry  u n u s u a l  compos i t ion  ( e . g .  a n  

igneous  c u m u l a t e ) ,  now c o m p l e t e l y  r e c r y s t a l l i z e d .  The o x i d e s  S i 0 2 ,  

A 1 2 0 3  and CaO c o n s t i t u t e  94% o f  t h e  d e n s e ,  f i n e  g r a i n e d  x e n o l i t h .  

T h e i r  c o m p o s i t i o n  i s  t h e r e f o r e  amenable t o  a  s t u d y  i n  t h e  sys tem 

Ca0-A1203-Si02 (Rankin and Wr igh t ,  A m .  J. S c i . ,  3 9 ,  1915,  p .  2 5 ) .  

The x e n o l i t h  f a l l s  on t h e  b i n a r y  e u t e c t i c  a n o r t h i t e  - m u l l i t e ,  

v e r y  c l o s e  t o  t h e  t e r n a r y  e u t e c t i c  p o i n t  t r i d y m i t e  - m u l l i t e  - 
a n o r t h i t e ,  whose l i q u i d u s  t e m p e r a t u r e  is 1 3 4 5 ~ ~ .  The a b s e n c e  of  

g l a s s  i n  t h e  d e n s e ,  f i n e  g r a i n e d  x e n o l i t h s  is  t h e r e f o r e  r e a d i l y  

accoun ted  f o r ,  a s  t h e  magma c e r t a i n l y  never  r eached  t h e  ex t reme  

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



The work i n  p r o g r e s s  on a c i d  x e n o l i t h s  from S u r t s e y  is  

p a r t  o f  a  wide-embracing s t udy  on a c i d  x e n o l i t h s  c o l l e c t e d  from 

a  r ange  o f  v o l c a n i c  r o c k s  from a l l  p a r t s  o f  I c e l a n d .  Among t h e s e  

a r e  specimens c o l l e c t e d  from T e r t i a r y  b a s a l t s ,  P l e i s t o c e n e  pa l a -  

g o n i t e  t u f f s  a s  w e l l  a s  r e c e n t  l a v a s  and c i n d e r  cones .  I t  is 
p o s s i b l e  t h a t  t h i s  m a t e r i a l  may have a  b e a r i n g  on t h e  en igmat ic  

- and f a s h i o n a b l e  - q u e s t i o n  o f  t h e  n a t u r e  and composi t ion  of 

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



Repor t  on C o l l e c t i o n  and A n a l y s i s  of  

Volcan ic  Gases from S u r t s e y  

by 
Gudmundur E. S igva  l d a s o n  and Gunnlaugur E l i 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 ,  Reykjavik  

The p r e s e n t  p r o g r e s s  r e p o r t  summarizes t h e  r e s u l t s  of  g a s  

a n a l y s e s  on  samples  from S u r t s e y  i n  1965.  The l a v a  p r o d u c t i o n  

s t o p p e d  d u r i n g  May 1965 and a f t e r  t h a t  g a s  sampl ing  h a s  n o t  been 

a t t e m p t e d  s i n c e  no v i g o r o u s  f u m a r o l i c  a c t i v i t y  is found on t h e  

i s l a n d .  

O f  s e v e r a l  a t t e m p t s  which were made t o  c o l l e c t  g a s e s  d u r i n g  

1965 on ly  two were  s u c c e s s f u l .  The c o l l e c t i o n s  were made u s i n g  t h e  

same a p p a r a t u s  a s  d e s c r i b e d  i n  t h e  p r e v i o u s  r e p o r t ,  b u t  t h e  wa te r  

t r a p  was c o o l e d  i n  a  wa te r  b a t h  ( c a .  1 0 ' ~ )  i n s t e a d  o f  a i r .  

The a n a l y s i s  a r e  p r e s e n t e d  i n  t a b l e  1 and 2 .  The samples  

from J a n .  18 a r e  h e a v i l y  con tamina ted  w i t h  a i r ,  whereas  t h e  

samples  from February  21  c o n t a i n  o n l y  0.07% o f  i n a c t i v e  g a s e s  

i n d i c a t i n g  comple te  absence  o f  c o n t a m i n a t i o n .  

On two o c c a s i o n s , 0 c t .  15 1964 and Febr .  2 1  1965,  i t  h a s  been 

p o s s i b l e  t o  c o l l e c t  g a s e s  w i t h o u t  any o b v i o u s  c o n t a m i n a t i o n .  A 

number of u n s u c c e s s f u l  a t t e m p t s  were made and i t  might  be wor th  

w h i l e  t o  compare c o n d i t i o n s  a t  sampl ing  s i t e s  where good and 

poor samples  were o b t a i n e d  . 
The sampl ing  si tes can  be  d i v i d e d  i n t o  t h r e e  groups:  

1. Cracks  i n  c o o l i n g  l a v a ,  where sampl ing  t u b e  c o u l d  be 

lowered i n t o  t h e  s t i l l  glowing i n t e r i o r  o f  t h e  l a v a  s t r e a m .  

Tempera ture  a l r e a d y  below t h e  s o l  i d u s  o r  a round 8 0 0 - € 3 5 0 ~ ~ .  

2 .  Narrow c r a c k s  i n  t h e  c o n s o l i d a t e d  r o o f  o f  a  l a v a t u b e ,  w i t h  

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

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

e s c a p e  under p r e s s u r e .  



3 .  A c t i v e  chimneys ( h o r n i t o s )  on c o n s o l i d a t e d  l a v a  s u r f a c e .  

Openings a r e  wide w i t h  r e s p e c t  t o  t h e  c r a c k s  mentioned 

under group 2  and t h e  g a s e s  a r e  r e l e a s e d  under atmos- 

p h e r i c  p r e s s u r e .  

Q u a l i t y  of  samples  from group 1 s i t e s  is poor .  The on ly  

a c t i v e  g a s  found is C02 i n  s m a l l  q u a n t i t i e s  ( l e s s  t h a n  1 . 0 % )  

and t h e  r e s t  is a i r .  

C o n d i t i o n s  r e p r e s e n t i n g  t h e  group 2  s i t e s  were obse rved  on 

Oc t .  15  1964. T h i s  is a  somewhat i d e a l i z e d  c o n d i t i o n ,  which is 

probab ly  n o t  o f t e n  found under v o l c a n i c  e r u p t i o n s .  The group 3 

s i t e s  a r e  l i k e l y  t o  be  found i n  most l ava  e r u p t i o n s  and s p e c i a l  

a t t e n t i o n  s h o u l d  b e  g i v e n  t o  s i t e s  o f  t h i s  k i n d .  I n c r e a s i n g  con- 

t a m i n a t i o n  from a i r  is found w i t h  i n c r e a s i n g  d i a m e t e r  of  t h e  

chimney open ing .  Comparison o f  our  samples  from J a n .  18 and 

F e b r .  2 1  1965 shows t h i s  c l e a r l y .  The f i r s t  samples  c o l l e c t e d  

from a  chimney w i t h  a  one meter  opening a r e  h e a v i l y  c o n t a m i n a t e d ,  

b u t  t h e  l a t t e r  samples  where t h e  opening was t e n  t i m e s  s m a l l e r  

i s  a p p a r e n t l y  f r e e  from any a i r  c o n t a m i n a t i o n .  S p a t t e r i n g  from 

t h e  chimneys may c a u s e  some d i f f i c u l t y  by c l o g g i n g  t h e  sampl ing  

t u b e s .  

Common t o  sampl ing  sites of  group 2 and 3 is development of  

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

ga s  d i s c h a r g e .  At tempts  t o  c o l l e c t  g a s e s  where no f l a m e s  were 

p r e s e n t  e i t h e r  f a i l e d  o r  gave poor r e s u l t s .  

On t h e  b a s i s  of  our  f i e l d  o b s e r v a t i o n  combined w i t h  t h e  

chemical  a n a l y s i s  o f  t h e  g a s e s  we a r e  l e d  t o  b e l i e v e ,  t h a t  t h e  
0 p r o c e s s  of  d e g a s s i n g  from a  l a v a s t r e a m  a t  1400 k is  e s s e n t i a l l y  

r e s t r i c t e d  t o  a  r e l a t i v e l y  s h o r t  t ime  a f t e r  t h e  l a v a  h a s  appeared  

a t  t h e  s u r f a c e .  Dur ing t h i s  s h o r t  p e r i o d  of  t i m e  t h e  l a v a  l o o s e s  

up t o  80-90% of  i ts  v o l a t i l e  c o n s t i t u e n t  ( s e e  a l s o  B j o r n s s o n ,  t h i s  

r e p o r t )  i n  e s s e n t i a l l y  t h e  same p r o p o r t i o n s  a s  i n i t i a l l y  p r e s e n t  

i n  t h e  magma. The l i b e r a t i o n  of  t h e  10-20% v o l a t i l e s ,  which a r e  



l e f t  a f t e r  v igorous  g a s  r e l e a s e  i n  t h e  f r e s h  lava has  subs ided ,  

goes  very s lowly and t h e  chemist ry  of t h e  gases  is l i k e l y  t o  a l t e r  

because of r e a c t i o n s  w i th  a i r  and t h e  c q y s t a l l i z i n g  rock .  

E l l i s  (1959) computed a  t h e o r e t i c a l  composit ion of magmatic 

gases  u s ing  e x i s t i n g  thermodynamical d a t a .  A composit ion w i t h  

molecular  r a t i o s  H z 0  : C02 : H2 : S2, 100 : 10  : 2  : 1 was used 

a s  a  b a s i s  f o r  t h e  c a l c u l a t i o n  s i n c e  t h i s  composit ion is s i m i l a r  

t o  many geothermal and vo lcan ic  gases .  In  a tomic r a t i o s  t h i s  corn- 

P o s i t i o n  is  H : O : C : S ,  100 : 60 : 5 : 1 and our  sample from 

Febr .  2 1  1965 has  t h e  atomic r a t i o s  100 : 60 : 4  : 2 .  I n  s p i t e  o f  

t h e  h igher  su lphur  con ten t  and somewhat lower carbon i n  our  sample, 

i t  is of i n t e r e s t  t o  compare t h e  t h e o r e t i c a l  v a l u e s  a t  1 4 0 0 ~ ~  

w i t h  t h e  a c t u a l  composit ion of t h e  Su r t s ey  gases .  The l a s t  column 

of t a b l e  1 g i v e s  t h e  t h e o r e t i c a l  v a l u e s  from E l l i s ,  which a r e  

s t r i k i n g l y  s i m i l a r  t o  some of our samples.  Th i s  f a c t  g i v e s  u s  a  

c e r t a i n  degree  of conf idence t o  s t a t e ,  t h a t  t h e  gas  samples from 

Sus tsey  may be c l o s e  t o  chemical  equ i l i b r ium a t  PI' c o n d i t i o n s  

of  t h e  sampling s i t e .  
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TABLE I 

TABLE I1  

15.10.1964 21.2.1965 
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0.40 0.40 0.43 
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0.07 0.07 0.07 

0.00 0.00 0.00 
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Radon i n  magmatic g a s  a t  S u r t s e y  and i ts  p o s s i b l e  

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

S v e i n b j o r n  Bjornsson  
S t a t e  E l e c t r i c i t y  A u t h o r i t y  
Department of N a t u r a l  Heat 

A b s t r a c t .  

The a v e r a g e  r a d o n  a c t i v i t y  of magmatic g a s  sampled on 

2 1  February  1965 a t  t h e  l a v a  c r a t e r  o f  S u r t s e y  was found t o  be 

125 t 5% pC/l o f  g a s .  The radium c o n t e n t  o f  t h e  l a v a  was found t o  

be  l e s s  t h a n  0 . 4  10- l2  g/g. The r a d i o a c t i v i t y  of a  5  g  sample 

p r e p a r e d  was less t h a n  t h e  background a c t i v i t y  i n  t h e  i o n i z a t i o n  

chambers used  f o r  t h e  measurements .  An a t t e m p t  f o r  d e t e r m i n i n g  t h e  

radium c o n t e n t  by more s e n s i t i v e  methods is  i n  p r e p a r a t i o n .  

A method is s u g g e s t e d  f o r  e s t i m a t i n g  t h e  wa te r  c o n t e n t  of  

t h e  magma by c a l c u l a t i n g  t h e  radon  c o n t e n t  o f  t h e  magma b e f o r e  

e r u p t i o n  from i t s  radium c o n t e n t  and measur ing  t h e  radon/water  

r a t i o  i n  t h e  l i b e r a t e d  magmatic g a s .  

The radium c o n t e n t  of t h e  S u r t s e y  l a v a  is  n o t  known a t  

p r e s e n t ,  b u t  c a l c u l a t i o n s  based on a n  a v e r a g e  radium c o n t e n t  i n  

s i m i l a r  b a s a l t s  and t h e  obse rved  radon/water  r a t i o  i n  t h e  magmatic 

g a s  gave a  wa te r  c o n t e n t  of  0 . 9  w t .  % i n  t h e  e r u p t e d  magma. 

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

During t h e  l a v a  phase  of t h e  S u r t s e y  e r u p t i o n  s e v e r a l  

a t t e m p t s  were made t o  sample magmatic g a s  from t h e  a c t i v e  c r a t e r ,  

Gas samples  were t a k e n  f o r  chemical  a n a l y s i s ,  t h e  measurement of  

t h e  D/H - r a t i o  i n  H2 - g a s  and wa te r  vapor  and t h e  measurement 

o f  r a d o n .  

The r a d o n  c o n t e n t  of  magmatic g a s  is of  c o n s i d e r a b l e  i n t e r e s t ,  

because  t h e  d e t e r m i n a t i o n  o f  r adon  i n  t h e  g a s  and i ts  p a r e n t  



n u c l i d e ,  r ad ium,  i n  t h e  l a v a  may supply  i n f o r m a t i o n  f o r  e s t i -  

ma t ing  t h e  c o n t e n t  o f  wa te r  i n  t h e  magma. 

Sampling o f  g a s .  

The g a s  samples  f o r  r adon  measurement were t a k e n  s imul-  

t a n e o u s l y  w i t h  samples  f o r  chemical  a n a l y s i s  and deu te r ium 

measurements u s i n g  a  common sampl ing  a p p a r a t u s .  The sampl ing  

p r o c e d u r e  is  d e s c r i b e d  by Arnason ( 1 , 2 )  and S i g v a l d a s o n  and 

E l i s s o n  ( 3 , 4 ) .  

Measurement o f  r a d o n .  

The a c t i v i t y  o f  r adon  i n  t h e  g a s  sample was measured by 

c o n v e n t i o n a l  methods ( e .  g .  Evans ( 5 ) )  u s i n g  a  4 - l i t e r - i o n i z a t i o n  

chamber and a  V i c t o r e e n  475 A v i b r a t i n g  r e e d  e l e c t r o m e t e r  f o r  

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

decay p r o d u c t s .  The equipment was c a l i b r a t e d  w i t h  t h e  a i d  o f  a  

s t a n d a r d  0 , 0 9 9 p C  r a d i u m - s o l u t i o n .  

The background c u r r e n t  i n  t h e  i o n i z a t i o n  chambers was 

e q u i v a l e n t  t o  a  r a d o n  a c t i v i t y  o f  2  PC. The r a d o n  a c t i v i t y  of 

samples  c o n t a i n i n g  l e s s  t h a n  2 pC cou ld  t h e r e f o r e  on ly  be  

de te rmined  w i t h  a  l i m i t e d  a c c u r a c y .  

Measurement o f  radium i n  l a v a .  

I n  o r d e r  t o  e s t i m a t e  t h e  i n i t i a l  c o n c e n t r a t i o n  o f  r a d o n  i n  

t h e  magma a n  a t t e m p t  was made t o  d e t e r m i n e  t h e  radium c o n t e n t  of  

t h e  i s s u e d  l a v a .  The sample used f o r  t h e  radium a n a l y s i s  was a  

lava-bomb, which was e j e c t e d  from t h e  c r a t e r ,  w h i l e  t h e  g a s  

samples  were t a k e n  on 2 1  February  1965. 

The chemica l  p r e p a r a t i o n  o f  t h e  sample was performed by 

B.  Arnason a t  t h e  P h y s i c a l  Labora to ry  o f  t h e  U n i v e r s i t y  o f  I c e l a n d .  
.. 



The p r e p a r a t i o n  was s i m i l a r  t o  t h a t  d e s c r i b e d  by Hudgens e t  a l .  ( 6 ) .  

5  g  o f  l a v a  were r e p e a t e d l y  d i s s o l v e d  i n  HF and f u s e d  w i t h  Na2C03, 

u n t i l  t h e  l a v a  was c o m p l e t e l y  d i s s o l v e d .  The s o l u t i o n  was t h e n  s e a l e d  

o f f  i n  a  g l a s s  gas -wash ing-bo t t l e  i d e n t i c a l  t o  t h e  b o t t l e  c o n t a i n i n g  

t h e  s t a n d a r d - r a d i u m - s o l u t i o n .  Grea t  c a r e  was t a k e n  t h a t  no m a t e r i a l s ,  

which a b s o r b  r a d o n  ( e . g .  g r e a s e ,  r u b b e r )  were i n  c o n t a c t  w i t h  t h e  

r a d o n  g e n e r a t e d  i n  t h e  b o t t l e .  A f t e r  30  days  t h e  r a d o n  had a t t a i n e d  

e q u i l i b r i u m  w i t h  i t s  p a r e n t  n u c l i d e .  The radon  was t h e n  t r a n s f e r r e d  

i n t o  a n  evacua ted  i o n i z a t i o n  chamber by blowing b u b b l e s  o f  N2 t h r o u g h  

t h e  s o l u t i o n  u n t i l  t h e  r a d o n  was comple te ly  washed o u t  of  t h e  

s o l u t i o n .  The method is  d e s c r i b e d  i n  d e t a i l  by Lucas ,  ( 7 ) .  

The same method was used f o r  t r a n s f e r r i n g  r a d o n  from t h e  

s t a n d a r d  radium s o l u t i o n  i n t o  t h e  chamber f o r  c a l i b r a t i o n .  

R e s u l t s .  

Radon. The r e s u l t s  o f  t h e  radon  measurement a r e  shown i n  

T a b l e  I .  The samples  t a k e n  on 2 5  November 1964 and 18 January  1965 

were h e a v i l y  con tamina ted  w i t h  a t m o s p h e r i c  a i r .  Chemical a n a l y s i s  

( s e e  S i g v a l d a s o n  and E l i s s o n  ( 3 , 4 ) )  i n d i c a t e d  a  90 - 95% contamina-  

t i o n .  I f  sample 1 and 2 a r e  c o r r e c t e d  f o r  c o n t a m i n a t i o n ,  t h e y  

i n d i c a t e  a  r a d o n  c o n c e n t r a t i o n  o f  t h e  o r d e r  o f  100 pC/1. 

On 2 1  February  f a r  b e t t e r  samples  were o b t a i n e d .  They con- 

t a i n e d  l e s s  t h a n  0.75 % N 2 ,  which i n d i c a t e s  l e s s  t h a n  1% atmos- 

p h e r i c  c o n t a m i n a t i o n ,  i f  any a t  a l l .  Samples 5 ,  7 and 8 gave 

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

125 2 5% pC/1. 

Radium. The radium c o n t e n t  of t h e  s o l u t i o n  c o n t a i n i n g  5  g  

of  d i s s o l v e d  l a v a  was found t o  be  l e s s  t h a n  2 PC. An a c c u r a t e  

d e t e r m i n a t i o n  of t h e  radium c o n t e n t  was n o t  p o s s i b l e ,  because  

t h e  radon  a c t i v i t y  g e n e r a t e d  by t h e  p r e p a r e d  sample was l e s s  

t h a n  t h e  background a c t i v i t y  i n  t h e  i o n i z a t i o n  chamber. 



D i s c u s s i o n  o f  t h e  r e s u l t s .  

Radon and radium. I n  uncontaminated samples  o f  magmatic 
+ g a s  t h e  a v e r a g e  radon  c o n t e n t  was 125 - 5% pC/1. 

The radium c o n t e n t  of l a v a  i s s u e d  a t  t h e  same t i m e  was found 

t o  be l e s s  t h a n  0 , 4  1 0  -12 g/g. T h i s  i n d i c a t e s  a  r a d o n  c o n t e n t  i n  

t h e  magma less t h a n  0 , 4  pC/g. F u r t h e r  a t t e m p t s  t o  d e t e r m i n e  t h e  

radium c o n t e n t  of  t h e  l a v a  a r e  n e c e s s a r y .  I f  t h e  measurements a r e  

made w i t h  p r e s e n t  a p p a r a t u s ,  a b o u t  50 g  of  l a v a  must be  d i s s o l v e d  

f o r  a  radium a n a l y s i s .  

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

( S t e i n t h o r s s o n  ( 8 ) ) .  I n  a l k a l i  - o l i v i n e  b a s a l t s  i n  Japan  Heier  

and Rogers  ( 9 )  found a n  uranium c o n t e n t  of  0 , 4 8  + 20% ppm and 

0 , 5 7  2 13% ppm r e s p e c t i v e l y .  I f  a  r a d i o a c t i v e  e q u i l i b r i u m  between 

uranium and radium is  assumed t h i s  would cor respond  t o  a  radium 

c o n t e n t  of  0 , 1 6  * 10-12 - + 20% g/g and 0 , 1 9  . 10-l2 A 13% g/g 

r e s p e c t i v e l y .  

I n  a  r e v i e w  a r t i c l e  on t h e  r a d i o a c t i v i t y  o f  b a s i c  r o c k s  

H e i e r  and C a r t e r  (10)  found a n  a v e r a g e  v a l u e  f o r  t h e  uranium c o n t e n t  

o f  1 4  a n a l y s e s  o f  i s l a n d  b a s a l t s  from Hawai, Japan  and t h e  Mid 

A t l a n t i c  r i d g e  t o  be 0 , 4 6  ppm, which c o r r e s p o n d s  t o  a n  e q u i l i b r i u m  

v a l u e  of radium o f  0 , 1 6  10-l2 g/g. 

The upward l i m i t  f o r  t h e  radium c o n t e n t  of  t h e  S u r t s e y  l a v a  

g i v e n  above,  i s  c o n s i s t e n t  w i t h  t h i s  a v e r a g e  v a l u e .  

L i b e r a t i o n  o f  g a s  from magma. 

Before  t h e  r e s u l t s  above a r e  used f o r  e s t i m a t i n g  t h e  w a t e r  

c o n t e n t  o f  t h e  magma a  s h o r t  d i s c u s s i o n  o f  t h e  mechanism o f  t h e  

l i b e r a t i o n  o f  g a s  from magma i s  n e c e s s a r y .  A s  t h e  magma a s c e n d s  

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

magma may become o v e r s a t u r a t e d  f o r  some o f  i t s  g a s  components.  

Bubbles  of  g a s  w i l l  t h e n  be  c r e a t e d  i n  t h e  magma. I n  r a p i d l y  

a s c e n d i n g  magma g r e a t  o v e r s a t u r a t i o n  may occur  b e f o r e  any b u b b l e s  



a r e  formed. A f t e r  t h e  f o r m a t i o n  o f  b u b b l e s  e a c h  component of  t h e  

g a s  w i l l  s t r i v e  t o  e s t a b l i s h  a n  e q u i l i b r i u m  between t h e  l i q u i d  

and g a s ,  de te rmined  by i ts  s o l u b i l i t y  i n  t h e  magma. Because o f  t h e  

h i g h  v i s c o s i t y  o f  t h e  magma ( E i n a r s s o n  ( 1 1 ) )  t r a v e l  of  b u b b l e s  

r e l a t i v e  t o  t h e  magma i s  n e g l i g i b l e  and g a s  w i l l  t h e r e f o r e  n o t  

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

t h e  c r a t e r .  

The c o m p o s i t i o n  of  t h e  g a s  accumula t ing  under t h e  r o o f  of 

a  l a v a  l a k e  w i l l  be  t h e  same a s  i n  t h e  bubb les  and w i l l  depend on 

t h e  amount of e a c h  component i n i t i a l l y  d i s s o l v e d  i n  t h e  magma and 

t h e  s o l u b i l i t y  o f  t h e s e  components a t  abou t  1 1 0 0 ~ ~  and 1 atm 

p r e s s u r e .  

Water.  

The s o l u b i l i t y  of wa te r  i n  magma h a s  been thorough ly  

i n v e s t i g a t e d .  See  e .  g .  Goranson, ( 1 2 ) ,  K h i t a r o v  e t  a l .  (13)  and 

Hamilton e t  a l .  ( 1 4 ) .  

R u s s e l ,  (15)  and K u r k i j a n  e t  a l .  (16)  have obse rved  t h a t  a  

p l o t  o f  t h e  s o l u b i l i t y  (mol %) o f  wa te r  i n  mol ten  a l k a l i  s i l i c a t e s  

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

r e l a t i o n s h i p  i n  t h e  p r e s s u r e  r e g i o n  below one a tmosphere .  S i m i l a r  

p l o t s  of  t h e  d a t a  o b t a i n e d  by Hamilton e t  a l .  (14)  f o r  b a s a l t s  a t  

1 1 0 0 ~ ~  i n  t h e  r e g i o n  of  1000 - 6000 b a r s  p r e s s u r e  ( 1  kp/cm2 = 

0 . 9 8  b a r s )  show t h a t  t h e  s o l u b i l i t y  (mol %) is  l i n e r a r l y  r e l a t e d  

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

t h e  o r i g i n  and h a s  a  s l o p e  o f  0 . 3 3  (mole % / ( b a r s )  i). The s o l u -  

b i l i t y  i n  moles % v e r s u s  p r e s s u r e  i n  b a r s  i n  b a s a l t  a t  1 1 0 0 ~ ~  

w i l l  be e x p r e s s e d  by t h e  formula  

According t o  Hamilton e t  a l .  (14)  t h i s  s t r a i g h t  l i n e  

r e l a t i o n s h i p  between s o l u b i l i t y  and t h e  s q u a r e  r o o t  o f  p r e s s u r e  



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

i s  f i x e d  i n  t h e  l i q u i d  s t r u c t u r e  a s  hydroxyl  i o n s .  Accord ing ly ,  

e a c h  mole of  w a t e r  is v i s u a l i z e d  a s  e n t e r i n g  t h e  m e l t  i n  t h e  

f o l l o w i n g  manner: 

- - 
H20  g a s  + 0 mel t  = 2 OH- m e l t  

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

pH20  - gas] i f O - n ~ E l t ]  

T h e r e f o r e ,  a s  a  f i r s t  a p p r o x i m a t i o n ,  t h e  c o n c e n t r a t i o n  

( t h e  s o l u b i l i t y )  o f  OH- i n  t h e  mel t  a t  a  g i v e n  t e m p e r a t u r e  v a r i e s  

a s  t h e  s q u a r e  r o o t  s f  t h e  wa te r  p r e s s u r e .  

The e x p e r i m e n t a l  d a t a  of  Hamilton e t  a l .  (14)  do n o t  r e a c h  

below 1000 b a r s  p r e s s u r e ,  b u t  t h e  f a c t s  t h a t  t h e i r  e m p i r i c a l  

s t r a i g h t  l i n e  g o e s  th rough  o r i g o  and t h a t  t h i s  r e l a t i o n s h i p  has  

a l s o  been obse rved  f o r  p r e s s u r e s  below one a tmosphere ,  i n d i c a t e ,  

t h a t  e x t r a p o l a t i o n  of t h i s  l i n e  t o  lower p r e s s u r e s  w i l l  g i v e  u s  

a  good e s t i m a t e  f o r  t h e  s o l u b i l i t y  o f  w a t e r  i n  b a s a l t i c  magma a t  

? L ~ O O ~ C  down t o  p r e s s u r e s  of  abou t  one a tmosphere .  

I n  t h i s  way we o b t a i n  a  s o l u b i l i t y  of  3 . 3  mole % ( 1 . 1  w t  %) 
a t  100 b a r s  p r e s s u r e ,  1 , 0 5  mole % ( 0 . 3 5  w t  %) a t  1 0  b a r s  and 0 . 3 3  

mole % ( 0 . 1  w t  %) a t  1 b a r s  p r e s s u r e .  100 b a r s  p r e s s u r e  c o r r e s p o n d s  

a p p r o x i m a t e l y  t o  380 m. d e p t h  i n  magma. 

From t h e s e  r e s u l t s  we may deduce t h a t  magma, c o n t a i n i n g  l e s s  

t h a n  0 . 1  w t  % of  w a t e r ,  would never  s a t u r a t e  and no b u b b l e s  would 

b e  formed by S h e  w a t e r  vapor .  I f  i t  c o n t a i n s  0 . 3 5  w t  %, s a t u r a t i o n  

w i l l  occur  a t  a b o u t  40 rn d e p t h  and a b o u t  70% of  t h e  wa te r  w i l l  be 

e x p e l l e d  a t  t h e  s u r f a c e .  I f  t h e  wa te r  c o n t e n t  is  1 w t  % t h e  magma 

w i l l  s a t u r a t e  a t  350 m d e p t h  and 90% of  t h e  wa te r  vapor w i l l  be 

l i b e r a t e d .  S i n c e  t h e  magGa is r a p i d l y  a s c e n d i n g ,  bubb le  f o r m a t i o n  



may f i r s t  o c c u r  a f t e r  a  some d e g r e e  of  o v e r s a t u r a t i o n  b u t  once 

t h e  b u b b l e s  a r e  formed,  l i b e r a t i o n  of  t h e  wa te r  w i l l  r a p i d l y  

p roceed .  

Argon and r a d o n .  

I t  i s  w e l l  e s t a b l i s h e d  by t h e  workers  of  t h e  K - A r  - method 

t h a t  f r e s h  l a v a  c o n t a i n s  no d e t e c t a b l e  amount o f  a r g o n .  We may 

t h e r e f o r e  conc lude  t h a t  a rgon  has  a  n e g l i g i b l e  s o l u b i l i t y  i n  magma 

a t  1 atm p r e s s u r e  and 1 1 0 0 ~ ~ .  Radon is a n  i n e r t  g a s  l i k e  a r g o n  and 

t h e  on ly  d i f f e r e n c e  i n  t h e i r  s o l u b i l i t y  w i l l  be due t o  t h e i r  d i f f e r -  

e n t  a tomic  mass. The s o l u b i l i t y  of  r adon  under t h e s e  c i r c u m s t a n c e s  

is  t h e r e f o r e  l i k e l y  t o  be of  t h e  same o r d e r  a s  t h a t  of  a r g o n  and 

we may e x p e c t  p r 8 c t i c a l l y  a l l  r adon  i n  t h e  magma t o  be g i v e n  o f f  

i n t o  b u b b l e s  and l i b e r a t e d .  

Other  v o l a t i l e  components.  

The s o l u b i l i t y  o f  o t h e r  v o l a t i l e  components i n  magma i s  

l e s s  known. T h e i r  l i b e r a t i o n  w i l l  g r e a t l y  depend on t h e i r  d e g r e e  

o f  s a t u r a t i o n  i n  t h e  magma. The s o l u b i l i t y  o f  t h o s e  components ,  

which a p p r o x i m a t e l y  obey t h e  Henry ' s  law,  w i l l  d e c r e a s e  a p p r o x i -  

ma te ly  l i n e a r l y  w i t h  d e c r e a s i n g  p r e s s u r e .  I f  some o f  t h e s e  com- 

p o n e n t s  a r e  i n  s a t u r a t e d  s o l u t i o n  i n  t h e  magma a t  p r e s s u r e s  h i g h e r  

t h a n  1 0  b a r s ,  t h e y  w i l l  be  l i b e r a t e d  i n t o  b u b b l e s  t o  more t h a n  90% 

and t h u s  t h e i r  p r o p o r t i o n s  i n  t h e  sampled g a s  w i l l  be  a p p r o x i m a t e l y  

t h e  same a s  i n i t i a l l y  i n  t h e  magma. 

I f  t h e  s o l u b i l i t y  o f  t h e  components is p r o p o r t i o n a l  t o  t h e  

s q u a r e  r o o t  o f  t h e  p r e s s u r e  a s  f o r  w a t e r ,  s a t u r a t i o n  a t  100  b a r s  

p r e s s u r e  is n e c e s s a r y  f o r  a t t a i n i n g  90% l i b e r a t i o n .  

Other  components ,  which a r e  s o  r a r e  i n  t h e  magma t h a t  t h e y  

never  r e a c h  s a t u r a t e d  s o l u t i o n ,  i n  s p i t e  of  t h e  g r e a t l y  r educed  

s o l u b i l i t y  a t  lower  p r e s s u r e ,  w i l l  n o t  be l i b e r a t e d  i n  t h e  same 

p r o p o r t i o n s  a s  o t h e r  components.  



B a s a l t i c  magma is b e l i e v e d  t o  come f rom magma chambers  

below 3 0  km d e p t h  o r  p r e s s u r e s  above  8000 b a r s .  Gas components ,  

which  obey  t h e  s q u a r e  r o o t  l aw a s  w a t e r  and  do  n o t  r e a c h  s a t u r a t e d  

s o l u t i o n  o n  t h e i r  a s c e n t  w i t h  t h e  magma, w i l l  have  had a  c o n c e n t r a -  

t i o n  i n  t h e  magma chamber which  was l e s s  t h a n  1 /90  o f  t h e  s a t u r a t i o n  

v a l u e  a t  t h e s e  d e p t h s .  Components o b e y i n g  t h e  H e n r y ' s  law w i l l  have 

had a  c o n c e n t r a t i o n  l e s s  t h a n  1/8000 o f  t h e  s a t u r a t i o n  v a l u e .  

Ev idence  is l a c k i n g  f o r  e s t i m a t i n g , , i f  t h e s e  low c o n c e n t r a t i o n s  

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

Water c o n t e n t  o f  t h e  magma. 

A f t e r  t h e s e  c o n s i d e r a t i o n s  o f  t h e  l i b e r a t i o n  o f  g a s  f rom 

magma, w e  may now p r o c e e d  i n  o u r  a t t e m p t  t o  e s t i m a t e  t h e  w a t e r  

c o n t e n t  o f  t h e  magma w i t h  t h e  a i d  o f  r a d o n .  I n  t h e  magmatic g a s  

a t  S u r t s e y  e a c h  l i t e r  o f  v o l a t i l e  g a s e s  was accompanied  by a b o u t  

5  g  of  w a t e r  ( S i g v a l d a s o n  and  E l i s s o n  ( 4 ) )  and  c a r r i e d  a  r a d o n  

a c t i v i t y  o f  125  PC. T h i s  r a d o n  a c t i v i t y  i s  e q u a l  t o  t h a t  c o n t a i n e d  

i n  625  g  o f  magma, i f  w e  t a k e  a  r ad ium c o n t e n t  o f  0 . 2  10 - l2  g/g 

a s  a  p r o b a b l e  v a l u e  f o r  t h e  r ad ium c o n t e n t  o f  t h e  l a v a  i n  S u r t s e y .  

A s  a l r e a d y  d i s c u s s e d  above  p r a c t i c a l l y  a l l  r a d o n  w i l l  b e  

l i b e r a t e d  from t h e  magma. R e g a r d i n g  t h e  r a p i d  a s c e n t  o f  magma and  

t h e  g r e a t  f o r c e  o f  t h e  e s c a p i n g  g a s e s ,  w e  may assume t h a t  t h e  g a s  

is sampled  a  r e l a t i v e l y  s h o r t  t i m e  a f t e r  i ts  l i b e r a t i o n  f rom t h e  

magma and  t h e r e f o r e  t h e  d e c a y  o f  r a d o n  a f t e r  l i b e r a t i o n  is neg-  

l i g i b l e .  (Radon d e c a y s  w i t h  a n  h a l f  l i f e  o f  3 . 8  d a y s ) .  Thus  w e  

come t o  t h e  c o n c l u s i o n  t h a t  625  g  o f  magma have  l i b e r a t e d  125  pC 

o f  r a d o n .  A s  r a d o n  a n d  w a t e r  vapor  a r e  e q u a l l y  d i s t r i b u t e d  i n  t h e  

g a s ,  t h e  5  g  o f  w a t e r  w h i c h  accompanied 125  pC o f  r a d o n  must  a l s o  

have  been  l i b e r a t e d  f rom 625  g  of  magma. The magma h a s  t h e n  g i v e n  

o f f  0 . 8  w t  % o f  w a t e r .  The s o l u b i l i t y  o f  w a t e r  i n  t h e  b a s a l t i c  

magma a t  1 1 0 0 ~ ~  and  1 b a r  p r e s s u r e  was above  e ' s t ima ted  t o  b e  0 . 1  w t  

%. If t h i s  amount is  added  t o  t h a t  l i b e r a t e d ,  w e  o b t a i n  a  w a t e r  

c o n t e n t  o f  a b o u t  0 . 9  w t  % i n  t h e  magma. 



I t  must b e  emphas ized  t h a t  t h i s  r e s u l t  i s  s t i l l  u n c e r t a i n .  

The r ad ium c o n t e n t  u sed  i n  t h e  c a l c u l a t i o n s  above  was a n  a v e r a g e  

v a l u e  f o r  a l k a l i - o l i v i n e  b a s a l t s  and  n o t  t h e  a c t u a l  r ad ium c o n t e n t  

o f  t h e . S u r t s e y - l a v a ,  wh ich  is  n o t  known a t  p r e s e n t .  The method is  

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

magma a t  1 1 0 0 ~ ~  and  1 b a r s  p r e s s u r e .  A d i r e c t  measurement  o f  t h e  

s o l u b i l i t i e s  would g i v e  a  s o u n d e r  b a s i s .  

N e v e r t h e l e s s ,  t h e  r a d o n  method seems t o  b e  o f  v a l u e  f o r  

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

Comparison w i t h  e a r l i e r  o b s e r v a t i o n s .  

I t  would b e  i n t e r e s t i n g  t o  compare t h i s  r e s u l t  t o  t h e  f i n d i n g s  

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

e r u p t e d  magma seem t o  be s c a r c e .  

MacDonald, ( 1 7 )  h a s  e s t i m a t e d  t h e  c o n t e n t  o f  g a s  i n  t h e  

magma e r u p t e d  i n  t h e  Mauna Loa summit e r u p t i o n  o f  1940 .  The t o t a l  

v o l a t i l e  c o n t e n t  was found  t o  b e  a p p r o x i m a t e l y  1 w t  % of  t h e  l a v a  

e x t r u d e d  d u r i n g  t h e  f i r s t  few h o u r s  o f  t h e  e r u p t i o n  and  0 . 5  w t  % 
o f  t h e  l a v a  b e i n g  e x t r u d e d  a  week l a t e r .  The r e s u l t  was b a s e d  o n  

e s t i m a t e s  o f  t h e  amount o f  e r u p t e d  magma and  t h e  amount o f  g a s  

b e i n g  l i b e r a t e d .  A c c o r d i n g  t o  MacDonald ( 1 7 )  i t  is p r o b a b l e  t h a t  

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

was l e s s  t h a n  1 w t  %. 

E i n a r s s o n  ( 1 8 )  i n v e s t i g a t e d  t h e  p h y s i c a l  and  c h e m i c a l  

p r o p e r t i e s  o f  t h e  l a v a  e r u p t e d  by t h e  v o l c a n o  Hekla i n  1947-48. 

A c c o r d i n g  t o  h i s  o b s e r v a t i o n s  t h e  l a v a  a p p e a r e d  t r a n q u i l l y  f l o w i n g  

i n  t h e  c r a t e r  i n  a  spongy s t a t e  h a v i n g  a  s p e c i f i c  w e i g h t  o f  0 . 6  - 
0 . 8  and  s t i l l  r e t a i n i n g  p r a c t i c a l l y  a l l  i t s  g a s  c o n t e n t .  The w a t e r  

c o n t a i n e d  i n  t h e  v e s i c l e s  was less  t h a n  0 . 0 3  w t  % o f  t h e  l a v a  and  

a n a l y s e s  o f  t h e  l a v a  wh ich  gave  0 . 3 5  w t  % w a t e r  on  t h e  a v e r a g e  

t h e r e f o r e  showed p r a c t i c a l l y  t h e  whole  p r i m a r y  w a t e r  c o n t e n t  o f  

t h e  magma a t  g r e a t  d e p t h s .  Bombs and  pumice th rown o u t  a t  t h e  

b e g i n n i n g  o f  t h e  e r u p t i o n  had p r a c t i c a l l y  t h e  same s p e c i f i c  w e i g h t  



and  t h e  same w a t e r  c o n t e n t  a s  t h e  t r a n q u i l l y  f l o w i n g  l a v a .  

E i n a r s s o n  ( 1 8 )  h a s  i n v e s t i g a t e d  s c o r i a e  a t  many v o l c a n i c  

c e n t e r s  i n  I c e l a n d  and  found them t o  be  o f  t h e  spongy t y p e  a n d  

s i m i l a r  i n  d e n s i t y  t o  t h e  Hekla m a t e r i a l .  I n  h i s  o p i n i o n  t h i s  i n d i -  

c a t e s  t h a t  a s  a  r u l e  t h e  l a v a  became o v e r s a t u r a t e d  w i t h  g a s e s  

( w a t e r )  o n l y  j u s t  b e f o r e  it r e a c h e d  t h e  s u r f a c e ,  and  t h a t  t h e r e f o r e  

t h e  w a t e r  c o n t e n t  o f  magma is  a s  a  r u l e  q u i t e  i n s i g n i f i c a n t ,  0 . 5  

w t  % o r  l e s s .  

Fr iedman (19)  h a s  measured  t h e  w a t e r  c o n t e n t  o f  a  s e r i e s  

o f  b a s a l t i c  pumice and  l a v a  s a m p l e s  c o l l e c t e d  d u r i n g  t h e  1959- 

1960  summit a n d  f l a n k  e r u p t i o n s  o f  K i l a u e a  v o l c a n o ,  Hawaii .  Samples  

o f  f i n e l y  v e s i c u l a r  pumices  o f  d e n s i t y - 0 . 3  g /cc  f rom t h e  summit 

e r u p t i o n  o f  K i l a u e a  I k i  were  found  t o  c o n t a i n  0 . 0 6 4  t o  0 .099% H z 0  

by w e i g h t ,  b u t  s i m i l a r  s a m p l e s  f rom t h e  Kapoho f l a n k  e r u p t i o n  had 

w a t e r  c o n t e n t s  o f  0 . 0 8 6  t o  0 . 1 0 4  w t  % H20. 

F r i edman  ( 1 9 )  b e l i e v e s  t h a t  t h e  w a t e r  e x t r a c t e d  f rom t h e  

f i n e l y  v e s i c u l a r  g l a s s y  pumices  r e p r e s e n t s  t h e  w a t e r  p r e s e n t  i n  

t h e  magma j u s t  p r i o r  t o  e r u p t i o n .  E r r o r s  due  t o  u p t a k e  o f  a d d i t i o n a l  

w a t e r  f rom t h e  s u r r o u n d i n g s  were minimized  by ( 1 )  a  s k i n  o f  non- 

v e s i c u l a r  l a v a  o n  t h e  s u r f a c e  o f  t h e  pumice lumps ,  ( 2 )  r a p i d  

c o l l e c t i o n  o f  t h e  m a t e r i a l  s h o r t l y  a f t e r  e r u p t i o n ,  and  ( 3 )  t h e  

s e l e c t i o n  o f  l a r g e  p i e c e s  o f  pumice f o r  a n a l y s i s .  

Samples  o f  c o a r s e l y  v e s i c u l a r  pumice and  l a v a s  and  a l s o  

c r y s t a l l i z e d  l a v a s  were a l s o  a n a l y z e d ;  however ,  t h e  r e s u l t s  

o b t a i n e d  ( o n  t h e s e  s a m p l e s )  v a r i e d  w i d e l y  f rom r e p l i c a t e  t o  

r e p l i c a t e .  

A c c o r d i n g  t o  Friedman 0 9 )  i t  is  e b i d e n t  t h a t  d u r i n g  t h e  

e r u p t i o n  o f  t h e s e  m a t e r i a l s ,  w a t e r  was l o s t  f rom t h e  l a r g e  open  

v e s i c l e s .  I n  a d d i t i o n  v a r y i n g  amounts  o f  w a t e r  were  l o s t  d u r i n g  

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

I t  is i n t e r e s t i n g  t o  n o t e  t h a t  t h e  w a t e r  c o n t e n t  o f  t h e  

Hawai ian  pumices  found  by Fr iedman . ( l 9 )  is v e r y  s i m i l a r  t o  t h e  



s a t u r a t i o n  v a l u e  o f  0 . 1  w t  %, which we found by e x t r a p o l a t i n g  t h e  

d a t a  o f  Hamilton e t  a l .  (14)  down t o  1 bar  p r e s s u r e .  On t h e  o t h e r  

hand E i n a r s s o n  (18)  found a  wa te r  c o n t e n t  of 0 . 3 5  w t  % i n  t h e  Hekla 

l a v a .  S i m i l a r  r e s u l t s  have been o b t a i n e d  by T o l s t i k h i n  (20)  f o r  t h e  

wa te r  c o n t e n t  o f  t h e  Q u a r t e r n a r y  e f f u s i v e s  of Kamchatka and t h e  

K u r i l e  I s l a n d s ,  e s t i m a t e d  from 265 r o c k  a n a l y s e s .  The a v e r a g e  wa te r  

c o n t e n t  i n  b a s i c  and i n t e r m e d i a t e  r o c k s  was found t o  be 0 . 4 0  w t  %, 
r a n g i n g  from 0 . 1  w t  % t o  3 w t  %. 



TABLE I 

Radon a c t i v i t y  i n  magmatic gas  a t  Sur t sey  

A c t i v i t y  of 
radon i n  l i t e r  
of magmatic gas  
( c o r r e c t e d  for 
atm. c o n t . )  

P C / ~  

40-160 

136 + 5% - 
119 + 5% - 
120 + 5% - 

Atmospheric 
contaminat ion 
of sample 

9 0% 

90-95% 

n i l .  

n i l .  

n i l .  

Sample of g a s  

25.  Nov. 1964 

Sample 1 

18 .  Jan.  1965 

Sample 2 

Sample 3 

21.  Feb. 1965 

Sample 5 

Sample 7 

Sample 8 

Volume of 
sample 

m l  

250 

250 

250 

189 

2 08 

2 06 

A c t i v i t y  of  
radon i n  
l i t e r  of 
sample 

P C / ~  

12 + 25% - 

6 + 40% - 
n i l .  

136 + 5% - 
119 + 5% - 
120 + 5% - 
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0. N .  T o l s t i k h i n :  Amount o f  j u v e n i l e  w a t e r  l i b e r a t e d  d u r i n g  

f o r m a t i o n ~ o f  e f f u s i v e  r o c k s .  Geochemistry 

( E n g l i s h  t r a n s l a t i o n ) ,  No. 11, pp. 1119-1124, 1961 



Measurements  o f  t h e  D/H-rat io  i n  hydrogen  and  

w a t e r  vapour  c o l l e c t e d  o n  t h e  v o l c a n i c  i s l a n d  

S u r t s e y  d u r i n g  t h e  y e a r  1965 ( c o n t i n u e d )  

by 
B r a g i  Arnason  

U n i v e r s i t y  o f  I c e l a n d ,  P h y s i c a l  L a b o r a t o r y  
R e y k j a v i k ,  I c e l a n d  

D u r i n g  t h e  y e a r  1965  c o l l e c t i o n  o f  g a s  i n  S u r t s e y  was 

c o n t i n u e d .  More t r i p s  were  made t o  t h e  i s l a n d ,  b u t  i n  o n l y  o n e  

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

magmatic  g a s e s .  T h i s  was a t  F e b r u a r y  2 1 s t .  On t h a t  day i t  was 

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

e r u p t i o n  v e n t .  Some s m a l l  g a s  ch imneys  were f o u n d .  The ch imneys  

were s i m i l a r  t o  t h a t  found  on Oc tobe r  1 5 t h  1964  and  d e s c r i b e d  
11 i n  a n  e a r l i e r  r e p o r t  

We s t a r t e d  t o  c o l l e c t  g a s  s a m p l e s  f rom a  chimney a p p r o x .  

1 0 0  c m  i n  d i a m e t e r .  A f t e r  c o l l e c t i n g  t h e  f i r s t  s a m p l e ,  t h e  

b e h a v i o u r  o f  t h e  g a s  f l u x  began  t o  change  and  a f t e r  t h e  t h i r d  

s ample  had been  o b t a i n e d  i t  was o b v i o u s  t h a t  t h e  g a s  was now 

mixed w i t h  a t m o s p h e r i c  a i r .  

Then a new chimney was s o u g h t  and  f o u n d .  T h i s  chimney 

was o n l y  5-10 c m  i n  d i a m e t e r .  Another  f i v e  w a t e r  s a m p l e s  and  two 

g a s  s a m p l e s  were c o l l e c t e d  from t h e  second  ch imney.  

The method o f  c o l l e c t i o n  and  a n a l y s i s  is t h e  same a s  

d e s c r i b e d  i n  t h e  p r e v i o u s  r e p o r t .  

The r e s u l t s  a r e  e x p r e s s e d  a s  d e u t e r i u m  d e p l e t i o n  (nega-  

t i v e  $ v a l u e )  r e l a t i v e  t o  SMOW ( S t a n d a r d  Mean Ocean W a t e r ,  

h a v i n g  D/H-ra t io  o f  a b o u t  158  1 0 - ~ 9 ~ ) .  

+ The a c c u r a c y  is w i t h i n  - 0 . 1  p e r c e n t  f o r  t h e  w a t e r  a n a -  

l y s i s  and  * 0 . 2  p e r c e n t  f o r  t h e  g a s  a n a l y s i s .  



The r e s u l t s  a r e  l i s t e d  i n  Tab. 1. 

Two o f  t h e  a n a l y s e s  on hydrogen g a s ,  sample no. 6 and 8 ,  

show a l m o s t  t h e  same r e s u l t  a s  t h e  p r e v i o u s  one from October  1 5 t h  

1964. Gas sample no. 2 is approx .  4 p e r c e n t  h i g h e r .  T h i s  sample 

is  though t  t o  be  contaminated  w i t h  a  s m a l l  q u a n t i t y  of atmos- 

p h e r i c  a i r .  The a n a l y s e s  o f  t h e  wa te r  samples  a r e  i n  good a g r e e -  

ment w i t h  t h e  d a t a  o b t a i n e d  on October  1 5 t h  and November 2 5 t h  1964.  

According t o  Sigva l d a s o n  and ~ l i s s o n ~ )  t h e  g a s  c o n t a i n e d  

8 6 . 1 6  p e r c e n t  w a t e r  vapour and 4 . 7 2  p e r c e n t  hydrogen.  Using t h i s  

d a t a  f o r  sample no. 6 and 8 t h e  S - v a l u e  f o r  t h e  t o t a l  hydrogen 

excap ing  from t h e  magma i s  c a l c u l a t e d  and l i s t e d  i n  column 4 .  

T a b l e ,  1. Measurements on t h e  D/H-ratio i n  hydrogen and w a t e r  

vapour c o l l e c t e d  i n  S u r t s e y  on February  2 1 s t  1965.  

Sample no. Water 
% 5 

Tota 1 hydrogen 
% & 
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The S u r  t s e v  E r u p t  i o n  

Cour se  o f  e v e n t s  and t h e  deve lopment  o f  

S u r t s e v  and  o t h e r  new i s l a n d s  
- -- - - - - 

by 
S i g u r d u r  T h o r a r  i n s s o n  

Museum o f  N a t u r a l  H i s t o r y  
R e y k j a v i k ,  I c e l a n d  

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

A s  s t a t e d  i n  my f o r m e r  r e p o r t  (SRPR I ,  pp .  51-55) my main 

c o n t r i b u t i o n  t o  t h e  r e s e a r c h  work c o n n e c t e d  w i t h  t h e  S u r t s e y  

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

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

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

A s  b e f o r e  I have  e n j o y e d  t h e  h e l p f u l n e s s  o f  t h e  D i r e c t o r  

o f  t h e  C o a s t  Guard S e r v i c e ,  P g t u r  S i g u r d s s s n ,  and t h e  D i r e c t o r  

G e n e r a l  o f  A v i a t i o n ,  Agnar Kofoed Hansen,  when I needed  a  t r i p  

t o  t h e  e r u p t i o n  a r e a .  

S i n c e  my f i r s t  ~ e p o r t  was w r i t t e n  I have  made n e a r l y  40 

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

e l e v e n  t i m e s .  A s  t o  t h e  c o u r s e  o f  e v e n t s  I have  r e c e i v e d  much 

v a l u a b l e  i n f o r m a t i o n  f rom t h e  p i l o t  S i g u r ~ 6 n  E i n a r s s o n ,  who h a s  

b e e n  o v e r  S u r t s e y  2 0 0  t i m e s  s i n c e  t h e  e r u p t i o n  s t a r t e d .  Ano the r  

p i l o t  who h a s  g i v e n  m e  a  l o t  o f  i n f o r m a t i o n  is  B j o r n  P g l s s o n .  

The two men work ing  i n  t h e  c o n t r o l  tower  o f  t h e  Ves tmannaey ja r  

a i r f i e l d ,  B j a r n i  H e r j B l f s s o n  and  SkarphGBinn Vi lmundar son ,  have  

o n  my r e q u e s t  k e p t  a  d i a r y  a b o u t  t h e  b e h a v i o r  o f  t h e  e r u p t i o n .  

Aer i a  1 mapping.  

Us ing  t h e  C o a s t  Guard S e r v i c e ' s  a i r c r a f t  S I F ,  t h e  Ice- 

l a n d i c  Su rvey  Depa r tmen t  h a s  a e r i a l p h o t o g r a p h e d  S u r t s e y  and  

a d j a c e n t  a r e a s  n i n e  t i m e s ,  v i z . :  F e b r .  1 7 ,  1964;  A p r i l  11, 1964;  

J u n e  1 6 ,  1964;  Aug. 2 5 ;  1 9 6 4 ;  Dec. 1 5 ,  1964;  F e b r .  2 3 ,  1965;  



A p r i l  2 1 ,  1965; Aug. 2 4 ,  1965;  Febr .  6 ,  1966.  The maps h e r e  

r eproduced  a r e  based on  t h e s e  a e r i a l  pho tos  and on a  t r i g o n o -  

m e t r i c  s u r v e y  c a r r i e d  o u t  i n  S u r t s e y  by t h e  Survey Department 

d u r i n g  t h e  summer o f  1965.  

Course o f  e v e n t s .  

When I w r o t e  my p r e v i o u s  r e p o r t  i n  l a t e  February  1965,  

t h e  e f f u s i o n  a c t i v i t y  was s t i l l  go ing  on i n  S u r t s e y .  I t  c o n t i n u e d  

u n t i l  t h e  middle  o f  May 1965.  Lava was f o r  the  l a s t  t i m e  s e e n  

f l o w i n g  i n  S u r t s e y  May 1 7 .  The t o t a l  a r e a  o f  t h e  l a v a  f low above 

s e a  l e v e l  was t h e n  1.53 km2 and t h e  a r e a  o f  S u r t s e y  2 . 4 5  km2. 

The h e i g h t  of  t h e  l a v a  dome was t h e n  p r a c t i c a l l y  t h e  same a s  it 

had been O c t .  2 3 ,  1964,  t h e  dome proper  100 m h i g h  and t h e  h i g h e s t  

p o i n t  o f  t h e  c r a t e r  r i m  118 m .  The t o t a l  volume o f  l a v a ,  i n c l u d i n g  

i t s  submarine  p a r t ,  c o n s i s t i n g  t o  a  g r e a t  e x t e n t  of  h y a A o c l a s t i t e s  

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

r o u g h l y  e s t i m a t e d  a s  we s t i l l  l a c k  b a t h y m e t r i c  maps. A l i k e l y  
3  e s t i m a t e  is  250 a  300 m i l l i o n  m , c o r r e s p o n d i n g  t o  a n  a v e r a g e  

volume i n c r e a s e  o f  7  a  8 m3/sec. d u r i n g  t h e  13 112 months of  

e f f u s i v e  a c t i v i t y .  Al though v a r y i n g  c o n s i d e r a b l y  from day t o  

day t h e  l a v a  f low on t h e  whole g r a d u a l l y  d imin i shed  th roughou t  

t h e  w i n t e r  of  1964/65. Dur ing t h e  l a s t  months o f  e f f u s i v e  

a c t i v i t y  t h e  a v e r a g e  f l o w  h a r d l y  exceeded 3  m3/sec. 

The S y r t l i n g u r  p h a s e .  

No sooner  had t h e  a c t i v i t y  i n  S u r t s e y  come t o  a n  end t h a n  

t h e r e  were s i g n s  o f  submar ine  a c t i v i t y  0 . 6  km ENE o f  t h e  i s l a n d .  

May 22 ( p o s s i b l y  a l r e a d y  May 1 1 )  vapour was s e e n  r i s i n g  from 

t h i s  p l a c e .  May 28  t h e  submar ine  cone ,  which was i n  p r o g r e s s  

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

seemed t o  c o n s i s t  of  l a v a  lumps and n o t  o f  s c o r i a  and l a p i l l .  

June  6  t h e  i s l a n d  was 16  m h i g h ,  i ts  diam. 170 m .  T h i s  i s l a n d  

was washed away t h e  f o l l o w i n g  d a y s ,  b u t  became v i s i b l e  a g a i n  



J u n e  1 4 .  J u n e  16  i t s  h e i g h t  was 3 7  m and  i ts  max. diam.  1 9 0  m .  
2 Aug. 2 4  i ts  h e i g h t  was 45 m ,  max. diam.  420 m and  i ts  a r e a  0 . 0 8  km . 

S e p t .  1 5  i ts  h e i g h t  was 6 7  m ,  max. d iam.  a b o u t  650  m ,  and  i t s  

a r e a  a b o u t  0 . 1 5  km2. Two d a y s  l a t e r  i t s  h e i g h t  p r o b a b l y  exceeded  

70  m ,  b u t  f rom t h e n  on  t h e  d e s t r u c t i v e  f o r c e s ,  m a i n l y  t h e  m a r i n e  

a b r a s i o n  began  t o  g e t  t h e  b e t t e r  o f  t h e  c o n s t r u c t i v e  o n e s .  The 

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

t h e  v o l c a n o  was l a s t  s e e n  i n  a c t i o n  O c t .  1 7 ,  b u t  a f t e r  a  v e r y  

s to rmy  week i t  had c o m p l e t e l y  d i s a p p e a r e d  O c t .  2 4 ,  a n d  no a c t i v i t y  

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

The i s l a n d  n e v e r  g o t  a n  o f f i c i a l  name, b u t  i t  was p o p u l a r l y  

c a l l e d  S y r t l i n g u r ,  t h a t  i s  l i t t l e  S u r t u r .  I t s  a c t i v i t y  was 

s t r i k i n g l y  s i m i l a r  t o  t h a t  o f  S u r t s e y  d u r i n g  its e x p l o s i v e  

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

e x p l o s i o n s  a l t e r n a t i n g  i r r e g u l a r l y  w i t h  c o n t i n u o u s  u p r u s h .  F i g .  1 

shows a  t y p i c a l  a c t i v i t y  i n  S y r t l i n g u r .  D u r i n g  t h e  most  p o w e r f u l  

u p r u s h  paroxysms t h e  t e p h r a  co lumns  r e a c h e d  a b o u t  700 m h e i g h t .  

Tephra  was s p r e a d  a l l  a r o u n d .  When t h e  a c t i v i t y  o f  S y r t l i n g u r  

ended  t h e  t h i c k n e s s  o f  t h e  t e p h r a l a y e r  on  t h e  n o r t h e a s t e r n m o s t  

p a r t  o f  S u r t s e y  was 3 . 5  m ,  b u t  on  the  s o u t h w e s t e r n m o s t  p a r t  o f  

t h e  l a v a  f l o w  i t  was o n l y  2  c m .  The t o t a l  volume o f  t e p h r a  p r o -  

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

i s  o f  t h e  o r d e r  o f  50 m i l l .  m3, c o r r e s p o n d i n g  t o  a n  a v e r a g e  p r o -  

d u c t i o n  o f  4  m3/sec. d u r i n g  t h e  5  months  i ts  a c t i v i t y  l a s t e d .  T h i s  

is r o u g h l y  one  t e n t h  o f  t h e  p r o d u c t i v i t y  o f  S u r t s e y  d u r i n g  i t s  

f i r s t  mon ths .  

A c t i v i t y  SW o f  S u r t s e y .  

On Dec. 2 6 ,  1 9 6 5 ,  s u b m a r i n e  v o l c a n i c  a c t i v i t y  was f o r  t h e  

f i r s t  t i m e  o b s e r v e d  a b o u t  h a l f  a  n a u t .  m i l e  SW of  S u r t s e y .  The 

r i d g e  t h a t  was p i l e d  up  t h e r e  p r o t r u d e d  t h e  s e a  s u r f a c e  f o r  t h e  

f i r s t  t i m e  Dec. 2 8 ,  a n d  s i n c e  t h e n  a  s m a l l  i s l a n d  h a s  r e p e a t e d l y  

d i s a p p e a r e d  and  r e a p p e a r e d .  I t  h a s  r e a c h e d  a  max. h e i g h t  o f  



a b o u t  40  m and  a  max. l e n g t h  o f  250  m .  I ts  a c t i v i t y  was o f  t h e  

same t y p e  a s  S y r t l i n g u r ,  b u t  was o n  a  s t i l l  s m a l l e r  s c a l e .  The 

max, h e i g h t  o f  t eph ra -co lumns  o b s e r v e d  was a b o u t  250  m .  F e b r .  2 4 ,  

when t h i s  is  w r i t t e n ,  t h e  e r u p t i o n  i s  s t i l l  g o i n g  o n .  

The t o t a l  volume o f  t e p h r a  and l a v a  p roduced  by t h e  two 

S u r t u r  v e n t s  a n d , o t h e r  v e n t s  t h a t  have  been  a c t i v e  i n  t h e  a d j a c e n t  

a r e a  h a s  now exceeded  0 . 8  km3* The e r u p t i o n  is now t h e  s e c o n d  

l a r g e s t  r e c o r d e d  i n  I c e l a n d  s i n c e  t h e  s e t t l e m e n t  1100  y e a r s  a g o ,  

o n l y  t h e  "Mfvatn F i r e s q '  1725-1729 d i d  l a s t  l o n g e r .  

The S u r t s e y  a c t i v i t y  h a s  s h i f t e d  a t  l e a s t  f o u r  t i m e s  t o  a  

new v e n t  ( f i s s u r e ) .  The d i s t a n c e  be tween  t h e  ME-most and  SW-most 

o f  t h e s e  v e n t s  is 5  k m ,  d i r e c t i o n  ~ 6 5 ~ ~  - s ~ ~ O W ,  w h e r e a s  t h e  

i n d i v i d u a l  f i s s u r e s  seem t o  r u n  scout ~ 2 5 ~ ~  - ~ 2 5 ~ ~  and  t h e  

s y s t e m  o f  e r u p t i o n  f i s s u r e  t h u s  seems t o  b e  a r r a n g e d  e n  6 c h e l o n .  

Area  c h a n g e s  o f  S u r t s e y .  

The m a p , F i g .  3 ,  worked o u t  by t h e  I c e l a n d i c  Su rvey  D e p a r t -  

m e n t ,  shows t h e  o u t l i n e s  o f  S u r t s e y  a t  v a r i o u s  t i m e ; .  T a b l e  I i s  

based  on t h i s  map and  on measurements  o f  t h e  d i a m e t e r  a n d  h e i g h t  
4 

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

a n d  supp lemen ted  by my p h o t o s .  The f i g u r e s  b e f o r e  F e b r .  1 7 ,  1964 ,  

c a n n o t  be r e g a r d e d  a s  a c c u r a t e .  The f i g u r e s  w i t h i n  b r a c k e t s  a r e  

b a s e d  on  t h e  knowledge t h a t  t h e r e  was p r a c t i c a l l y  no  change  o f  

t h e  a r e a  o f  S u r t s e y  a n d  i t s  l a v a  f l o w  be tween  t h e  end  b f  A p r i l  

a n d  J u l y  9 ,  1 9 6 4 ,  and  be tween  May 1 7  and  Aug, 2 4 ,  1965 .  

The d i a g r a m ,  F i g .  4 ,  is b a s e d  o n  T a b l e  I and  o n  measu re -  

m e n t s  o f  t h e  h e i g h t  o f  S u r t s e y  c a r r i e d  o u t  many t i m e s .  

S t u d i e s  on S u r t s e y .  

C o n t i n u e d  s t u d i e s  o f  t h e  l a v a  f l o w  when i t  e n t e r e d  t h e  

s e a  s t r e n g t h e n e d  t h e  w r i t e r 9 s  i m p r e s s i o n  o f  t h e  r a p i d  f o r m a t i o n  



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

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

f l o w .  The s i m i l a r i t y  b e t w e e n . S u r t s e y  and  t h e  g l a c i a l  t a b l e -  
6 

m o u n t a i n s  o f  I c e l a n d  and t h e  t u y a s  o f  B r i t i s h  Columbia is  

o b v i o u s .  The ma in  d i f f e r e n c e  seems t o  fie t b a t  S u r t s e y  was b u i l t  

up  i n  a n  o p e n  and  o f t e n  s t o r m y  s e a  wh ich  f o r  rn0nth.s was con-. 

s t a n t l y  b r e a k i n g  t h r o u g h  the '  c r a t e r  r i n g  and  f l o o d i n g  t h e  v e n t  

and  t h e r e b y  prol,onging t h e  p h r e a t i c  e x p l o s i v e  a c t i v i t y  o f  t h e  

v o l c a n o ,  'whereak t h e  t ab l , emoun ta ins  were p i l e d  up i n  ca lm w a t e r .  

Co 'nsequent ly  a i r b o r n e '  p p o c l a s t i c s  ( t e p h r a )  a r e  l i k e l y  t o  con-  

s t i t u t e  a  p r o p o r t i o n a t e l y  much g r e a t e r  p a r t  o f  o c e a n i c  t a b l e -  

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

My g e o m o r p h o l o g i c a l  s t u d i e s  i n  S u r t s e y  d u r i n g  t h e  summer 

o f  1965  were  s i m i l a r  t o  t h o s e  c a r r i e d  o u t  b e f o r e ,  v i z .  s t u d i e s  

o f  t h e  i n c r e a s g n g  roundn.ess o f  b l d c k s  and  g r a v e l s ,  s t u d i e s  o f  

t h e  c h a n g i n g  p r o f i l e s  *of .the l a v a  s h o r e  e t c .  The t h i c k n e s s  o f  . I 

. t h e  t e p h r a  l a y e r  f rom S y r t l i n g u r * w a s  measured  s e v e r a l  t imes a l l  

o i e r  t h e  i s l a n d . .  The m a t e r i a l  .has  n o t  y e t  b e e n  worked o u t  i n  any  

d e t a i l .  



Text  o f  f i g u r e s  

F i g .  1. T y p i c a l  e x p l o s i v e  ( p h r e a t i c )  a c t i v i t y  i n  S y r t l i n g u r .  

1. Smal l .  2 .  Medium s i ze .  3 .  Big  e x p l o s i o n s .  4. Nearly 

c o n t i n u o u s  u p r u s h .  5. Cont inuous  uprush .  6 .  No obse rva -  

t i o n s .  

F i g .  2 .  S u r t s e y  and S y r t l i n g u r  Aug. 24 ,  1965. Shaded: Lava 

covered  a r e a .  The I c e l a n d i c  Survey Department .  

F i g .  3 .  The chang ing  o u t l i n e s  o f  S u r t s e y  a c c o r d i n g  t o  a e r i a l  

p h o t o g r a p h i c  mapping by t h e  I c e l a n d i c  Survey Department .  

F i g .  4. Diagram showing t h e  a r e a  i n c r e a s e  of  S u r t s e y  and i ts  

l a v a  f low and t h e  i n c r e a s i n g  h e i g h t  of  t h e  i s l a n d .  



Fig .  1 



Fig .  2 





Fig .  4 
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Sect ions ,  somewhat  schemat ized ,  i l lus t ra t ing  the development of 
Sur t sey .  I. Nov.  15, 1963 ; I I. Feb r .  5, 1964;  I I I. End of March ,  
1964;  IV.  A p r i l  4, 1964;  V. Aug. 25, 1964. 



TABLE I 

Area c h a n g e s  o f  S u r t s e y  and  i ts  l a v a  flow i n  h e c t a r e s .  

I n c r e a s e  I n c r e a s e  Lava I n c r e a s e  I n c r e a s e  a r e a  
ha ha haJday ha ha ha/day 

1963: 15. n6v.  0 

16. " 8 

20. " 40 

1. d e s .  37 

7. " 60 

1964:31. j a n .  90 

17. f e b .  102 

4. a p r .  115 

11. " 133 

30. " (137) 

16. j 6 n i  137 

9. j 6 l i  (137) 

25. a'g. 182 

23. o k t .  196 

15. d e s .  213 

1965:23. f e b .  234 

24. a p r .  236 

17. mai (245) 

24. a'g. 245 



A C o n t r i b u t i o n  t o  t h e  Morphology o f  S u r t s e y  

by 
Gudmundur K j  a r  t a n s s o n  

Museum of  N a t u r a l  H i s t o r y  
R e y k j a v i k ,  I c e l a n d  

T h e ' c o n ~ l u s i o n s  o u t l i n e d  i n  t h e  f o l l o w i n g  a r e  f o r  t h e  most 

p a r t  based on f i e l d - s t u d i e s  made d u r i n g  many y e a r s  b e f o r e  t h e  

b e g i n n i n g  of t h e  S u r t s e y  e r u p t i o n ,  and a l s o  i n  my r e g r e t t a b l y  

few v i s i t s  t o  S u r t s e y  i n  t h e  t ime  i n t e r v a l  November 1963 t o  

December 1964. These v i s i t s  coun t  o n l y  t h r e e  l a n d i n g s  f o r  s e v e r a l  

hours  on t h e  is l a n d ,  e i g h t  voyages a l o n g  its c o a s t s ,  and f i v e  

f l i g h t s  over  i t .  The most p a r t  of  t h e s e  v i s i t s  were made p o s s i b l e  

by t h e  c o u r t e s y  of  t h e  I c e l a n d i c  Coas t  Guard p r i m a r i l y ,  and a l s o  

t h e  C i v i l  A v i a t i o n  A d m i n i s t r a t i o n  and t h e  I c e l a n d i c  Survey Depar t -  

ment .  For o t h e r  v i s i t s  P have p a i d  t h e  expenses  m y s e l f .  A l l  l a s t  

y e a r ,  1965,  I was impeded from f i e l d w o r k  i n  S u r t s e y  by bad h e a l t h .  

My view,  o u t l i n e d  below,  t h a t  morpho log ica l  f e a t u r e s  of 

S u r t s e y  a r e  a n a l o g o u s  w i t h  t h o s e  of  a  c e r t a i n  t y p e  of  P l e i s t o c e n e  

v o l c a n o e s  i n  I c e l a n d  ( t h e  v q s t a p i s q v  o r  t a b l e m o u n t a i n s )  was advanced 

i n  a  l e c t u r e ,  "S tapakenn ing in  og S u r t s e y " ,  a t  a n  o r d i n a r y  mee t ing  

i n  t h e  S o c i e t a s  S c i e n t i a r u m  I s l a n d i c a ,  on November 2 5 t h ,  1965.  

With a  l i t t l e  a d d i t i o n  t h i s  l e c t u r e  was p r e p a r e d  t o  a p p e a r  a s  a n  

a r t i c l e  i n  Na'ttGrufraedingurinn, 4 t h  i s s u e ,  1965,  b u t  i t  h a s  t o  

w a i t  t i l l  t h e  n e x t  i s s u e ,  t h e  1st o f  1966.  A s  t h i s  a r t d c l e  ( 2 4  

t y p e w r i t t e n  pages )  i s  w r i t t e n  i n  I c e l a n d i c  i t  d o e s  n o t  f i t  i n t o  

t h e  p r e s e n t  "Repor tsv ' .  What f o l l o w s  is o n l y  t h e  Summary i n  

E n g l i s h  and most of t h e  p i c t u r e s  of  t h e  s t i l l  unpub l i shed  a r t i c l e :  

A Comparison o f  Tab lemounta ins  i n  I c e l a n d  and t h e  Volcan ic  I s l a n d  

o f  S u r t s e y  o f f  t h e  Sou th  Coas t  of I c e l a n d .  



Terms l i k e  I n s e l b e r g e ,  t a b l e m o u n t a i n s  and s e v e r a l  o t h e r s  

have been s u g g e s t e d  by f o r e i g n  e x p l o r e r s  f o r  a  s p e c i a l  t y p e  of 

v o l c a n i c  mounta ins  i n  I c e l a n d .  I n  I c e l a n d i c  t h e y  a r e  c a l l e d  

s t a p a r  ( s i n g .  s t a p i ) .  These a r e  i s o l a t e d  mounta ins  w i t h  s t e e p  

s i d e s  and f l a t  o r  g e n t l y  convex t o p s .  Near t h e  b a s e ,  and u s u a l l y  

up t o  a  l e v e l  above t h e  midd le  of t h e i r  s i d e s ,  t h e  s t a p i s  c o n s i s t  

of  m6berg ( i . e .  b a s a l t i c  h y a l o c l a s t i c  and more o r  l e s s  p a l a -  

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

edges  is made up of  l ava  f l o w s .  A l l  t h e s e  r o c k s  a r e  of  L a t e  

P l e i s t o c e n e  a g e .  

I n  t h e  f i r s t  decades  o f  t h i s  c e n t u r y  i t  was d e b a t e d  by 

geornorphologis ts ,  most ly  Germans, whether  t h e s e  v o l c a n o e s  owed 

t h e i r  p e c u l i a r  shape  t o  e r o s i o n  o r  t o  t e c t o n i c  f o r c e s ,  i . e .  

whether  t h e y  were Zeugenberge o r  Hors te .  The l a t t e r  view ga ined  

ground a s  t i m e  went o n ,  w i t h o u t  b e i n g  p roved ,  however, i n  t h e  

c a s e  of any s i n g l e  s t a p i ,  I n  1943,  a f t e r  s t u d y i n g  some s t a p i s  

i n  South-western  I c e l a n d ,  t h e  p r e s e n t  w r i t e r  p o i n t e d  o u t  a  t h i r d  

p o s s i b i l i t y ;  t h e  t h e  s t a p i s  were p i l e d  up by s u b g l a c i a l  e r u p t i o n s .  

According t o  t h i s  h y p o t h e s i s  t h e  m6berg and t h e  p i l l o w - l a v a  

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

m e l t  w a t e r ,  whereas  t h e  normal f lows  of l a v a  on t h e  t o p  were 

e x t r u d e d  s u b a e r i a l l y  when t h e  mountain had emerged above t h e  

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

t h e  s p r e a d i n g  of t h e  e r u p t e d  m a t e r i a l  and moulded t h e  mountain 

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

More r e c e n t l y  s i m i l a r  v iews have been advanced on t h e  

o r i g i n  of  mounta ins  of  t h e  s t a p i  t y p e ,  f i r s t  by W.H.  Mathews 

(1947) on t h e  Tuyas i n  B r i t i s h  Columbia, and l a t e r  by R.V. 

van Bemrnelen and M.6. R u t t e n  (1955) on t h e  t a b l e m o u n t a i n s  of 



Nor the rn  I c e l a n d ,  whereupon t h i s  t h e o r y  of " i n t e r g l a c i a l  

accumula t ion"  was a c c e p t e d  by most s t u d e n t s  o f  t h e  m6berg 

f o r m a t i o n  ( i n c l u d i n g  t h e  p r e s e n t  w r i t e r )  a s  t h e  most p r o b a b l e  

i n t e r p r e t a t i o n  o f  t h e  o r i g i n  o f  s t a p i s .  However, t h e  v a l i d i t y  

o f  t h e  t h e o r y  had n o t  been f u l l y  proved i n  t h e  c a s e  o f  any Ice- 

l a n d i c  mounta in .  I t  was opposed by T r a u s t i  E i n a r s s o n  (1958 and 

1 9 6 3 ) ,  and f a c t s  mentioned i n  t h e  p r e s e n t  a r t i c l e  a r e  n o t  i n d i -  

c a t i v e  o f  s u c h  a n  o r i g i n  f o r  a l l  mounta ins  of  t h e  s t a p i  t y p e .  

F u r t h e r ,  t h e  t h e o r y  l a c k e d  a c t u a l i s t i c  s u p p o r t ,  a s  r e p e a t e d  sub-  

g l a c i a l  e r u p t i o n s  i n  I c e l a n d  i n  h i s t o r i c  t ime  do n o t  seem t o  have 

c r e a t e d  any s t a p i s .  

I t  was n o t  u n t i l  t h e  p r e s e n t  w r i t e r ' s  i n v e s t i g a t i o n  o f  t h e  

v o l c a n o  L e g g j a b r j 6 t u r  i n  C e n t r a l  I c e l a n d  t h a t  e v i d e n c e  was b r o u g h t  

f o r t h  o f  a t  l e a s t  t h a t  mounta in  hav ing  been formed i n  a c c o r d a n c e  

w i t h  h i s  h y p o t h e s i s  o f  1943 ( K j a r t a n s s o n  1964) .  

F i n a l l y ,  t h e  e r u p t i o n  of  S u r t u r ,  b e g i n n i n g  i n  November, 1963 ,  

and s t i l l  s l i g h t l y  a c t i v e  i n  J a n u a r y ,  1966,  h a s  now p i l e d  up a  

k i n d  o f  s t a p i  b e f o r e  our  e y e s .  But t h i s  new s t a p i ,  S u r t s e y ,  was 

n o t  l i k e  i t s  P l e i s t o c e n e  c o u n t e r p a r t s  formed i n  a n  i c e - s h e e t ,  

b u t  i n  t h e  s e a .  Consequent ly  i t  is  somewhat anomalous,  e s p e c i a l l y  

w i t h  r e g a r d  t o  i t s  s h a p e .  The l a c k  o f  s u r r o u n d i n g  i c e - w a l l s  may 

b e  r e s p o n s i b l e  f o r  less s t e e p n e s s  of i ts  submarine  s l o p e s  and 

t h e  heavy e r o s i o n  o f  o c e a n i c  waves has  a l r e a d y  s e v e r e l y  deformed 

i t s  f l a n k s  a t  s e a  l e v e l .  

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

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

c o r r e s p o n d i n g  r o c k  f a c i e s  a r e  d i s t i n g u i s h a b l e  ( F i g .  4 ) : ( 1 ) .  

B a s a l t i c  magma e x t r u d i n g  on t h e  bot tom of  deep  wa te r  ( o r  t h i c k  

i c e )  forms a  subaqueous  p i l e  of  p i l l o w - l a v a .  High p r e s s u r e  

p r o h i b i t s  e x p l o s i v e  a c t i v i t y  - (2). A s  t h e  t o p  of  t h e  p i l e  

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

e x p l o s i o n s  s e t  i n ,  p robab ly  a t  a  d e p t h  n o t  exceed ing  20-30 

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

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



m a t e r i a l .  C r a t e r  w a l l s  of  t h i s  m a t e r i a l  r i s e  above t h e  wa te r -  

l e v e l .  - ( 3 )  When t h e s e  w a l l s  become c o n t i n u o u s  around t h e  

c r a t e r  and s u f f i c i e n t l y  w a t e r t i g h t ,  t h e  a c t i v i t y  t u r n s  e f f u s i v e .  

Lava o f  t h e  s h i e l d  vo lcano  t y p e  c o v e r s  t h e  emerging t o p  of t h e  

p i l e .  - (4)  Lava s t r e a m s  f l o w i n g  i n t o  t h e  w a t e r  ( o r  o n t o  t h e  

i c e )  a r e  s o l i d i f i e d  r a p i d l y  by i t s  c h i l l i n g  e f f e c t  and p i l e  up 

t o  form h i g h  and s t e e p  subaqueous f r o n t s  c o n s i s t i n g  o f  a  m i x t u r e  

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



Fig. 5. The tablemountain ~ e ~ ~ j a b r j 6 t u r  with i ts  
summit c ra t e r  ~ 6 l k a t l a .  

Dotted a r e a :  lava f rom ~Glka t l a ,  never glaciated. Thick toothed line : 
high edge of lava, come to r e s t  in deep water o r  against the s teep  
marg in  of the Pleistocene ice-sheet.  Dotted line : low ( normal  ) edge 
of lava solidified on land ( visible only on a short  section north-west 
of BaldheiBi and around a smal l  outcrop of bedrock near  the south- 
eas t e rn  edge of the lava ). Elsewhere,  the edge of lava i s  buried 
under debris  ( in the north ) and under glacier ice  ( in the west ). 
A - B : ' sect ion shown in  Fig. 4. 
Contours according to  the U. S.A. Army Map of Iceland. 



Fig. 3 .  

A chart  of the surroundings of Surtsey according to  echo soundings by the 
Icelandic Hydrographic Service in  July - August, 1964. Coastline of Surtsey 
and Syrtlingur in  August, 1965, inser ted with thick dash-line. 
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E.6. Fig. 4. G . K .  1965 

Sections of Surtsey and ~ e ~ ~ j a b r j 6 t u r  ( cf. Figs. 3 and 5 ) in equal scale ,  
ver t ical  exaggeration 2 :  1. Rock s t ruc tures  below sea  level, suggested. - 
1 : pillowlava with increasing content of volcanic breccia  and tuff near  the 
top. 2 : tephra,  mostly tuff. 3 : lava-flows of the shield volcano type, 
possibly with pillow s t ruc ture  near  the base. 4 :  Coarse  breccia ,  probably 
containing pillows, sca t te red  and in clusters .  "~trandli 'nur" = shore- l ines  ; 
"fonn" = n6v6. 



Fig.  1. Tablemountains in  Iceland. 

1 Fagrada l s f ja l l ,  2 Geitahlcti, 3 Geitafell,  4 Hrafnabjorg,  5 .  Hvalfell,  
6 Skri$an,  7 Hlotiufell, 8 ~ t 6 r a - B j o r n s f e l l ,  9 Hagafell,  10 Blgfell, 
11 SkriBufell, 12 ~ e g g j a b r j  6 tur ,  13 HrGtfell, 14 ~ i r l " k s j ~ k u l 1 ,  15 ~ r g k u r ,  
16 Lyklafell ,  17 Kjalfel l ,  18 Blggnl'pa, 19 nafnlaust f ja l l  upp a f  Alftabrekk- 
urn, 20 Miklafell,  21 ~ 6 r 6 l f s f e l 1 ,  22 Sur tsey,  23 Kistufell ,  24 Her8u-  
breiti, 25 Sellandafjall,  26 Blgfjall, 27 B l~ f j a l l s f j a l l ga rBur ,  28 ~ G r f e l l ,  
29 Gzsaf jo l l ,  30 Lambafjoll ,  3 1 Hofu$rei$arm6li ,  

S U R T S E Y  
t. --< ,.., 

..Y -,-iL",- 

?&'? 

Fig.  2. Sur t sey  and "Syrtlingur" on August 24th, 1965. 
The lava i s  indicated by s t ippl ing:  the hil ls  consis t  of tuff, and 
the flat s t r i p  along the sho re  i s  made  up of beach deposi ts .  
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E a r t h  Tremors from t h e  S u r t s e y  E r u p t i o n  1963-1965 

A P r e l i m i n a r y  Survey 

by 
Hlynur S i g t r y g g s s o n  and E i r i k u r  S i g u r d s s o n  

The I c e l a n d i c  M e t e o r o l o g i c a l  S e r v i c e  

Four s e i s m o l o g i c a l  s t a t i o n s  were i n  o p e r a t i o n  i n  I c e l a n d  when 

t h e  S u r t s e y  e r u p t i o n  began.  They a r e  l i s t e d  below, t o g e t h e r  w i t h  

t h e i r  c o o r d i n a t e s  and d i s t a n c e  from S u r t s e y  . 

S t a t i o n  L a t ,  N Long W D i s t a n c e  from S u r t s e y  

Akureyr i 65O40' 18O06' 2 9 1  km 

Ki rk jubae ja rk laus tu r  63  47 1 8  03 137 " 
Reykjavik  6 4  08 2 1  5 4  117  " 
Vik i Mfrdal  63  25  1 9  0 1  8 0  

The se ismograph a t  Akureyr i  was a  Mainka i n s t r u m e n t ,  w i t h  a  

m a g n i f i c a t i o n  of  a b o u t  1 0 0 ,  measur ing  N-S ground mot ion .  No t r e m o r s  

were obse rved  t h e r e  from S u r t s e y  due t o  d i s t a n c e  and low magni- 

f  i c a t i o n  o f  t h e  i n s t r u m e n t .  

The se ismograph a t  Ki rk jubae ja rk laus tu r  is a  v e r t i c a l  Willmore 

i n s t r u m e n t .  The maximum m a g n i f i c a t i o n  used was a b o u t  10000,  f o r  a  

ground p e r i o d  o f  0 . 1  t o  0 . 7  s e c o n d s ,  

A t  Reykjavik  t h r e e  se i smographs  were o p e r a t e d ,  one Sprengne the r  

E-W, and two v e r t i c a l  component se i smographs .  One of  them was a  

Sprengne the r  s h o r t  p e r i o d  se ismograph.  The t h i r d  se ismograph was 

a  Wil lmore,  which was connec ted  t o  a  ga lvanometer  of  1 . 4  sec. 

p e r i o d .  S i n c e  t h i s  ga lvanometer  is n o t  des igned  f o r  u s e  w i t h  t h e  

se i smograph ,  t h e  m a g n i f i c a t i o n  was unknown, b u t  was e s t i m a t e d  t o  

be  abou t  1300 f o r  a  ground p e r i o d  o f  0 . 3  t o  1 . 5  s e c .  Some re- 

a r r a n g e m e n t s  were made d u r i n g  t h e  e r u p t i o n ,  t h e  most i m p o r t a n t  

one  on December 1 2 ,  1963 ,  when a  N-S component Sprengne the r  was 

connec ted .  A f t e r  t h a t  o n l y  one v e r t i c a l  component was used a t  

any one t i m e ,  e i t h e r  Sprengne the r  o r  Willmore depending on 



c i r c u m s t a n c e s .  A 1 1  t h e  S p r e n g n e t h e r  s e i s m o g r a p h s  were o p e r a t e d  

w i t h  a  m a g n i f i c a t i o n  o f  400 o r  1000 ,  

A t  Vik a  Mainka N-S s e i s m o g r a p h  was i n  o p e r a t i o n ,  m a g n i f i c a t i o n  

40  was u s e d .  

The p r e s e n t  s u r v e y  is b a s e d  ma in ly  o n  se i smograms f rom Reykja-  

v i k ,  s i n c e  t h e y  were  most  r e a d i l y  a v a i l a b l e  f o r  e v a l u a t i o n ,  b u t  

s e i smograms  from Vik and  K i r k ~ u b z e j a r k l a u s t u r  were  u sed  i n  s e v e r a l  

c a s e s .  

M i c r o s e i s m s  a r e  q u i t e  s t r o n g  i n  I c e l a n d ,  and  t h e i r  i n t e n s i t y  

shows a  s t r o n g  c o r r e l a t i o n  w i t h  wind and s w e l l .  I n  r e l a t i v e l y  q u i e t  

w e a t h e r  t h e i r  p e r i o d  is 1-5 s e c o n d s  and  t h e  ground a m p l i t u d e  is 

1 t o  5 , A .  I n  s t r o n g  w e a t h e r  w i t h  heavy s e a s  t h e  p e r i o d  is  6  t o  7 

sec.  and  t h e  a m p l i t u d e  is  20-3OPor more.  Changes i n  a v e r a g e  

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

waves  wh ich  o r i g i n a t e d  a t  S u r t s e y  and  w i l l  b e  d e s c r i b e d  l a t e r ,  had 

t o  b e  d i s t i n g u i s h e d  from t h e  u s u a l  m i c r o s e i s m s .  I n  s to rmy  w e a t h e r  

t h i s  p roved  t o  b e  v e r y  d i f f i c u l t .  

From November 1st t o  2 0 t h  h a r d l y  any u n u s u a l  a c t i v i t y  c o u l d  

b e  o b s e r v e d  on  t h e  se i smograms a t  R e y k j a v i k .  The o n l y  e x c e p t i o n  
k o c c u r r e d  on  November 1 2 t h ,  f rom 1400  t o  2400  , when v e r y  weak 

waves w i t h  a  p e r i o d  o f  0 . 8  t o  1 . 2  sec. were i n t e r m i t t e n t l y  o b s e r v e d ,  

w h i c h  is much s h o r t e r  t h a n  normal  f o r  m i c r o s e i s m  a t  t h a t  t i m e .  

O t h e r w i s e  t h e  s e i smograms  were q u i t e  u s u a l ,  A l l  e a r t h q u a k e s  c o u l d  

b e  t r a c e d  t o  o t h e r  s o u r c e s ,  and  t h e  m i c r o s e i s m s  were  no rma l  f o r  

t h e  s e a s o n ,  

A t  K i rk  j u b z e j a r k l a u s t u r  s e v e r a  1 v e r y  weak e a r t h q u a k e s  were  

r e g i s t e r e d  on  t h e  6 t h  t o  8 t h  November, some o f  which  were f rom 

a n  o r i g i n  a t  a d i s t a n c e  o f  1 4 0  k i l o m e t e r s ,  a p p r o x i m a t e l y  t h e  same 

a s  t o  t h e  e r u p t i o n  l a t e r  o n .  From 1100  on  t h e  1 2 t h  t o  0130 o n  t h e  

1 3 t h  weak t r e m o r s  w i t h  a  p e r i o d  o f  0 . 2  t o  0 . 4  p e r i o d  was o b s e r v e d ,  

a n d  a g a i n  be tween  1100  and  1 6 0 0 ,  w i t h  a  maximum be tween  1300  and  

* A l l  t i m e s  a r e  g i v e n  i n  GMT. 



1400. S i m i l a r  t r e m o r s  were a l s o  observed on t h e  1 4 t h  from a b o u t  

0500, b u t  t h e i r  a m p l i t u d e  was much s m a l l e r  t h a n  b e f o r e ,  and 

d imin i shed  g r a d u a l l y  and d i s a p p e a r e d  i n  t h e  a f t e r n o o n .  Small  and 

v e r y  r a p i d  t r e m o r s  w i t h  a  p e r i o d  of 0 . 1  sec. were obse rved  on 

t h e  1 3 t h  between 0600 and 1300,  b u t  t h e y  may have been caused  by 

i c e  d r i f t  on a  r i v e r  n e a r  t h e  se ismograph o r  o t h e r  l o c a l  s o u r c e s  

S h o r t l y  a f t e r  midn igh t  on November 2 1 s t  o t h e r  k i n d  o f  t r e m o r s  
i 

made t h e i r  a p p e a r a n c e ,  and were much i n  e v i d e n c e  f o r  months t o  come. 

These waves were q u i t e  r e g u l a r ,  t h e i r  p e r i o d  was u s u a l l y  2 . 0  s e c . ,  

b u t  sometimes it dropped t o  1 . 5  s e c .  e s p e c i a l l y  when t h e  waves 

were weak. These waves o f t e n  l a s t e d  f o r  h o u r s ,  b u t  t h e i r  i n c r e a s e  

and d e c r e a s e  took p l a c e  i n  o n l y  a  few m i n u t e s ,  and was much more 

r a p i d  t h a n  f o r  r e g u l a r  mic rose i sms .  T h i s  c h a r a c t e r i s t i c  and t h e  

r e g u l a r  p e r i o d  d i s t i n g u i s h e d  t h e s e  waves from t h e  u s u a l  mic rose i sms .  

Changes i n  t h e i r  i n t e n s i t y  sometimes c o i n c i d e d  w i t h  marked changes  

i n  t h e  e r u p t i o n  (on December 1st f o r  example) ,  and when a  seismo- 

g r a p h  was o p e r a t e d  i n  t h e  Westman I s l a n d s  t h e y  were observed t h e r e  

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

c e r t a i n  t h a t  t h e s e  waves o r i g i n a t e d  i n  t h e  v i c i n i t y  of S u r t s e y .  A t  

K i rk juba3 ja rk laus tu r  t h e s e  waves were a l s o  o b s e r v e d ,  b u t  wave corn- 

p o n e n t s  w i t h  a  p e r i o d  o f  0 . 7  - 1 . 5  s e c .  were a l s o  i n  e v i d e n c e .  The 

se i smograph  had i ts  maximum s e n s i t i v i t y  n e a r  t h i s  r a n g e .  

The waves j u s t  d e s c r i b e d  were f i r s t  obse rved  on November 2 1 s t ,  

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

December 1st a t  1407-1411. They were v e r y  much i n  e v i d e n c e  on 

Dec. 2nd and 3 r d ,  and a g a i n  on 7 t h  t o  8 t h ,  b u t  d imin i shed  a f t e r  

t h a t .  S t i l l  t h e y  were obse rved  every  day from t ime  t o  t i m e  u n t i l  

the end of t h e  y e a r ,  b u t  were  ve ry  weak a f t e r  Dec. 22nd,  w i t h  a  

p e r i o d  o f  c l o s e  t o  1 s e c .  They i n c r e a s e d  a g a i n  on Dec. 3 0 t h ,  b u t  

d i s a p p e a r e d  on January  4 t h  1964 f o r  t h e  t ime  b e i n g .  

The f i r s t  e a r t h q u a k e ,  which d e f i n i t e l y  had a n  o r i g i n  n e a r  

S u r t s e y ,  o c c u r r e d  a t  1219 Dec. 1 7 t h  1963 (magnitude 3 . 8 )  and 

a n o t h e r  much weaker j u s t  b e f o r e  2300. On t h e  23rd  a t  2306 t h e r e  

was a g a i n  a  s m a l l  quake ,  f o l l o w e d  by s e v e r a l  s t i l l  s m a l l e r  quakes  



on  2 4 t h .  S t i l l  a n o t h e r  s m a l l  quake was a t  2010 on January  3 r d ,  

fo l lowed  by a  s t r o n g e r  one a t  1052 on t h e  4 t h .  From January  7 t h  t o  

1 0 t h  f i f t e e n  e a r t h q u a k e s  were observed a t  Reykjavik  and s e v e r a l  

more a t  K i r k j u b t e j a r k l a u s t u r .  Four of  t h e s e  e a r t h q u a k e s  were f e l t  

a t  Westman I s l a n d s ,  on t h e  7 t h  a t  2210 and 2231,  8 t h  a t  0133 and 

9 t h  a t  1633.  The t h r e e  f i r s t  f e l t  e a r t h q u a k e s  had a  magnitude of 

4 . 2 ,  t h e  l a s t  one 4 . 6 .  

On January  1 1 t h  t h e  l o n g  waves were obse rved  a g a i n  and had 

a  maximum i n t e n s i t y  on t h e  1 3 t h  and 1 5 t h ,  b u t  were obscured  by 

m i c r o s e i s m s o a  t h e  1 9 t h .  Two r a t h e r  s m a l l  e a r t h q u a k e s  were obse rved  

a t  Reykjavik  on January  23rd  a t  1106 and 1421.  These two and t h r e e  

more were obse rved  a t  K i r k j u b t e j a r k l a u s t u r  . 

The l o n g  waves appeared  a g a i n  a t  Reykjavik  on t h e  2 4 t h  i n  t h e  

a f t e r n o o n ,  and were ve ry  s t r o n g  t h e  f o l l o w i n g  day between 1109 and 

1157 ( a m p l i t u d e  l o p ) .  They were v e r y  pronounced t h e  n e x t  s i x  d a y s ,  

b u t  d i s a p p e a r e d  on t h e  3 1 s t  a b o u t  0230 and were n o t  obse rved  a g a i n  

w i t h  c e r t a i n t y  u n t i l  February  1 2 t h .  The maxima of  t h e s e  waves i n  

t h e  p e r i o d  from January  2 0 t h  t o  March 3 1 s t  1964 is g i v e n  i n  T a b l e  I .  

The a m p l i t u d e  i s  g i v e n  on t h o s e  days  when mic rose i sms  were n o t  

pronounced.  The long  waves a l m o s t  d i s a p p e a r e d  from t h e  Reykjavik  

o b s e r v a t i o n s  on 2 8 t h  t o  2 9 t h  o f  March, b u t  v e r y  weak t r e m o r s  were 

obse rved  on 1 7 t h  t o  2 4 t h  of A p r i l  and i n  t h e  e v e n i n g  of  J u l y  9 t h .  

The lbng  waves were n o t  obse rved  a g a i n  u n t i l  n e x t  summer. 

An e a r t h q u a k e  from S u r t s e y  was obse rved  a t  Reykjavik  a t  1752 

on January  3 1 s t  1964,  and t h e  f o l l o w i n g  day e l e v e n  quakes  were 

o b s e r v e d ,  a t  0004, 0203, 0257, 0729, 0743, 0857,  1140,  1452,  1554,  

1555 and 1658,  b u t  t w i c e  a s  many were obse rved  a t  K i r k j u b t e j a r k l a u s t u r  

The e a r t h q u a k e s  a t  0257, 0729, 0857 and 1452 were t h e  s t r o n g e s t  

o n e s ,  w i t h  a  magnitude of 3 . 2  t o  4 . 5 .  Some o f  t h e s e  quakes  were 

f e l t  a t  Westman I s l a n d s .  

Two s m a l l  e a r t h q u a k e s  were r e g i s t e r e d  a t  Ki rk jubze ja rk laus tu r  

a t  1047 and 1156 on March 9 t h ,  and a l s o  a t  1015 on J u l y  1 4 t h ,  1964.  



A f t e r  t h a t  no t r e m o r s  o r  e a r t h q u a k e s  o r i g i n a t i n g  a t  S u r t s e y  u n t i l  

May 1965 were o b s e r v e d .  

On May 8 t h  1965 a t  1041 a  s m a l l  e a r t h q u a k e  o r  t remor w i t h  a  

p r o b a b l e  o r i g i n  a t  S u r t s e y  was observed i n  Reyk jav ik .  T h i s  t remor  

was fo l lowed  by many o t h e r s  t h e  n e x t  twe lve  d a y s .  They a r e  l i s t e d  

below, and magni tude  is a s s i g n e d  t o  t h e  l a r g e s t  o n e s .  The t i m e s  of 

t h e  e a r t h q u a k e s  and t r e m o r s  a r e  a s  f o l l o w s :  On t h e  9 t h  a t  1601 

( s m a l l ) ,  1 0 t h  a t  0251 (magnitude 4 . 2 )  and 0315, l l t h  a t  0033 and 

0759 ( b o t h  s m a l l ) ,  1 3 t h  a t  0102 ( v e r y  s m a l l ,  fo l lowed  by ve ry  weak 

t r e m o r s  t h e  same day and t h e  n e x t ) ,  1 4 t h  a t  1718 (magnitude 4 . 2 )  

and 2140 (weak t r e m o r ) ,  1 5 t h  a t  0703 and 1718 (magnitude of  b o t h  

3 . 7 ) ,  1 6 t h  a t  0711 and 0810 ( b o t h  s m a l l ) ,  same day a t  1320 

(magnitude 4 . 0 ) ,  1 7 t h  a t  2357 ( s m a l l ) ,  1 8 t h  a t  0115 ( v e r y  weak 

t r e m o r ) .  On t h e  1 9 t h  s i x  e a r t h q u a k e s  were r e g i s t e r e d ,  t h e  l a r g e s t  

a t  1415 (magni tude  4 . 2 ) .  The o t h e r s ,  which were much s m a l l e r  were  

r e g i s t e r e d  a t  1513,  1536,  1611,  1655 and 2038. Weak i n d e f i n i t e  

t r e m o r s  were a l s o  r e g i s t e r e d  a t  1433 and 1453.  An e a r t h q u a k e  a t  

1501 on t h e  2 0 t h  (magnitude 3 . 8 )  concluded t h i s  s e r i e s .  No t r e m o r s  

o r  e a r t h q u a k e s  o r i g i n a t i n g  n e a r  S u r t s e y  were obse rved  d u r i n g  t h e  

n e x t  month. 

Regular  waves,  s i m i l a r  t o  t h o s e  obse rved  f i r s t  on Nov. 2 1 s t  

1963,  a g a i n  made t h e i r  appearance  on J u l y  3 r d  i n  t h e  f o r e n o o n ,  

a f t e r  a n  a b s e n c e  of o v e r  a  y e a r .  T h e i r  p e r i o d  was now 1 . 2  t o  2 . 3  

s e c . ,  1 . 2  b e i n g  most f r e q u e n t .  They were obse rved  d a i l y  ( e x c e p t  

J u l y  5 t h )  u n t i l  August l l t h ,  b u t  w i t h  v a r y i n g  i n t e n s i t y  and 

f r e q u e n c y .  On August  1 2 t h  t o  1 4 t h  t h e  waves seem t o  d i m i n i s h  and 

a lmos t  d i s a p p e a r .  But s t r o n g  mic rose i sms  on t h e s e  d a y s  may p a r t l y  

o b s c u r e  them. 

L a t e  on t h e  1 4 t h  t h e  waves i n c r e a s e d  a g a i n  and were v i s i b l e  

u n t i l  l l t h  of  September ,  a l t h o u g h  t h e y  were d i s t u r b e d  by micro-  

s e i s m s  on August 23rd  and 2 4 t h .  The p e r i o d  i n  August was 1 .3  t o  

2 . 0  s e c .  The waves had maximum a m p l i t u d e s  on August 31st and 

September 9 t h ,  and had t h e n  a  p e r i o d  of  1 . 2  s e c .  September 1 2 t h  



t o  1 5 t h  mic rose i sms  were i n t e n s e ,  and no waves from t h e  e r u p t i o n  

c o u l d  be d i s t i n g u i s h e d .  They were however obse rved  a g a i n  September 

1 6 t h  t o  1 8 t h  ( p e r i o d  1 . 2  s e c . ) .  September 1 9 t h  t o  October  1st t h e y  

were v e r y  weak o r  e n t i r e l y  a b s e n t ,  b u t  mic rose i sms  were s t r o n g  

d u r i n g  t h e  f i r s t  d a y s  of t h i s  i n t e r v a l .  October  2nd t o  7 t h  t h e  

e r u p t i o n  waves were obse rved  a g a i n ,  t h i s  t ime  w i t h  a  p e r i o d  of  

1 .0-1 .2  s e c . ,  b u t  a f t e r  t h a t  they  were h a r d l y  v i s i b l e  a t  a l l  t o  

t h e  end of  t h e  month, b u t  microse isms were s t r o n g ,  e s p e c i a l l y  on 

1 2 t h  t o  2 0 t h  and 2 6 t h  t o  2 7 t h .  

Ear thquakes  began a g a i n  i n  t h e  S u r t s e y  a r e a  on October  2 8 t h .  

The se ismographs  a t  Reykjavik  r e g i s t e r e d  t h e  f i r s t  quake a t  1155 

(magnitude 3 . 5 ) .  Ear thquakes  from S u r t s e y  had n o t  been r e g i s t e r e d  

s i n c e  May 2 0 t h .  The n e x t  e a r t h q u a k e  was obse rved  a t  1055 on Nov. 

4 t h ,  i t  was somewhat weaker t h a n  t h e  p r e v i o u s  one .  The t h i r d  one 

was a t  1934 on t h e  same day (magnitude 3 . 9 ) ,  and a  quake on Nov. 

5 t h  a t  0152 may a l s o  have o r i g i n a t e d  i n  t h e  S u r t s e y  a r e a .  F u r t h e r  

e a r t h q u a k e s  from S u r t s e y  were t h e  f o l l o w i n g  (magnitude is  g i v e n  

i n  p a r e n t h e s i s  when d e t e r m i n e d ) :  November 9 t h  a t  0227 ( 3 . 4 1 ,  

1 3 t h  a t  0107 ( 4 . 2 ) ,  1 7 t h  a t  1048 ( 4 . 4 ) ,  1143 ( 4 . 4 )  and 1546 ( 4 . 2 ) ,  

2 1 s t  a t  1027 ( 4 . 2 ) ,  22nd a t  0003 ( 4 . 6 ) ,  23rd  a t  1125 ( 3 . 5 ) ,  2 4 t h  

a t  1119 ( 3 . 6 )  1139 and 1623 ( b o t h  s m a l l ) .  On November 2 7 t h  a t  0007 

a  s m a l l  e a r t h q u a k e  was obse rved  which may have o r i g i n a t e d  n e a r  

Sur t s e y  . 

Tremors and r e g u l a r  waves were obse rved  e v e r y  now and t h e n  

i n  November, e s p e c i a l l y  on t h e  l s t ,  2nd,  5 t h ,  6 t h ,  8 t h ,  9 t h ,  l z t h ,  

2 1 s t ,  23rd  and 2 4 t h .  

No e a r t h q u a k e s  a r e  known t o  have o r i g i n a t e d  a t  S u r t s e y  i n  

December 1965,  b u t  t r e m o r s  were observed on t h e  4 t h ,  6 t h ,  1 2 t h ,  

22nd and 2 7 t h .  



On February  2 4 t h  t o  2 7 t h  t h e  ground wave a c t i v i t y  o f t e n  

seemed t o  be  a t  maximum n e a r  t h e  h i g h  t i d e .  S p r i n g  t i d e  was a t  

maximum on t h e s e  d a y s .  The examples a r e  s o  few, however, t h a t  i t  

is  d i f f i c u l t  t o  d e c i d e  i f  t h e  c o i n c i d e n c e  is s i g n i f i c a n t  o r  

dependent  on chance  a l o n e .  



Tab le  I .  Times and Amplitude of  Ground Waves from t h e  S u r t s e y  

E r u p t i o n ,  January  2 0 t h  t o  March 2 1 s t ,  1964. Observed 

a t  Reyk jav ik .  

The ampl i tude  g iven  is t h e  N-S ground motion i n p .  

The m a g n i f i c a t i o n  of t h e  seismograph used was 750 a t  

Tg = 2 . 0  seconds ,  

Date GMT Amplitude 

20/1 2111-2123 
2 4/ 1 1630-1640 

1P 1839-1930 5 
25/1  1109-1157 1 0  
27/1  2203-2244 
28/1 0152-0333 

v v  0701-0727 13 
9 v  1511-1541 
v  v 2011-2018 12 

29/1 0005-0050 
e t 0513-1200 

30/1  1403-1407 
tv 1844-2015 

16/2 2232-2241 
17/2 0532 -0545 
2 1/2 2111-2123 
2 4/2 1630-1640 

? V  1839-1930 
26/2 1709-1716 * 

1t 1722-1744 

2 7/2 0429-0433 

1/3 0926-1004 
2/3 2032-2050 
4/3 1857-1900 

v  v 2000-2234 

8/3 1123-1130 
9/3 062 1-0641 

P V  0849-0912 

11/3 0049-0055 
19 0540-0607 

12/3 0147-0149 
v t 0347-0407 

18/3 1855-1902 
P  P 2105-2131 

2 1/3 0637-0736 

* Shor t  r e g u l a r  waves, Tg = 1 . 0  s e c .  



Recording o f  e a r t h q u a k e s  and t r e m o r s  i n  t h e  Vestman I s l a n d s  

J a n .  23 .  - A ~ r i l  11. 1964 

Gudmundur PB lma son  
S t a t e  E l e c t r i c i t y  A u t h o r i t y  
Department  of  N a t u r a l  Heat 

I n  t h e  f i r s t  S u r t s e y  Resea rch  P r o g r e s s  Repor t  from February  

1965 i t  was mentioned t h a t  a  p r o v i s i o n a l  se ismograph was o p e r a t e d  

i n  t h e  Vestman I s l a n d s  from J a n .  2 3 ,  t o  A p r i l  11, 1964.  The 

seismograms have now been r e a d  and t h e  r e s u l t s  a r e  g i v e n  i n  t h i s  

r e p o r t  t o g e t h e r  w i t h  a  few remarks  on t h e  r e l a t i o n  between s e i s -  

mic e v e n t s  and t h e  c o u r s e  o f  t h e  e r u p t i o n  d u r i n g  t h i s  p e r i o d ,  

I n s t r u m e n t a t i o n .  

The se i smograph  c o n s i s t e d  s f  t h r e e  se i smomete r s  and a  

V i s i c o r d e r  r e c o r d e r ,  whose ga lvanomete r s  were connec ted  w i t h o u t  

a m p l i f i c a t i o n  t o  t h e  se i smomete r s .  The se i smomete r s  were a  

Willmore v e r t i c a l  component,  n a t .  f r e q .  a b o u t  1 c / s e c ,  a n  ABW 

v e r t i c a l  component,  n a t ,  f r e q .  6 c/sec, and a  t h r e e  component 

-Hall-Sears s e i s n o m e t e r ,  n a t ,  f r e q ,  4 . 5  c/sec. One channe l  o f  

t h e  r e c o r d e r  was connec ted  t o  a  c h r o n ~ m e t e r ,  whose t ime  s i g n a l s  

were c o r r e c t e d  by compar ison w i t h  WWV r a d i o  s i g n a l s .  The ga lvano-  

m e t e r s  had a  n a t u r a l  f r e q u e n c y  s f  40 c / s e c  and a  s e n s i t i v i t y  of 

0 . 1 8  mm/microvolt. 

The damping o f  t h e  se i smomete r s  was n o t  c r i t i c a l l y  a d j u s t e d  

a s  t h e  main o b j e c t i v e  was t o  c o l l e c t  i n f o r m a t i o n  on t h e  f r e -  

quency o f  s e i s m i c  e v e n t s  i n  r e l a t i o n  t o  bhe c o u r s e  of t h e  

e r u p t i o n .  The Willmore se ismometer  was o n l y  s l i g h t l y  damped, 

b u t  t h e  o t h e r s  were f a i r l y  w e l l  damped. 

The equipment  was i n s t a l l e d  i n  a  house i n  t h e  Vestman 

I s l a n d s  town a t  a  d i s t a n c e  o f  2 2 - 3  km from t h e  main c r a t e r  o f  

Sur t s e y  . 



Seismic  E v e n t s  and t h e i r  R e l a t i o n  t o  t h e  c o u r s e  of  t h e  E r u p t i o n .  

The s e i s m i c  e v e n t s  on t h e  r e c o r d s  a r e  mainly  o f  two t y p e s ,  

sudden s h o c k s ,  and a  more o r  l e s s  c o n t i n u o u s  t r e m o r .  The f r e -  

quency o f  s h o c k s  d u r i n g  t h e  r e c o r d i n g  p e r i o d  was by f a r  t h e  

l a r g e s t  on February  1, when over  20 s h o c k s  were  r e c o r d e d .  On t h a t  

day e r u p t i o n  s t a r t e d  w i t h  a  f o u n t a i n  a c t i v i t y  i n  t h e  c r a t e r ,  which 

was l a t e r  t o  become t h e  main c r a t e r .  

The t r emor  o c c u r r e d  every  now and t h e n  d u r i n g  most o f  t h e  

r e c o r d i n g  p e r i o d .  The main i n d i c a t i o n  o f  i t s  r e l a t i o n  t o  t h e  

e r u p t i o n  i s  from t h e  f i r s t  days  o f  A p r i l .  No t r e m o r s  were r e -  

corded from t h e  b e g i n n i n g  o f  A p r i l  u n t i l  a t  21:15 on t h e  e v e n i n g  

of  t h e  3 r d .  Then t remor  s t a r t e d  and c o n t i n u e d  f o r  a b o u t  s i x  d a y s .  

The l a v a  f l o w  from t h e  main c r a t e r  was obse rved  f o r  t h e  f i r s t  

t ime  on t h e  4 t h  o f  A p r i l .  I t  i s  t h e r e f o r e  p r o b a b l e  t h a t  t h e  

t remor  i n  t h i s  c a s e  is a s s o c i a t e d  w i t h  t h e  b e g i n n i n g  o f  t h e  f low 

of t h e  l a v a  from t h e  main c r a t e r .  

The s e i s m i c  e v e n t s  a s  r e a d  from t h e  seismograms a r e  g i v e n  

i n  t h e  f o l l o w i n g  t a b l e .  E d e n o t e s  a  sudden shock and T  a  more o r  

l e s s  c o n t i n u o u s  t r e m o r .  Ampl i tudes  a r e  r e a d  from t h e  t r a c e  of 

t h e  Willmore se ismometer .  Even t s  w i t h  t r a c e  a m p l i t u d e s  l e s s  t h a n  

abou t  2 mm a r e  n o t  i n c l u d e d .  Due t o  i n s u f f i c i e n t  damping o f  t h e  

se i smomete r ,  t h e s e  a m p l i t u d e s  do n o t  r e p r e s e n t  a c t u a l  e a r t h  

mot ion .  

Acknowledgements. 

The I c e l a n d i c  M e t e o r o l o g i c a l  Off ice s u p p l i e d  a  Wi-llmore 

se ismometer  and t h e  P h y s i c a l  Labora to ry  o f  t h e  U n i v e r s i t y  o f  

I c e l a n d  s u p p l i e d  a  chronometer  f o r  t h e s e  measurements .  The res t  

o f  t h e  equipment  was from t h e  S t a t e  E l e c t r i c i t y  A u t h o r i t y .  

M r .  S v e i n b j o r n  Bjornsson  a s s i s t e d  i n  s e t t i n g  up t h e  equipment  

i n  t h e  Vestman I s l a n d s .  



TABLE 

Date  Hour GMT 

1964 

Max. t r a c e  Remarks 

a m p l i t .  mm 

Minor t remor  most 
of t h e  day 

S t r o n g  t remor  



Date HourGMT 

1964 

Max. t r a c e  Remarks 

a m p l i t u d e  mm 

T most o f  t h e  
t ime  

T most o f  t h e  
t ime  

T most o f  t h e  
t ime  



D a t e  HourGMT 

1964 

Max. t r a c e  Remarks 

a m p l i t u d e  mm 

C o n t i n u o u s  t r e m o r  
most o f  t h e  day  



D a t e  Hour GMT 

1 9 6 4  

Max. t r a c e  Remarks 

a m p l i t u d e  mm 

Almost no t r e m o r  
most o f  t h e  day  

Seven  minor  s h o c k s  

Minor t r e m o r  

T  

E ,  s m a l l  

T  

E ,  s m a l l  

E ,  s m a l l  

T  
11 

E ,  s m a l l -  

F i v e  minor  s h o c k s  

E ,  s m a l l  

E ,  s m a l l  
P 1 l?  

Four  minor  s h o c k s  

T  

E ,  s m a l l  

Two minor  s h o c k s  



Date HourGMT Max. t r a c e  Remarks 

1964 amplitude mm 

12/2 04 15 - 04 47 2 . 5  T 
? I  05 05 - 05 10 3 . 0  t t  

? ?  06 27 - 06 37 2 . 5  t t 

? ?  07 42 - 07 47 3 . 5  v 1 

I t  10 12 - 10 14 3 . 0  1 1  

? I  12 36 - 12 45 3 . 5  t t 

1  t 13 10 - 13 15 3 . 5  o I 

Vl 14 16 - 14 35 2 . 5  v t 

? ?  15 22 - 15 30 3 . 0  ts 

E ,  smal l  

T 
l ?  00 00 - 20 45 2 . 0  Continuous tremor 

most of t h e  day 
? ? 21 26 - 21 27 3 . 0  T 
?? 23 14 - 23 20 5 . 5  ( 9  

t s 23 52 - 00 02 (14/2) 3 . 0  t t 



Date Hour GMT 

1964 

Max. t r a c e  Remarks 

ampl i tude  mm 

Tremor g roups  
most o f  t h e  day 
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Date  Hour GMT 

1964 

Max. t r a c e  Remarks 

a m p l i t u d e  mm 

Con t inuous  t r emor  
most o f  t h e  day  

E ,  s m a l l  

Almost c o n t i n u o u s  
t r emor  

T 



Date  Hour GMT 

1964 

Max. t r a c e  Remarks 

a m p l i t u d e  mm 

Almost c o n t i n u o u s  
t remor  

T (6: ?) 

Almost c o n t i n u o u s  
t remor  
- . 11  - 
- t s  - 
D i s t u r b a n c e  

T 



Date Hour GMT 

1964 

Max. trace Remarks 

amplitude mm 

4.5 E, small 



Date Hour GMT 

1964 

Max. t r a c e  Remarks 

ampl i tude mm 

T (E, s m a l l )  
I ? 

?t 

?I 

? ? 

IP 

? ?  

T (E, s m a l l )  

T (E, s m a l l )  



Date Hour GMT 

1964 

Max. t r a c e  Remarks 

ampl i tude  mm 

2 . 5  Almost no t remor  

2 .5 -8 .0  Many s m a l l  t remor 
g roups  o r  shocks  

2 .0 -3 .0  Many s m a l l  t remor 
groups  

6 . 0  T 

Many s m a l l  t remor 
groups  

Minor t remor  
g roups  

Minor t remor  
g roups  

Minor t r emor s  

Q u i e t  

5 . 0  T 

2 . 5  Minor t r emor s  

Q u i e t  

Q u i e t  



Date  Hour GMT 

1964 

Max. t r a c e  Remarks 

a m p l i t u d e  mm 

Minor s h o c k s ,  
o t h e r w i s e  q u i e t  

Q u i e t  

Cont inuous  t remor  

l ?  st 

Minor t remor  

Almost q u i e t  

Minor t r emor  
i t  11 



E l e c t r i c  D i s t u r b a n c e s  and Charge Genera t ion  a t  t h e  

Volcano S u r t s e y  

S v e i n b j o r n  Bjornsson  
S t a t e  E l e c t r i c i t y  A u t h o r i t y  
Department  of  N a t u r a l  Heat 

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

S p e c t a c u l a r  l i g h t n i n g  a c t i v i t y  accompanied t h e  f i r s t  t e p h r a  

phase  of  t h e  S u r t s e y  e r u p t i o n ,  I n v e s t i g a t i o n s  of  t h e  e l e c t r i c  

d i s t u r b a n c e s  were r e p o r t e d  i n  t h e  S u r t s e y  Resea rch  P r o g r e s s  Repor t  I ,  

(1965) .  An a c c o u n t  o f  t h i s  work h a s  now been p u b l i s h e d  by Anderson 

e t ,  a l .  (1965) .  The main r e s u l t  o f  t h e s e  o b s e r v a t i o n s  was t h a t  a  

n e t  p o s i t i v e  c h a r g e  was c a r r i e d  upward from t h e  vo lcano  by t h e  

v o l c a n i c  c l o u d .  The n e t  c o n c e n t r a t i o n  of  cha rge  i n  t h e  e r u p t i o n  

plume near  t h e  c r a t e r  was e s t i m a t e d  t o  be of t h e  o r d e r  of  lo5 o r  
6  1 0  e lementa ry  c h a r g e s  p e r  c u b i c  c e n t i m e t e r .  

Over t h e  c r a t e r  t h e  c l o u d  had no d e t e c t a b l e  d i p o l e  s t r u c t u r e  

b u t  abou t  2 km downwind from t h e  c r a t e r  t h e  e l e c t r i f i e d  c l o u d  was 

found t o  be b i p o l a r .  There  was a  s t r e a m  o f  n e t  p o s i t i v e  c h a r g e  

above one of  n e t  n e g a t i v e  c h a r g e .  

The maximum n e g a t i v e  p o t e n t i a l  g r a d i e n t s  obse rved  under t h e  

plume were a s s o c i a t e d  w i t h  a  l i g h t  f a l l  o f  t e p h r a .  The o b s e r v a t i o n s  

were no t  s u f f i c i e n t  t o  d e t e r m i n e ,  whether  t h i s  a s s o c i a t i o n  was 

merely t h e  r e s u l t  o f  our  b e i n g  d i r e c t l y  under t h e  c l o u d  d i p o l e  from 

which t h e  t e p h r a  was f a l l i n g  o r  whether  t h e  f a l l i n g  t e p h r a  was 

n e g a t i v e l y  c h a r g e d .  

O b s e r v a t i o n s  d u r i n g  t h e  l a v a  phase  of t h e  Surts,ey e r u p t i o n .  

A s ' t h e  a c t i v e  v e n t  was c l o s e d  o f f  from t h e  s e a ,  t h e  e x p l o s i v e  

e r u p t i o n s  and l i g h t n i n g  c e a s e d .  Lava s t r e a m s  f lowed down t o  and 



i n t o  t h e  s e a  and produced dense  w h i t e  c l o u d s  which were found t o  

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

v a r i e d  from + l o6  t o  abou t  + l o8  e lementa ry  c h a r g e s  p e r  c u b i c  

c e n t i m e t e r .  

S i m i l a r  c h a r g e  d e n s i t i e s  were o b t a i n e d  by Blanchard  (1964) 

a t  t h e  WHOI, USA i n  h i s  l a b o r a t o r y  e x p e r i m e n t s .  I n  r e c e n t  i n -  

v e s t i g a t i o n s  he has  found t h a t  rough ly  + lom8 C a r e  r e l e a s e d  t o  

t h e  a i r  p e r  c u b i c  c e n t i m e t e r  o f  s e a  wa te r  s p l a s h e d  on t h e  h o t  

l a v a .  The c h a r g e  c a r r i e r s  a r e  presumed t o  be  t i n y  s e a - s a l t  p a r t i c l e s  

o r  b r i n e  d r o p l e t s  t h a t  a r e  produced i n  p r o d i g i o u s  numbers whenever 

s e a  wa te r  comes i n t o  c o n t a c t  w i t h  ho t  l a v a .  The mechanism o f  c h a r g e  

g e n e r a t i o n  p robab ly  is a  s u r f a c e  e f f e c t .  I f  t h e  c h a r g e  c a r r i e r s  

l e a v e  t h e  h o t  l a v a  a s  d ry  s e a  s a l t  p a r t i c l e s ,  i t  is  p o s s i b l e  t h a t  

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

A d e t a i l e d  accoun t  of  t h e  f i e l d  o b s e r v a t i o n s  and t h e  l a b o r a -  

t o r y  i n v e s t i g a t i o n s  is g iven  by B j o r n s s o n ,  Blanchard  and Spencer  

(1966) .  

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

P o t e n t i a l  g r a d i e n t .  

The e l e c t r i c a l  f i e l d  around t h e  e r u p t i o n  plume of t h e  

v o l c a n i c  i s l a n d  v v S y r t l i n g u r "  was found t o  b e  s i m i l a r  t o  t h a t  of  

S u r t s e y .  The v o l c a n i c  c loud  c a r r i e d  a  n e t  p o s i t i v e  c h a r g e .  Under 

t h e  plume t h e r e  was a  d imin i shed  p o s i t i v e  p o t e n t i a l  g r a d i e n t  

b u t  no r e v e r s a l  of t h e  f i e l d ,  a s  was t h e  c a s e  under t h e  e r u p t i o n  

plume of  S u r t s e y .  L i g h t n i n g  were o f t e n  s e e n  i n  t h e  e r u p t i o n  

column b u t  t h e  e l e c t r i c  a c t i v i t y  was much l e s s  t h a n  i n  t h e  f i r s t  

t e p h r a  phase  o f  t h e  e r u p t i o n  o f  S u r t s e y .  

On J u l y  2 4 ,  1965,  M r .  Va lga rdur  S te f i insson ,  S t a t e  E lec -  

t r i c i t y  A u t h o r i t y ,  s a i l e d  on a  r u b b e r  boa t  under  t h e  e r u p t i o n  

c l o u d  of ' * S y r t l i n g u r t P  equipped w i t h  a n  e l e c t r o m e t e r  and a  r a d i o -  

a c t i v e  probe  f o r  p o t e n t i a l  g r a d i e n t  measurements.  About 800 m 



d i s t a n t  from t h e  c r a t e r  he found a  p o s i t i v e  f i e l d  under  t h e  plume 

b u t  e a c h  t i m e  a  shower of wet t e p h r a  approached t h e  b o a t  from 

above t h e  f i e l d  d e c r e a s e d  and remained low u n t i l  t h e  f a l l  of 

t e p h r a  c e a s e d .  On one o c c a s i o n  t h e  f a l l  o f  d r y  t e p h r a  a t  a b o u t  

1600 m d i s t a n c e  from t h e  c r a t e r  was a s s o c i a t e d  w i t h  a n  i n c r e a s e  

i n  t h e  p o s i t i v e  p o t e n t i a l  g r a d i e n t .  

The c h a r g e  on t h e  t e p h r a .  

F i r s t  a t t e m p t s  t o  measure t h e  c h a r g e  on t h e  t e p h r a  f a l l i n g  

from t h e  e r u p t i o n  c l o u d  were u n d e r t a k e n  by t h e  a u t h o r  on 8 March 

1966 a t  t h e  c r a t e r  " L i t l i  S u r t u r P P  i n  t h e  s e a  a b o u t  800 m s o u t h -  

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

e j e c t i n g  s t eam and t e p h r a  up t o  a b o u t  300 m h e i g h t  and had b u i l t  

a  s m a l l  i s l a n d  r e a c h i n g  o n l y  s e v e r a l  m e t e r s  above t h e  ocean 

s u r f a c e .  S t r o n g  wind from n o r t h  blew t h e  v o l c a n i c  c loud  o u t  t o  

t h e  s e a .  

The e l e c t r i c  o b s e r v a t i o n s  were made on a  s h i p ,  which s a i l e d  

s e v e r a l  t i m e s  under  t h e  e r u p t i o n  c l o u d  a b o u t  150 t o  200 m down- 

wind from t h e  c r a t e r .  The s h i p  was equipped w i t h  a n  e l e c t r o m e t e r  

and a  r a d i o a c t i v e  p robe  f o r  p o t e n t i a l  g r a d i e n t  measurements ,  a  

s h i e l d e d  c a t c h e r  ( s i m i l a r  t o  t h a t  by S c r a s e  (1938)) f o r  measur ing  

t h e  c h a r g e  c a r r i e d  by f a l l i n g  t e p h r a  and a  Faraday-cage f o r  s p a c e  

c h a r g e  measurements .  

The p o t e n t i a l  g r a d i e n t  upwind and on b o t h  s i d e s  o f  t h e  

plume a t  a  d i s t a n c e  o f  abou t  200 m from t h e  c r a t e r  was p o s i t i v e  

and g r e a t e r  t h a n  1000 v/m o r  more t h a n  e i g h t  t i m e s  t h e  normal 

f a i r  wea the r  g r a d i e n t .  Accura te  measurements o f  t h e  g r a d i e n t  

were n o t  p o s s i b l e  because  o f  i n a d e q u a t e  probe  exposure .  T h i s  

t ime  no r e a d i n g s  of  t h e  g r a d i e n t  were t a k e n  under t h e  plume. 

" The s h i p  s a i l e d  under t h e  plume o n l y  150-200 m downwind 

from t h e  c r a t e r .  Tephra was b e i n g  e r u p t e d  up t o  a n  h e i g h t  of  



abou t  300 m and f e l l  on t h e  s h i p  a b o u t  one minute  a f t e r  i t s  

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

c a t c h e r  c a r r i e d  a  s t r o n g  n e g a t i v e  c h a r g e .  

Approximately - 3 l om9 C were c a r r i e d  by a  sample of  

1 5 , 5  g  o f  d r y  t e p h r a .  The sample c o n s i s t e d  mainly  o f  porous  

g r a i n s .  About 45 weight  % o f  t h e  g r a i n s  were g r e a t e r  t h a n  1 mm 

i n  d i a m e t e r ,  Maximum d iamete r  was 5  mm.  The Faraday cage  had a  

s e n s i t i v i t y  e q u i v a l e n t  t o  a  s p a c e  c h a r g e  o f  l o 4  e lementa ry  c h a r g e s  

p e r  c u b i c  c e n t i m e t e r ,  b u t  no c h a r g e  was i n d i c a t e d  d u r i n g  t h e  

voyage,  During t e p h r a  f a l l  most of  t h e  t e p h r a  d i d  n o t  e n t e r  t h e  

c a g e  b u t  was h e l d  by t h e  grounded 1 mm mesh w a l l s  of  t h e  c a g e .  

D i s c u s s i o n .  

I t  is h i g h l y  p r o b a b l e  t h a t  t h e  p o s i t i v e  c h a r g e  a r i s i n g  

from t h e  zone ,  where l a v a  f lowed i n t o  t h e  s e a ,  is  g e n e r a t e d  by 

t h e  same mechanism a s  t h a t  found by Blanchard  ( 1 9 6 4 ) ,  when s e a  

wa te r  is s p l a s h e d  on ho t  l a v a .  

I n  t h e  t e p h r a  e r u p t i o n s  t h e  s i t u a t i o n  is  more c o m p l i c a t e d .  

P o s i t i v e  c h a r g e  was found t o  dominate i n  t h e  v o l c a n i c  c l o u d  over  

t h e  c r a t e r  and i n  t h e  upper p a r t  o f  t h e  downwind plume. T h i s  

c h a r g e  was e i t h e r  e j e c t e d  from t h e  c r a t e r  o r  r a p i d l y  g e n e r a t e d  

i n  t h e  e r u p t i o n  column j u s t  above t h e  c r a t e r  d u r i n g  v i g o r o u s  

e r u p t i o n s  of t e p h r a  and s team (Anderson e t  a l .  ( 1 9 6 5 ) ) .  

Nega t ive  c h a r g e  was found on t h e  t e p h r a  f a l l i n g  i n  t h e  

v i c i n i t y  of  t h e  c r a t e r .  One might  s u g g e s t  t h a t  t h e  t e p h r a  p a r t -  

i c l e s  have s e l e c t i v e l y  a c q u i r e d  n e g a t i v e  c h a r g e  by c o l l i s i o n  w i t h  

n e g a t i v e  i o n s  f l o w i n g  i n t o  t h e  a tmosphere  by p o i n t  d i s c h a r g e  from 

t h e  s e a  o r  t h e  s h i p .  But t h e  f a c t s  t h a t  t h e  Faraday cage  d i d  n o t  

d e t e c t  any s p a c e  c h a r g e  on t h e  voyage and t h a t  t h e  t e p h r a  was 

sampled w i t h i n  a  minu te  a f t e r  i t s  e j e c t i o n  from t h e  c r a t e r  make 

t h i s  s u g g e s t i o n  r a t h e r  improbable .  



A more l i k e l y  s u g g e s t i o n  would be t h a t  n e g a t i v e  cha rge  i s  

gene ra t ed  by t h e  same p r o c e s s  a s  t h e  p o s i t i v e  cha rge  by a  cha rge  

s e p a r a t i o n  mechanism working i n  t h e  c r a t e r  o r  t h e  e r u p t i o n  column 

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

A s  i t  a p p e a r s  p robab l e  t h a t  t h e  c o n t a c t  o f  s ea  wa te r  w i t h  

magma was t h e  c a u s e  o f  t h e  e x p l o s i v e  e r u p t i o n s  a t  S u r t s e y ,  w e  

might sugges t  t h a t  t h i s  ha s  a l s o  been t h e  c a u s e  of  t h e  cha rge  

g e n e r a t i o n .  We know from B lancha rd ' s  l a b o r a t o r y  i n v e s t i g a t i o n s  

and t h e  f i e l d  o b s e r v a t i o n s  d u r i n g  t h e  l a v a  phase  o f  t h e  S u r t s e y  

e r u p t i o n  t h a t  p o s i t i v e  cha rge  is gene ra t ed  when s e a  wa te r  is 

s p l a s h e d  on mol ten  l a v a .  

S i m i l a r  cha rge  s e p a r a t i o n  w i l l  o c c u r ,  i f  d rops  of  s e a  wa te r  

o r  condensing vapor  c o n t a c t  t h e  glowing t e p h r a  p a r t i c l e s  i n  t h e  

e r u p t i o n  column. The d rops  w i l l  be s p l a s h e d  i n t o  t i n y  d r o p l e t s  o r  

s a l t  p a r t i c l e s ,  which a r e  p o s i t i v e l y  cha rged ,  b u t  t h e  t e p h r a  

p a r t i c l e s  w i l l  be  l e f t  n e g a t i v e  i n  t h e  a i r .  Most o f  t h e  t e p h r a  

f a l l s  from t h e  c loud  i n  t h e  v i c i n i t y  of  t h e  c r a t e r  and b r i n g s  

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

s a l t  p a r t i c l e s  a r e  c a r r i e d  upwards i n t o  t h e  v o l c a n i c  c l oud .  

The same a p p l i e s  i f  t h e  c r a t e r  i s  f l ooded  by sea  wa te r  

which c o n t a c t s  mol ten  l a v a .  P o s i t i v e  cha rge  w i l l  be  e j e c t e d  on 

d r o p l e t s  o r  s a l t  p a r t i c l e s .  The l a v a  may s t a y  i n  c o n t a c t  w i t h  t h e  

ground o r  be e j e c t e d  a s  n e g a t i v e l y  charged t e p h r a  p a r t i c l e s ,  which 

f o r  t h e  most p a r t  f a l l  back on t h e  w a l l s  o f  t h e  c r a t e r .  

A f t e r  t h e s e  c o n s i d e r a t i o n s  we may conc lude  t h a t  a l l  e l e c t r i c  

phenomena observed a t  S u r t s e y  can be e x p l a i n e d  a s  t h e  r e s u l t  o f  

t h e  cha rge  s e p a r a t i o n ,  which o c c u r s  when s e a  wa t e r  is s p l a s h e d  on 

mol ten  l a v a .  T h i s  c o n c l u s i o n  does  however n o t  exc lude  t h a t  o t h e r  

mechanisms o f  cha rge  g e n e r a t i o n  may a l s o  have p layed  a  r o l e .  

S u b g l a c i a l  e r u p t i o n s .  

Blanchard  ha s  r e c e n t l y  t e s t e d  t h e  cha rge  g e n e r a t i o n  w i t h  

wa te r  from two r i v e r s  which d r a i n  t h e  g l a c i e r s  t h a t  cover  t h e  



I c e l a n d i c  vo lcanoes  K a t l a  and Grimsvotn. A p o s i t i v e  c h a r g e  was 

r e l e a s e d  t o  t h e  a i r ,  when t h i s  wa te r  was s p l a s h e d  on h o t  l a v a .  

I f  t h i s  wa te r  is s i m i l a r  t o  t h a t  which t a k e s  p a r t  i n  t h e  sub- 

g l a c i a l ,  p h r e a t i c  e r u p t i o n s  a t  K a t l a  and Grimsvotn t h e n  it is 

p o s s i b l e  t h a t  g l a c i a l  m e l t  wa te r  p l a y s  a  major r o l e  i n  t h e  

g e n e r a t i o n  o f  t h e  i n t e n s e  e l e c t r i c a l  a c t i v i t y  t h a t  has  been 

obse rved  i n  t h e s e  e r u p t i o n s .  F u r t h e r ,  a  n e t  p o s i t i v e  c h a r g e  shou ld  

be  c a r r i e d  by t h e  e r u p t i o n  c l o u d s .  
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S t u d i e s  o f  Tempera ture ,  V i s c o s i t y ,  D e n s i t y  and Some 

Types of  M a t e r i a l s  Produced i n  t h e  S u r t s e y  E r u p t i o n  

P r o f e s s o r  T r a u s t i  E i n a r s s o n  
The U n i v e r s i t y  o f  I c e l a n d  

I .  Tempera ture .  

Tempera ture  was s t u d i e d  w i t h  t h e  same o p t i c a l  pyromete r ,  

which I used  i n  the Hekla e r u p t i o n  of  1947-48 ( 1 ,  p .  2 2 ) .  Two - 
r u n s  o f  l a b o r a t o r y  compar isons  w i t h  a  thermocouple  were done 

d u r i n g  t h e  e a r l i e r  s t u d i e s  and a  t h i r d  was added now i n  c o l -  

l a b o r a t i o n  w i t h  P r o f e s s o r  T h o r b j o r a  S i g u r g e i r s s o n .  The r e s u l t s  

a r e  shown i n  F i g .  1. The a c c u r a c y  of  a  s i n g l e  pyrometer  measure- 

ment a p p e a r s  t o  be  20-25Oc. I n  t h e  t h i r d  r u n  compar ison was 

a l s o  made w i t h  S i g u r g e i r s s o n ' s  thermocouple ,  which he used i n  

S u r t s e y  o n  1 5 t h  Qct.  1964. 

On t h e  second day of  t h e  e r u p t i o n ,  Nov. 1 5 t h ,  1963,  I 

obse rved  a t  c l o s e  q u a r t e r s  from t h e  Coas t  Guard v e s s e l  A l b e r t .  

I n  d a y l i g h t  no glowing m a t e r i a l  c o u l d  b e  p e r c e i v e d  i n  t h e  

e r u p t i o n  columns.  I n  d a r k n e s s  s p o r a d i c  g lowing s t o n e s  were s e e n ,  

t h e  t e m p e r a t u r e  n o t  s u r p a s s i n g  6 5 0 - 7 0 0 ~ ~ .  A t  t h i s  t i m e  t h e  

e r u p t i o n  was submar ine ,  and t h e  m a t e r i a l  thrown o u t  had no doubt  

been c o o l e d  by t h e  w a t e r .  The low maximum t e m p e r a t u r e  is ,  never-  

t h e l e s s ,  r e m a r k a b l e .  When.one c o n s i d e r s  t h a t  a  bomb o f  20  c m  

d i a m e t e r ,  su r rounded  by c o l d  w a t e r ,  s h o u l d  r e t a i n  its c e n t r a l  

t e m p e r a t u r e  u n a f f e c t e d  f o r  a b o u t  1 0  m i n u t e s ,  one might  e x p e c t  

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

s u c h  and l a r g e r  bdmbs s p l i t  i n  t h e  a i r .  I t  seems p o s s i b l e ,  t h e r e -  

f o r e ,  t h a t  t h e  magma t e m p e r a t u r e  was v e r y  low. 

The c h a r a c t e r  of  t h e  e r u p t i o n  remained t h e  same f o r  

s e v e r a l  months ,  i . e .  t h e  m a t e r i a l  was non-luminous, o n l y  

sporaddc  bombs o f  a  deep  r e d  glow were o b s e r v e d .  I n  t h e  b e g i n n i n g  



of  A p r i l  1964 l a v a  began t o  f l o w .  On A p r i l  9 t h  I obse rved  t h e  

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

The c o n d i t i o n s  were n o t  f a v o u r a b l e  f o r  a  t e m p e r a t u r e  measure- 

ment ,  b u t  my e s t i m a t e  was c l o s e  t o  9 0 0 ~ ~ .  On August 1 9 t h  I 

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

t e m p e r a t u r e  1 0 0 0 ~ ~ .  On October  1 5 t h  I g o t  1 0 7 0 - 1 1 0 0 ~ ~ .  On t h e  

same day I found 1 0 7 0 ~ ~  i n  a  l a v a  tongue a t  t h e  l a v a  f r o n t  900 m 

from t h e  c r a t e r  a l o n g  t h e  f low p a t h .  By t h r u s t i n g  a  thermocouple  

deep  i n t o  t h i s  tongue ,  S i g u r g e i r s s o n  o b t a i n e d  1 1 1 0 - 1 1 3 0 ~ ~ .  The 

d i f f e r e n c e  may b e  due t o  some s u r f a c e  c o o l i n g .  I n  l a t e r  s t u d i e s  

S i g u r g e i r s s o n  found t e m p e r a t u r e s  around 1 1 4 0 ~ ~  w i t h  a  thermo- 

c o u p l e  ( t h i s  r e p o r t ) .  

I t  would appear  from t h e s e  d a t a  ( F i g .  2 )  t h a t  t h e  l a v a  

t e m p e r a t u r e  i n c r e a s e d  v e r y  markedly from b e g i n n i n g  t o  t h e  end 

of  t h e  e r u p t i o n .  U n f o r t u n a t e l y ,  compar isons  w i t h  thermocouple  

s t u d i e s  a r e  n o t  p o s s i b l e  f o r  t h e  p e r i o d  where t h e  main r i se  

took p l a c e .  But t h e  pyrometer  o b s e r v a t i o n s  a r e  s u p p o r t e d  i n -  

d i r e c t l y  by a  s t u d y  o f  t h e  e r u p t e d  m a t e r i a l ,  c f .  111. 

11. V i s c o s i t y .  

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

methods were used:  I )  Lava-penet rometer ,  i . e .  a n  i r o n  s t i c k  

t h r u s t  i n t o  t h e  l a v a  ( c f .  - 1, p .  1 5 ) ;  2 )  V e l o c i t y  o f  f low;  

3 )  Waves i n  t h e  c r a t e r  l a k e .  The f i r s t  method was d i f f i c u l t  

t o  u s e  because  o f  t h e  g r e a t  f l u i d i t y  o f  t h e  l a v a .  A f t e r  s e v e r a l  

a t t e m p t s  I f i n a l l y  (Oct .  1 5 t h  1964) o b t a i n e d  a s  a  f a i r  measure 

o f  t h e  v i s c o s i t y  i n  a  l a v a  tongue a t  t h e  f r o n t  t h a t  t h e  s t i c k  

s i n k s  1 0  c m  i n  0 . 5  seconds  under i ts  own w e i g h t .  With t h e  

a s s i s t a n c e  o f  M r .  B r a g i  Arnason o f  t h e  U n i v e r s i t y  P h y s i c a l  

L a b o r a t o r y  t h i s  was found t o  cor respond  t o  a  v i s c o s i t y  of  

5 * 103 p o i s e s .  



For t h e  same l a v a  tongue t h e  formula f o r  t h e  v e l o c i t y  
2  4  v  = g  h  3 s i n @ / 2 7 ,  g i v e s  7 2x10 p o i s e s ,  w i t h  t h e  v a l u e s  

v  = 40 cm/17 s e c ;  o( = 5'; and e s t i m a t e d  d e p t h  h  = 2 5  c m .  The 

b r e a d t h  was 35  c m .  The v i s c o s i t y  found i n  t h i s  way is  probab ly  

a  l i t t l e  t o o  g r e a t ,  a s  forming of  c r u s t  w i l l  impede t h e  f low 

o f  s u c h  a  s m a l l  tongue .  

Dur ing my v i s i t  of  August 1 9 t h  1964 I obse rved  waves i n  

t h e  l a v a  pond. The pond was 10-12 m i n  d i a m e t e r  and su r rounded  

by p e r p e n d i c u l a r  w a l l s .  A t  a  c e r t a i n  s p o t  a r o s e  10-15 m h i g h  

f o u n t a i n s  i n  a  r a p i d  s u c c e s s i o n ,  t h i s  b e i n g  t h e  main e x i t  of 

g a s ,  o r  t h e  t o p  o f  t h e  f u n n e l .  Each t i m e  a  b i g  f o u n t a i n  a r o s e ,  

a  broad wave s t a r t e d  from t h e  s p o t  and moved towards  t h e  w a l l s ,  

Here t h e  l a v a  s u r f a c e  t h e n  r o s e  f o r  a s h o r t  t ime  by 2-3 m ,  

a f t e r  which t h e  s u r f a c e  became p l a i n  a g a i n .  There  was no 

r e f l e c t i o n  o f  t h e  wave, t h e  energy b e i n g  l o s t  t h r o u g h  t h e  

g r e a t  v i s c o s i t y .  B e s i d e  t h e  main e x i t  of  g a s ,  b i g  b u b b l e s  

exploded h e r e  and t h e r e i n  t h e  e n t i r e  pond l i k e  vapour  b u b b l e s  

i n  a  p o r r i d g e ;  t h e y  produced 1/2 - 1 m h i g h  g u s h e s ,  b u t  no waves 

were formed.  These  o b s e r v a t i o n s  s u g g e s t e d  a  method f o r  o b t a i n i n g  

t h e  v i s c o s i t y  i n  t h e  l a v a  pond. 

H. Lamb ( 2 ,  pp.  625-28) h a s  c o n s i d e r e d  t h e  i n f l u e n c e  of - 
v i s c o s i t y  on s u r f a c e  waves. With r = n/ = k i n e m a t i c  v i s c o s i t y ,  3' 
c = v e l o c i t y  o f  t h e  waves,  = wave l e n g t h ,  he d e f i n e s  a  number 

8 = 
2 T r  
c-h* Then t h e  t y p e  of  mot ion  c a n  be judged by t h e  r o o t s  

o f  t h e  e q u a t i o n  (x2 + 1 ) 2  = 16 g3*(x - $1. Two complex r o o t s  

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

r o o t s  a r e  a d m i s s i b l e  and may be  r e a l  o r  complex a c c o r d i n g  t o  

t h e  magnitude o f  Q .  For  a  low v a l u e  o f  t h e  v i s c o s i t y  and n o t  t o o  

s m a l l  w a v e l e n g t h s  8 is s m a l l .  The r o o t s  a r e  complex and g i v e  

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

d i s t a n c e  o f  t r a v e l .  I n  t h e  c a s e  of  a  ve ry  v i s c o u s  f l u i d ,  s u c h  

a s  t r e a c l e  o r  p i t c h ,  Q may be  l a r g e  even when t h e  wave-length 

is  c o n s i d e r a b l e .  The a d m i s s i b l e  r o o t s  a r e  t h e n  b o t h  r e a l .  One 

r o o t  r e p r e s e n t s  a  s low c r e e p i n g  of  t h e  f l u i d  towards  a  s t a t e  



o f  e q u i l i b r i u m  and t h e  o t h e r  r o o t  r e p r e s e n t s  a  wave d y i n g  o u t  

r a p i d l y .  Obvious ly  t h e  margin between p e r i o d i c  and a p e r i o d i c  

mot ion  i s  found where t h e  two r e a l  r o o t s  merge t o g e t h e r .  T h i s  

I found t o  occur  f o r  Q = 1 . 3 1 .  Hence wave mot ion  is found f o r  
27i-I- - = 1 . 3 1 ;  w i t h  c = (g  ;\/2~ii ) w e  g e t  r b  2 .61X 
c h  

3v2 ( c f .  F i g .  3 )  

o r  7 = 2 . 6 1 Q  h 3/2. The meaning o f  t h e  formula is: i n  a  f l u i d  of  

g i v e n  v i s c o s i t y ,  l o n g  p r o g r e s s i v e  waves a r e  p o s s i b l e ,  b u t  below 

a  c e r t a i n  wave-length,  g i v e n  by t h e  above c o n d i t i o n ,  no s u c h  waves 

a r e  p o s s i b l e .  Observ ing  t h e  s h o r t e s t  o c c u r r i n g  waves t h e n  g i v e s  

t h e  v i s c o s i t y .  

During my f i r s t  o b s e r v a t i o n  it was c l e a r  t h a t  t h e  o c c u r r i n g  

waves were of  t h e  o r d e r  of  a  ve ry  few m e t r e s .  A second t i m e ,  

October  1 5 t h ,  1964,  I was b e t t e r  p r e p a r e d  f o r  what t o  o b s e r v e  

and c o n d i t i o n s  were ve ry  f a v o u r a b l e ,  c f .  F i g .  4 .  The l a v a  r u s h e d  

up i n  f o u n t a i n s  a t  A ,  t h e n  f lowed w i t h  g r e a t  speed and i n  g r e a t  

q u a n t i t y  down a  low f a l l  F  i n t o  a  broad s t r e a m  S and t h e n  d i s -  

appeared  i n t o  t h e  t u n n e l  G.  Waves, 1 m h i g h  and 1-2 m b r o a d ,  

c o n t i n u a l l y  r u s h e d  down t h e  main s t r e a m  S .  A t  t h e  s i d e  o f  t h e  

main s t r e a m  was a  q u i e t  pond V ,  p a r t l y  s h e l t e r e d  from t h e  f a l l  

by t h e  promontory B. But e v e r y  now and t h e n  waves were formed 

a t  t h e  promontory and moved i n t o  t h e  pond. I obse rved  t h e  waves 

from C ,  i n  s h e l t e r  o f  t h e  narrow w a l l  a round t h e  c r a t e r .  The 

waves were c l o s e  t o  1 m broad and d i e d  o u t  a f t e r  a  t r a v e l  of  

1-2 m from B. S m a l l e r  waves were n o t  s e e n ;  l a r g e  g a s  b u b b l e s  

exploded h e r e  and t h e r e  i n  t h e  pond, and e s p e c i a l l y  i n  t h e  main 

s t r e a m ,  b u t  t h e y  n e v e r  caused wave mot ion .  Taking t h e  b r e a d t h  

o f  t h e  obse rved  wave t o  co r respond  t o  a  h a l f  wave-length,  we 
4 g e t  w i t h  g =  1 . 5  ( c f .  1 1 1 ) ,  = 1x10 p o i s e s .  A s  t o  t h e  s t a t e  

o f  t h i s  l a v a  c f .  111. T h i s  is probab ly  t h e  b e s t  v a l u e  f o r  t h e  

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

p robab ly  caused by t h e  advanced p o r o s i t y  of  t h e  l a v a  i n  t h e  

tongue - t h e  l a v a  was f o a m l i k e .  But a l l  methods a g r e e  a s  t o  

t h e  o r d e r  of magn i tude .  



111. Study o f  some t y p e s  o f  m a t e r i a l  produced i n  t h e  e r u p t i o n .  

D e s c r i p t i o n  o f  samples  from d i f f e r e n t  t i m e s  of t h e  e r u p t i o n :  

1 )  F a l l e n  on deck o f  t h e  Coas t  Guard v e s s e l  A l b e r t  a t  9  o ' c l o c k ,  

1 5 t h  Nov. 1963 (second day of t h e  e r u p t i o n )  when t h e  s h i p  

s a i l e d  under t h e  a s h  c l o u d .  The m a t e r i a l  c o n s i s t s  o f  s m a l l  

g l a s s  f r a g m e n t s  l e s s  t h a n  5  mm i n  d i a m e t e r ;  i n  t h i n  s e c t i o n  

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

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

p r a c t i c a l l y  unexpanded g l a s s ,  A l l  g r a i n s  s i n k  i n  w a t e r .  

Bulk d e n s i t y  o f  wa te r soaked  m a t e r i a l  1 . 4 .  The g l a s s  is  

a l l  of  a  s i n g l e  t y p e  i n  c o n t r a s t  t o  2 ) .  There  is a  f a i r  

amount of  l o o s e  c r y s t a l s  which is n o t  t h e  c a s e  i n  2 ) .  

2 )  F a l l e n  on deck o f  t h e  Coas t  Guard v e s s e l  A l b e r t  Nov. 1 6 t h .  

The m a t e r i a l  c o n s i s t s  mainly  o f  expanded i r r e g u l a r  s m a l l  

lumps, 1-2 c m  i n  d i a m e t e r .  About 1 / 1 3 t h  by weight  f l o a t s  

i n  w a t e r .  I n  e a c h  lump one r e c o g n i z e s  g e n e r a l l y  two o r  

t h r e e  t y p e s  o f  g l a s s :  a )  a  dark-grey  s k i n ,  1 mm t h i c k ;  

i t  is much c r a c k e d  and d i s t o r t e d  a s  a  r e s u l t  o f  e x p a n s i o n  

of  t h e  i n t e r i o r  of t h e  lump. But t h e  g l a s s  i n  t h e  s k i n  is 

devo id  o f  b u b b l e s .  C l e a r l y  t h e  s k i n  was formed by quenching 
.$ C of e a c h  lump b e f o r e  e x p a n s i o n  began.  b)  under  t h e  s k i n  is  

brown g l a s s  w i t h  f i n e  p o r e s .  Sometimes i t  o c c u p i e s  a l l  t h e  

i n t e r i o r ,  b u t  m o s t l y  t h e  c e n t r a l  p a r t  c o n s i s t s  of  c) much 

expanded g l a s s  o f  b l u i s h  l u s t r e ,  due t o  a x y d a t i o n  of  t h e  

i r o n ;  t h e r e  is  no s h a r p  l i m i t  between b )  and c ) .  

These  s m a l l  lumps of  pumice a r e  i n  p r i n c i p l e  s i m i l a r  t o  t h e  

much l a r g e r  b r e a d - c r u s t  bombs, which one c o u l d  o b s e r v e  i n  

t h e  Hekla e r u p t i o n  o f  1947-48 (1, - p .  5 4 ) .  Summarizing t h e  

g e n e s i s  o f  t h e  S u r t s e y  pumice o f  sample 2 )  we conc lude :  

B e f o r e  g a s  was r e l e a s e d ,  i . e .  under  c o n s i d e r a b l e  p r e s s u r e ,  

t h e  magma was s p l i t  i n t o  s m a l l  f r a g m e n t ,  mos t ly  below 1 crn 

a c r o s s .  The f r a g m e n t s  were t h e n  quenched on t h e  s u r f a c e  and 



i t  seems t h e  most l i k e l y  t h e o r y ,  c o n s i d e r i n g  l a t e r  

o b s e r v a t i o n s  o f  t h e  f l o w  of  l a v a  i n t o  t h e  s e a ,  t h a t  

s p l i t t i n g  and quenching took p l a c e  a t  t h e  sea-bottom 

( d e p t h  130 m ,  p r e s s u r e  1 4  a t m . ) .  A s  t h e  smooth s u r f a c e  of 

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

v i s u a l i z e  t h e  p r o c e s s  of  s p l i t t i n g  a s  s h a t t e r i n g  due t o  

r a p i d  uneven c o o l i n g .  Immediately a f t e r  f o r m a t i o n ,  t h e  

g r a i n s  come under  low p r e s s u r e ,  i. e .  they  were formed i n  a n  

e x p l o s i o n  and immedia te ly  thrown i n t o  t h e  a i r .  Coo l ing  of 

s u c h  s m a l l  g r a i n s  must be a  m a t t e r  of  a  v e r y  few m i n u t e s  a t  

mos t ,  b u t  s t i l l  t h e r e  was t i m e  f o r  e x p a n s i o n  o f  t h e  

i n t e r i o r  and f o r  o x y d a t i o n  of  t h e  i r o n .  The l a t t e r  f a c t  

is o f  s p e c i a l  i n t e r e s t .  

I n  my s t u d y  o f  t h e  Hekla bombs quoted  above ,  i t  was p o i n t e d  

o u t  t h a t  t h e  i n t e r n a l  o x y d a t i o n  was r e l a t e d  t o  t h e  d e c r e a s e  

of p r e s s u r e ,  b u t  because  of  t h e  s low c o o l i n g  of  t h e  v e r y  

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

was n o t  f u l l y  c l e a r .  Here we have a  magma which must have 

approached t h e  s u r f a c e  r e l a t i v e l y  s lowly  and i t  had been 

r e l e a s e d  of  most o f  t h e  o r i g i n a l  p r e s s u r e  (many thousand 

a tmospheres )  when i t  was s h a t t e r e d .  Y e t ,  i t  was i n  a  v e r y  

s h o r t  t ime  a f t e r  s h a t t e r i n g  and a f t e r  t h e  f i n a l ,  b u t  

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

p l a c e  t o g e t h e r  w i t h  r e l e a s e  of  g a s .  I t  i s  t h e r e f o r e  c l e a r  

t h a t  i t  is t h e  r e l e a s e  of g a s  which i s  t h e  d i r e c t  c a u s e  of 

t h e  o x y d a t i o n .  I t  i s  probab ly  t h e  l o s s  o f  hydrogen and t h e  

consequent  a v a i l a b i l i t y  of oxygen i n  t h e  m e l t  t h a t  oxyd ized  

t h e  i r o n .  

B e s i d e s  t h e  p r imary  f ragments  of  pumice, which we have d i s -  

c u s s e d ,  t h e r e  is i n  t h e  sample some amount o f  s u c h  unexpanded 

g r a i n s  a s  we found i n  1 ) .  These a r e  a lways  much worn. Most 

o f  t h e  l a t e r  m a t e r i a l  was worn, and we may remark a t  once  

t h a t  t h e  o r i g i n  of  t h e  wear ing  was obv ious :  t h e  g r e a t e r  p a r t  



o f  t h e  m a t e r i a l  which was thrown up i n  a n  e x p l o s i o n  dropped 

back i n t o  t h e  c r a t e r .  I t  was t h e r e f o r e  thrown o u t  many t i m e s  

and much worn i n  t h e  t u r b u l e n t  s e a  i n  t h e  c r a t e r  b e f o r e  it 

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

3 )  Sample t a k e n  by D r .  T h o r l e i f u r  E i n a r s s o n  c l o s e  t o  S u r t s e y  on 

Mov. 2 1 s t ,  1963.  Very f i n e - p o r o u s  t r a n s l u c e n t  g l a s s  con- 

t a i n l n g  a  c o n s i d e r a b l e  amount ( 10%) of  c r y s t a l s .  The 

b i g g e s t  g r a i n s  a r e  3-4 mm,  b u t  t h e  most common s i z e  is  

o n l y  0 . 0 5  m. Worn m a t e r i a l .  

4) Sample t a k e n  from a  c r a t e r  w a l l  on D e c .  1 6 t h ,  1963,  by 

P r o f e s s o r  T h o r b j o r n  S i g u r g e i r s s o n .  Bulk d e n s i t y  o f  d r y  

m a t e r i a l  1 . 2 0 ;  water-soaked 1 . 6 2  ( c o n t a i n e r  f i l l e d  w i t h  

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

u n t i l  a l l  is  soaked and t h e  wa te r  s t a n d s  a t  t h e  edge of  

t h e  c o n t a i n e r ,  g i v e s  t h e  second f i g u r e ) .  Average d e n s i t y  

o f  i n d i v i d u a l  g r a i n s  i s  t h e n  2 . 0 6 .  Washing c l e a n s  away 

18% o f  t h e  mass a s  f i n e  s i l t .  I n  t h e  remainder  a r e  g r a i n s  

mos t ly  i n  t h e  i n t e r v a l  1-8 mm; g r a i n s  of  3-8 mm g e n e r a l l y  

worn. 

On August 1 9 t h  1964 I took  t h e  t h r e e  f o l l o w i n g  samples  

from a  c r a t e r  w a l l  on t h e  e a s t  s i d e  o f  S u r t s e y .  The s e a  

had e roded  t h e  s o u t h e r n  h a l f  o f  t h e  c r a t e r  s o  t h a t  a  good 

sect i o n  was a v a i l a b l e ,  

5 )  Base o f  w a l l .  D e n s i t y  of  d r y  m a t e r i a l  1 . 3 6 ;  water-soaked 

1 . 7 2 .  Average d e n s i t y  o f  g r a i n s  2 . 1 1 .  Washing c l e a n s  away 

48% o f  f i n e s t  m a t e r i a l .  I n  r e m a i n d e r ,  d i a m e t e r s  of 1-3 mm 

most common, b u t  a  few g r a i n s  of  5-10 mm o c c u r .  G r a i n s  a l l  

e q u i d i m e n s i o n a l  and c o n s i d e r a b l y  worn. 

6 )  Layer  a t  6-8 m d e p t h  on i n n e r  s i d e  o f  c r a t e r ;  one o f  t h e  

c o a r s e r  l a y e r s  i n  t h e  s e c t i o n .  G r a i n s  of  5-20 mm common. 

D e n s i t y ,  d r y  1 . 3 0 ;  water -soaked 1 . 6 5 .  Average d e n s i t y  of  



g r a i n s  2 . 0 2 .  Washing c l e a n s  away 31% of  t h e  m a t e r i a l ;  t h e  

remainder  mos t ly  i n  i n t e r v a l  1-10 mm; e q u i d i m e n s i o n a l  

worn g r a i n s .  Higher l a y e r s  mos t ly  f i n e r  t h a n  6 ) ;  a l t e r -  

n a t i o n  o f  l a p i l l i  and l a y e r s  w i t h  s m a l l  bombs, i r r e g u l a r  

p i e c e s  o f  pumice and f r a g m e n t s  of s a n d s t o n e  from t h e  s e a  

bot tom.  Sample 7 )  is  t a k e n  from a  l a p i l l i  l a y e r .  

7)  D e n s i t y ,  d r y  1 . 2 4 ;  water-soaked 1 . 6 8 ;  a v e r a g e  d e n s i t y  of  

g r a i n s  2 . 2 0 .  Washing l e a v e s  86% of  m a t e r i a l ,  i n  t h e  i n t e r v a l  

1-10 mm; equ id imens iona l  and worn. C r y s t a l l a t i o n  o f  same 

d e g r e e  a s  i n  3 ) .  The samples  41,  51 ,  6 )  and 7 )  g i v e  ve ry  

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

m a t e r i a l  is 1 . 2 8  and t h e  a v e r a g e  f o r  g r a i n  d e n s i t y  is 2 . 1 0 .  

T h i s  g r a i n  d e n s i t y  c o r r e s p o n d s  t o  23.5% bubb le  volume i n  

t h e  a v e r a g e  g r a i n ,  i f  t h e  d e n s i t y  of  t h e  d e n s e  g l a s s  is 

t a k e n  a s  2 . 7 5 .  

I n  t h e  S u r t s e y  mound o f  g l a s s y  m a t e r i a l  a s  a  whole,  t h e  

m a t e r i a l  is c o n s i d e r a b l y  compressed and t h e  bu lk  d e n s i t y  

must b e  h i g h e r  t h a n  1 - 2 8 .  But i t  must be lower t h a n  2 . 1 0  
1 

and t h e  a v e r a g e  of t h e s e  f i g u r e s ,  1 . 6 9 ,  may be  t a k e n  a s  a  

r e a s o n a b l y  c o r r e c t  v a l u e .  To c o n v e r t  t h e  volume of  t h e  

mound i n t o  volume of  compact g l a s s  of  d e n s i t y  2 . 7 5  we 

must t h e n  m u l t i p l y  by t h e  f a c t o r  1 . 6 9 1 2 . 7 5 ,  

A s  a  c r u d e  measure o f  t h e  mound I t a k e  h e r e  a  cone  w i t h  

30° s i d e  i n c l i n a t i o n ;  h e i g h t  130 m below and 3 0  m above 

s e a - l e v e l ;  a r e a  of  s e c t i o n  a t  s e a - l e v e l  2  km2. The volume 

is t h e n  0 .395 km3, c o r r e s p o n d i n g  t o  dense  g l a s s  o f  0 .243 km3. 

T h i s  is  a b o u t  60% o f  H e k l a 9 s  p r o d u c t i o n  i n  t h e  e r u p t i o n  o f  

1947-48. I t  must be emphasized t h a t  t h e  assumed geometry 

of  t h e  mound is an i d e a l i z a t i o n .  

$1 On O c t .  1 5 t h  1964 I took some samples  of s p a t t e r s  which had 

r e c e n t l y  been thrown o v e r  t h e  r i m  o f  t h e  c r a t e r  i n  f ~ u n -  

t a i n  a c t i v i t y .  The d e n s i t y  o f  two p i e c e s  w i t h  a weight  o f  



413 g  i s  1 . 4 2  and o f  two o t h e r  p i e c e s  of weight  372 g  is 

1 . 4 3 .  I n  t h e  2-4 c m  t h i c k  s p a t t e r s  t h e  p o r o s i t y  i s  

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

and t h e  expanded i n t e r i o r  h a s  t h e  c h a r a c t e r i s t i c  b l u e  

l u s t r e  due t o  h i g h e r  o x y d a t i o n  of i r o n .  I n  a  t h i n  s l i d e  

a c r o s s  a  2-3 c m  t h i c k  s p a t t e r  t h e  p o r e s  a r e  0,15-1.05 rnm 

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

t o  3-4 mm i n  t h e  c e n t r e .  A p r o b a b l e  f i g u r e  f o r  t h e  d e n s i t y  

of  t h e  o r i g i n a l  s p a t t e r  is 1 . 5  which c o r r e s p o n d s  t o  a  p o r e  

volume of  45%, o r  a b o u t  t w i c e  t h e  v a l u e  found f o r  t h e  

m a t e r i a l  o f  t h e  e a r l y  e x p l o s i v e  phase  of  t h e  e r u p t i o n .  T h i s  

s u g g e s t s  a n  e a s i e r  expans ion  of  t h e  g a s  b u b b l e s ,  due t o  

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

e r u p t  i o n .  

The s p a t t e r  i s ,  f u r t h e r m o r e ,  crowded w i t h  c r y s t a l s ;  a  

measurement by S .  S t e i n t h o r s s o n  gave 60% g l a s s ,  27% f e l d -  

s p a r ,  and 13% o l i v i n e .  The o l i v i n e  c r y s t a l s  a r e  u s u a l l y  

much t h i c k e r  t h a n  t h e  g l a s s  w a l l s  between t h e  b u b b l e s  and 

i t  is  a l s o  c l e a r  f o r  t h e  f e l d s p a r  t h a t  i t  must have e x i s t e d  

i n  t h e  m e l t  i n  t h e  c r a t e r .  There  a r e  no s u c h  c r y s t a l l i t e s  

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

i t s e l f .  Thus we may s a f e l y  conc lude  t h a t  t h e  magma is 

a l r e a d y  40% c r y s t a l l i z e d  when i t  a p p e a r s  i n  t h e  c r a t e r .  

T h i s  is 3-4 t i m e s  t h e  amount of c r y s t a l s  found i n  t h e  g l a s s  

of t h e  e x p l o s i v e  p h a s e ,  which may be  a n  i n d i c a t i o n  o f  

d i f f e r e n c e  i n  v i s c o s i t y .  From t h e  p o i n t  of  view o f  v i s c o s i t y  

we s e e  t h a t  t h e  f l u i d  we a r e  d e a l i n g  w i t h  i s  very  s p e c i a l :  

g a s  b u b b l e s  make o u t  one h a l f  of  t h e  volume, w h i l e  t h e  o t h e r  

h a l f  is  n e a r l y  e v e n l y  d i v i d e d  between a  f l u i d  m e l t  and 

l o o s e  f l o a t i n g  c r y s t a l s .  

The h i g h  d e g r e e  of  c r y s t a l l i z a t i o n  h a s  a l s o  a  c l e a r  r e -  

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

is a b o u t  90  c a l / g  and t h e  s p e c i f i c  h e a t  is a b o u t  0 . 2 5 .  

Complete c r y s t a l l i z a t i o n ,  t h e r e f o r e ,  r e l e a s e s  h e a t  which 



would s u f f i c e  f o r  r a i s i n g  t h e  t e m p e r a t u r e  by 3 6 0 ' ~ .  By 

t h e  40% c r y s t a l l i z a t i o n  of  t h e  r i s i n g  magma t h e  tempera-  

t u r e  might  r i s e  143O i f  no h e a t  was l o s t ,  S. S t e i n t h o r s s o n  

( t h i s  r e p o r t )  found t h a t  t h e  o l i v i n e  was a b o u t  t h e  same i n  

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

i n  t h e  27% o f  f e l d s p a r  found i n  t h e  s p a t t e r .  T h i s  d i f f e r e n c e  

i n  c r y s t a l l i z a t i o n  c o r r e s p o n d s  t o  a  d i f f e r e n c e  i n  tempera-  

t u r e  o f  a b o u t  1 0 0 ~ ~ .  I t  i s  most l i k e l y  t h a t  t h e r e  was no 

t ime  f o r  l o s s  o f  t h e  h e a t  r e l e a s e d  by c r y s t a l l i z a t i o n  and 

t h a t  o f  t h e  1 1 4 0 ~ ~  measured i n  t h e  l a v a ,  a b o u t  loo0 wepe 

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

r i s e  o f  t h e  magma. The t e m p e r a t u r e  "proper"  o f  t h e  magma 

would t h e n  have  been n e a r  1 0 4 0 ~ ~ .  We t h e n  a r r i v e  a t  t h i s  

p i c t u r e :  I n  t h e  b e g i n n i n g  of  t h e  e r u p t i o n  t h e  magma r e a c h i n g  

t h e  s u r f a c e  o f  t h e  e a r t h s  c r u s t  was p robab ly  r a t h e r  c o o l  

due t o  l o s s  o f  h e a t  t o  t h e  c o l d  w a l l s  o f  t h e  f r a c t u r e ,  The 

t e m p e r a t u r e  may have been c o n s i d e r a b l y  below 900°c, p o s s i b l y  

even a s  low a s  7 0 0 ~ ;  t h e  t e m p e r a t u r e  a c t u a l l y  found i n  

e x p l o d i n g  bombs. A t  t h i s  t i m e  t h e  m e l t  was t o o  v i s c o u s  f o r  

any c r y s t a l l i z a t i o n  t o  t a k e  p l a c e  i n  t h e  r i s i n g  magma. 

Slowly t h e  e r u p t e d  magma became h o t t e r  a s  t h e  l o s s  o f  h e a t  

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

phase  t h e  change was s m a l l .  

The e r u p t i o n  changed o v e r  t o  e f f u s i o n  a s  a  r e s u l t  of  

b l o c k i n g  o f  sea-water  and t h e  t e m p e r a t u r e  a p p e a r s  t o  have 

been s t i l l  a s  low a s  9 0 0 ~ ~  a t  t h a t  j u n c t i o n .  But now gradu-  

a l l y  a  c e r t a i n  c h a i n  r e a c t i o n  b e g i n s  t o  work: i n c r e a s e  of  

t e m p e r a t u r e  l o w e r s  t h e  v i s c o s i t y ,  which i n c r e a s e s  c r y s t a l -  

l i z a t i o n ;  t h i s  i n  t u r n  r a i s e s  t h e  t e m p e r a t u r e  and s o  o n .  

There  a r e  i n t e r e s t i n g  a s p e c t s  of  g e n e r a l  i n t e r e s t  i n  t h i s  

p r o c e s s  i n  a  r i s i n g  undercooled  magma. Suppose t h e  o r i g i n a l  

magma t e m p e r a t u r e  is  1200'. Small  amount o f  c r y s t a l l i z a t i o n  

r a i s e s  t h e  t e m p e r a t u r e  t o  1250° and t h i s  t e m p e r a t u r e  w i l l  



b l o c k  f u r t h e r  c r y s t a l l i z a t i o n ,  s o  t h e  p r o c e s s  c a n n o t  go 

f u r t h e r .  I n  a n o t h e r  example t h e  a r i g i n a l  t e m p e r a t u r e  be  

900°. Then i t  a p p e a r s  t h a t  t h e  p r o c e s s  c a n  r u n  t o  s u c h  a  

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

and t h e  p r o c e s s  s t o p s  t h e  e r u p t i o n .  I n  a  m e l t  o f  i n t e r -  

m e d i a t e  t e m p e r a t u r e  t h e  p r o c e s s  seems t o  be  o f  impor tance .  

I V .  Flow of l a v a  i n t o  t h e  s e a .  

S e v e r a l  c a s e s  e x i s t  i n  I c e l a n d  where i t  is e i t h e r  known o r  

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

w a t e r  and no ve ry  marked e f f e c t  o f  t h e  w a t e r  i s  d i s c e r n a b l e .  One 

f i n d s ,  i t  is  t r u e ,  one  p e c u l d a r i t y :  d i s t o r t i o n s  and g r e a t  c r a c k s  

t h a t  s u g g e s t  some havoc p i a y e d  by s team.  I n  my f i r s t  s t u d y  of  t h e  

l a v a  i n  S u r t s e y  I found j u s t  such  p e c u l i a r i t i e s  where s e a  e r o s i o n  

had opened a c c e s s  t o  t h e  i n t e r i o r  o f  a  l a v a  f l o w .  On March 2 0 t h ,  

1965, I obse rved  l a v a  f l o w i n g  i n t o  t h e  s e a  and saw how it  was 

c o m p l e t e l y  s p l i t  up i n t o  s m a l l  f r agments  on c o n t a c t  w i t h  t h e  

w a t e r .  A 1 m broad tongue  f lowed p r e t t y  r a p i d l y  down t o  t h e  beach 

d u r i n g  r e t r e a t  of t h e  s e a .  The n e x t  wave o v e r r a n  t h e  f r o n t a l  p a r t  

o f  t h e  tongue and changed it comple te ly  i n t o  s m a l l  f r a g m e n t s  t h a t  

r a n  down t h e  beach w i t h  t h e  backwash. I n  t h i s  way t h e  l a v a  was 

c o n s t a n t l y  c u t  o f f  a t  t h e  beach ,  b e i n g  changed i n t o  g l a s s  f r a g -  

ments  which t h e  waves c a r r i e d  a l o n g  t h e  s h o r e .  P a r t  o f  t h i s  

m a t e r i a l  formed a n  8-12O s t e e p  "sand" beach a l o n g  c l i f f s  o f  t h e  

i s l a n d ,  and much o f  it was t r a n s p o r t e d  f a r t h e r  t o  g a t h e r  a s  a  

b road  f l a t  on t h e  w e s t e r n  p a r t  of t h e  i s l a n d .  

I n  f r o n t  of  t h e  "sand" beach,  o n t o  which t h e  l a v a  was 

f l o w i n g ,  t h e r e  was a  40-45O submarine s l o p e ,  p robab ly  main ly  

"sand".  I t  is t h e n  c l e a r  t h a t  a t  l e a s t  i n  some c a s e s  t h e  t h e o r y  



p r e s e n t e d  f i r s t  by F u l l e r  ( 3 , 4 ) * i s  - - v e r i f i e d :  t h e  l a v a  e n t e r i n g  

wa te r  f i r s t  b u i l d s  a  " d e l t a q q  of  f o r e s e t  l a y e r s  o f  f r a g m e n t a l  

m a t e r i a l  on which i t  t h e n  g r a d u a l l y  p r o c e e d s  a s  i f  on d r y  l a n d .  

F o r e s e t  beds  of  b r e c c i a  covered  d i r e c t l y  by a  c a p  of l a v a s  a r e  

q u i t e  common i n  t h e  v o l c a n i c  b r e c c i a s  of  I c e l a n d  (5,6). - - Although 

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

some s i m i l a r i t y  of  o r i g i n  may b e  assumed. 

V. Some g e n e r a l  r emarks  on t h e  r e l e a s e  o f  magmatic g a s  and 

r e s u l t i n g  changes  i n  i t s  c o m p o s ~ t i o n .  

The multi-component g a s  g i v e n  o f f  by a  magma, and sampled 

f o r  a n a l y s i s ,  must g e n e r a l l y  be  expec ted  t o  have a  compos i t ion  

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

t h e  magma, due t o  t h e  c o m p l i c a t i o n s  s f  t h e  p r o c e s s  of  g a s  r e l e a s e .  

To a n a l y z e  t h i s  p r o c e s s  one  must c o n s i d e r ,  on one hand,  how t h e  

g a s  i n  g e n e r a l  is  g i v e n  o f f ,  on t h e  o t h e r  hand,  s t u d y  t h e  d i f f e r -  

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

p o n e n t s .  Of some o f  t h e  r e l e v a n t  f a c t o r s  i n  t h i s  p r o c e s s  w e  have 

a  f a i r  i d e a ,  o t h e r s  a r e  q u i t e  unknown. 

* P'A f l u i d  l a v a  on e n c o u n t e r i n g  a  l o c a l  body o f  wa te r  would 
t e n d  t o  g r a n u l a t e  l i k e  mol ten  s l a g  and would t h u s  form a  
f i n e  b r e c c i a ,  which would accumula te  t o  a  d e p t h  a p p r o x i -  
m a t e l y  e q u a l  t o  t h a t  of  t h e  w a t e r .  The f i n e  b r e c c i a  
would s e t t l e  u n t i l  i ts s u r f a c e  a t t a i n e d  a n  a n g l e  o f  r e p o s e  
which ,  owing t o  t h e  r o u g h n e s s  of  t h e  f r a g m e n t s ,  would b e  
r e l a t i v e l y  s t e e p .  I f  t h e  mol ten  c a s c a d e  c o n t i n u e d  t o  
pour o u t  i n t o  t h e  w a t e r ,  t h e  accumula t ion  o f  g r a n u l a t e d  
g l a s s  would g r a d u a l l y  advance  l i k e  t h e  f o r e s e t  bedding of 
a  d e l t a .  The i n c l i n e d  bedd ing  would be p r e s e r v e d  by t h e  
t h i n  s h e e t s  and t h e  ropy o r  e l l i p s o i d a l  masses ,  which 
f a i l e d  t o  g r a n u l a t e .  Except  f o r  t h e  p o s s i b l e  e f f e c t s  o f  
r i s i n g  s t eam,  t h e  f l o w  would g r a d u a l l y  advance on t o p  of  
t h e s e  f o r e s e t  beds  a s  i f  on d r y  landg' .  



We c o n s i d e r  f i r s t  t h e  r e l e a s e  o f  g a s  i n  g e n e r a l .  The 

o b s e r v a t i o n  mentioned i n  111, 3 ,  concern ing  t h e  unexpanded 

c r u s t  o f  pumice, i n d i c a t e s  t h a t  when t h e  magma m e t  t h e  sea -  

w a t e r ,  p robab ly  a t  a  d e p t h  of  130 m ,  i . e .  under a  p r e s s u r e  of 

1 4  a tmospheres ,  g a s  r e l e a s e  by bubble-format ion had n o t  begun. 

Th i s  p r e s s u r e  co r r e sponds  t o  t h e  weight  o f  a  50-65 m h igh  column 

of magma t h a t  is more o r  less porous .  We may t h e n  expec t  t h a t  

l a t e r ,  when t h e  l a v a  had a  f r e e  s u b a e r i a l  s u r f a c e  i n  t h e  c r a t e r ,  

g a s  r e l e a s e  by bubb le  f o rm a t ion  took p l a c e  on ly  i n  t h e  uppermost 

50 m o r  s o  o f  t h e  l a v a  column. The extreme f i n e n e s s  of t h e  

bubb les  ( l ess  t h a n  1 mm) i n  t h e  s p a t t e r  s t u d i e d  (111,  8) might 

even s u g g e s t  - t h a t  t h e  bubb les  began t o  form a t  a  much sha l l ower  

dep th ;  o t h e r w i s e  t h e  bubb les  would have expanded due t o  d e c r e a s e  

of  p r e s s u r e .  

Such s m a l l  bubb l e s  a r e  i n c a p a b l e  o f  r i s i n g  i n d i v i d u a l l y  
4  i n  a  m e l t  o f  v i s c o s i t y  1 0  p o i s e s :  t hey  move p a s s i v e l y  w i t h  

t h e  r i s i n g  magma ( a  bubble  of  1 mm d i ame te r  needs  abou t  2 hours  

t o  r i se  1 c m  t h rough  t h e  m e l t ;  S t okes  l aw) .  I t  is on ly  o r  mainly 

where d i f f e r e n t i a l  o r  s h e a r i n g  movement t a k e s  p l a c e  i n  t h e  magma 

t h a t  b u b b l e s  may c o a l e s c e  and form l a r g e r  bubb l e s  t h a t  a r e  

c a p a b l e  o f  marked r e l a t i v e  r i s e ;  such  bubb l e s  may be  s een  t o  

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

i n  E i n a r s s o n  1949,  pp, 9-15). Foun t a in  a c t i v i t y  must be con- 

s i d e r e d  a s  due  t o  t h e  b u r s t i n g  o f  such  bubb l e s .  These l a r g e  

bubb les  may be s a i d  t o  be  o f  a  second g e n e r a t i o n ,  w h i l e  t h e  

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

and pr imary g e n e r a t i o n  c o n s i s t s  of  a  dense  network o f  - ve ry  s m a l l  

bubb l e s ,  chang ing  t h e  magma i n t o  a  sponge.  T h i s  a f t e r  a l l  is 

t h e  normal p r o c e s s  of  g a s  r e l e a s e  from a n  o v e r s a t u r a t e d  f l u i d .  

I f  t h e  g a s  r e l e a s e  cou ld  be impeded u n t i l  t h e  magma was ve ry  

much s u p e r s a t u r a t e d ,  i . e ,  u n t i l  t h e  p r e s s u r e  had f a l l e n ,  s ay  

t o  a tmosphe r i c  p r e s s u r e ,  t h e  p r o c e s s  of  r e l d a s e  would be r a t h e r  

e x p l o s i v e  and t h e  r e l e a s e  would t a k e  p l a c e  i n t o  t h e  f r e e  atmos- 

phere  and n o t  i n t o  t h e  ' c losed  s p a c e s  o f  t h e  s m a l l  bubb les .  



Analogy t o  g e y s e r  a c t i v i t y ,  where t h e  wa te r  b o i l s  e x p l o s i v e l y  

a f t e r  s u p e r h e a t i n g ,  would t h e n  be  ve ry  c l o s e .  But s u c h  a  p r o c e s s  

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

s t a t e  of t h e  m a t e r i a l  thrown o u t  i n  f o u n t a i n s ;  e x p l o s i v e  r e l e a s e  

of  g a s  t h r o u g h o u t  a  mass would produce  a  d i f f e r e n t  t y p e  of  m a t e r i a l . _  

The main r e l e a s e  o f  g a s e s  from t h e  r i s i n g  magma t h e n  t a k e s  

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

l a t e r  a t  a  g r a d u a l l y  lower p r e s s u r e ,  and i t  is  t h i s  g a s  t h a t  

becomes a v a i l a b l e  f o r  a n a l y s i s .  

I f  t h e  s o l u b i l i t i e s  o f  t h e  g a s  components were a l l  e q u a l  

t h e n  t h e  f r e e  phase  i n  t h e  b u b b l e s  and t h e  d i s s o l v e d  phase  would 

have t h e  same c o m p o s i t i o n ,  T h i s  i s  a t  any r a t e  t r u e  i f  t h e  g a s  

volume is  a s m a l l  p a r t  of  t h e  m e l t .  But f o r  a  Barge g a s  volume 

i t  is n o t  t r u e ;  v e r y  s p a r s e  components w i l l  t h e n  have a  l e s s  

p e r c e n t a g e  i n  t h e  f r e e  phase  t h a n  t h e y  had o r i g i n a l l y  i n  t h e  

d i s s o l v e d  p h a s e ,  

I f  on t h e  o t h e r  hand t h e  s o l u b i l i t i e s  a r e  d i f f e r e n t  f o r  

t h e  v a r i o u s  components ,  and t h i s  must be  assumed t o  b e  t h e  c a s e ,  

t h e n  t h e  f r e e  p h a s e  w i l l  be  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  

o r i g i n a l  d i s s o l v e d  phase ,  whether  t h e  g a s  volume is  s m a l l  o r  

l a r g e .  We do n o t  know $he s o l u b i l i t i e s  and a n  e x a c t  c a l c u l a t i o n  

o f  t h i s  d i f f e r e n c e  c a n n o t ,  t h e r e f o r e ,  be made. But f o r  s a k e  of 

d e m o n s t r a t i o n  o f  t h e  e f f e c t  w e  s h a l l  choose  some a r b i t r a r y  

f i g u r e s  . 
We s h a l l  f i r s t  c o n s i d e r  a  s t a g e  where t h e  volume of  t h e  

b u b b l e s  is 5% o f  t h e  magma and t h e  p r e s s u r e  is  assumed t o  b e  

1 0  a tmospheres  which  seems r e a l i s t i c .  The s t a g e  i s  assumed t o  

l a s t  l o n g  enough f o r  e q u i l i b r i u m  between t h e  two p h a s e s  of g a s  

t o  be r e a c h e d ,  I n  t h e  f r e e  phase  t h e  g a s  is assumed t o  have t h e  

f o l l o w i n g  c o m p o s i t i o n  i n  mole p e r c e n t a g e s :  H20 80%; SO2 5%; 

C02 8.8%; % 6%; A 0.2%.  Argon i s  a r b i t r a r i l y  i n c l u d e d  because  

o f  i ts  i n t e r e s t  i n  c o n n e c t i o n  w i t h  t h e  K/A d a t i n g  method. 



We nex t  assume t h a t  t h e  wa te r  c o n t e n t  o f  t h e  magma is 0.4% 

by Weight,  i n  e q u i l i b r i u m  w i t h  t h e  p a r t i a l  p r e s s u r e  8 atm. of  t h e  

vapour i n  t h e  bqbb l e s .  1 cm3 of t h e  mel t  t h e n  c o n t a i n s  54  c m 3  of  
0 

vapour ,  reduced t o  1 atm. and a  t empe ra tu r e  o f  1150 C ,  and t h e  
3  co r r e spond ing  s o l u b i l i t y  f o r  1 a t m . p a r t i a 1  p r e s s u r e  is  6 . 7 5  c m  . 

For t h e  o t h e r  g a s e s  we have no d a t a  and w e  must s e l e c t  

a r b i t r a r y  f i g u r e s .  The s o l u b i l i t y  i n  wa te r  a t  2 0 ' ~  and 1 atm. is 

SO2 3 9 . 4  cm3/cm3; C02 0 .878 c m 3 ;  % 0.0184;  A 0 .037 cm3.  We s h a l l  

t e n t a t i v e l y  assume t h a t  f o r  t h e  magma, and reduced t o  1 atm. and 

1150°c, t h e  s o l u b i l i t i e s  a r e  i n  a l l  c a s e s  1/5 o f  t h e  above v a l u e s .  

A s  t h e  p a r t i a l  p r e s s u r e s  i n  t h e  g a s  phase  a r e  g i v e n ,  we can f i n d  

t h e  g a s  d i s s o l v e d  i n  t h e  m e l t :  H20 54  cm3/cm3;  SO2 3 . 9 4  cm3;  

CO2 0.155;  H2 0 .0022;  A 0.00015.  

To t h e s e  amounts w e  now have t o  add t h e  f r e e  phase .  The 

q u a n t i t y  pe r  cm3 is m u l t i p l i e d  by 1 0  t o  r educe  t o  1 atm. p r e s s u r e ,  

and by t h e  f a c t o r  5/95 a s  t h e  g a s e s  a r e  5% of t h e  magma. We t h e n  

g e t  t h e  a d d i t i o n s :  H z 0  0.42 c m 3  g i v i n g  a  t o t a l  o f  54 .42 cm3; 

SO2 0 .0263,  t o t a l  3.9i7; C02 0 .0463 ,  t o t a l  0 .201;  H2 0 .0316,  t o t a l  

0 .0338;  A 0.0011,  t o t a l  0.00125.  The o r i g i n a l  p e r c e n t a g e s  a r e  

t h u s  i n  t h e  same o r d e r :  92 .7 ;  6.76;  0 . 34 ;  0 .058;  0.0021.  

The d i f f e r e n c e  between t h i s  and t h e  r e l e a s e d  g a s  is ve ry  

marked. I n  t h e  p r o c e s s  ve ry  l i t t l e  o f  t h e  wa te r  and SO2 has  been 

f r e e d ,  b u t  23% of  t h e  C02 ,  93.5% of H2 and 88% of  A .  

We now assume t h a t  t h e  magma p a r t  cons ide r ed  rises c l o s e  

t o  t h e  s u r f a c e .  The bubble  volume w i l l  i n c r e a s e  by a  f a c t o r  of  

1 0 ,  due t o  Change o f  p r e s s u r e ,  and become 34.5% o f  t h e  magma 

volume. A t  the  same t ime f u r t h e r  g a s  w i l l  be r e l e a s e d  and we 

assume a  s t a g e  w i t h  50% g a s  volume under a  p r e s s u r e  o f  1 atm. 

and e q u i l i b r i u m  between t h e  d i s s o l v e d  and f r e e  phase s .  The f r e e  

g a s  is cons ide r ed  t o  have t h e  same compos i t ion  a s  i n  t h e  f i r s t  

c a s e .  The g a s  pe r  c m 3  of m e l t  is  now i n  each  c a s e  l / l O t h  of what 

i t  was i n  t h e  f i r s t  c a s e ,  assuming v a l i d i t y  of  Henry 's  law. We 

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



mel t :  91; 6 .52 ;  1 . 9 2 ;  0 . 88 ;  and 0 .03.  The f o l l o w i n g  amount of 

t h e  o r i g i n a l  g a s  was r e t a i n e d  i n  t h e  mel t :  H20 87%; SO2 89%; 

CO2 15%; H2 0.37%; and A 0.75%. 

The g a s e s  t h a t  f i n a l l y  l e a v e  t h e  m e l t ,  and e v e n t u a l l y  a r e  

sampled f o r  a n a l y s i s ,  w i l l  be a  m ix tu r e  o f  g a s e s  r e l e a s e d  a t  

v a r i o u s  d e p t h s ,  and would t h e n  cor respond  t o  i n t e r m e d i a t e  con- 

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

A s  a  g e n e r a l  r u l e  i t  i s  c l e a r  t h a t  s m a l l  components o f  low 

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

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

o u t  o f  i t ,  no p a r t i a l  p r e s s u r e  w i l l  be b u i l t  up a s  t h e  g a s e s  a r e  

ca r r i e 'd  away i n  t h e  a tmosphere ,  and t h e  g a s  c o n t e n t  of  t h e  magma 

shou ld  d e c r e a s e  e x p o n e n t i a l l y  w i t h  t i m e .  But t h i s  p r o c e s s  is 

c e r t a i n l y  much slower t h a n  t h e  e x p u l s i o n  by means of  bubb le  

f o rma t ion  and canno t  c o n t r i b u t e  markedly t o  sampled g a s e s .  But 

i n s o f a r  it d o e s ,  t h e  d i f f u s i v i t y  of  t h e  v a r i o u s  g a s  components 

must i n f l u e n c e  t h e  p e r c e n t a g e s .  

In  summary, t h e  g a s e s  beg in  t o  be r e l e a s e d  a s  dense ly  s e t  

v e r y  s m a l l  bubb l e s  a t  a  d e p t h  o f  50 m o r  l e s s  i n  t h e  r i s i n g  magma. 

The s u r f a c e  o f  t h e  bubb l e s  be ing  r e l a t i v e l y  l a r g e ,  e q u i l i b r i u m  - 

may be  e s t a b l i s h e d  between t h e  f r e e  and d i s s o l v e d  phase s .  A s  t h e  

h y d r o s t a t i c  p r e s s u r e  d e c r e a s e s ,  t h e  bubb les  expand,  p a r t l y  wi th -  

o u t  and p a r t l y  due t o  f u r t h e r  i n t a k e  o f  g a s .  I n  s m a l l  bubb l e s  

e q u i l i b r i u m  between t h e  g a s  phases  may perhaps  be e s t a b l i s h e d  

n e a r  t h e  s u r f a c e  b u t  f o r  l a r g e r  bubb les ,  t h a t  have been formed by 

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

T h e i r  g a s  w i l l  t h e r e f o r e  be r e p r e s e n t a t i v e  o f  e q u i l i b r i u m  a t  a  

g r e a t e r  dep th .  I n  sampled g a s  t h e  components o f  low s o l u b i l i t y  

w i l l  be g r e a t l y  e n r i c h e d  i n  r e l a t i o n  t o  t h e  o t h e r  components.  
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Geophysica 1 Measurements i n  Sur t s e y  Ca r r i ed  Out 

During t h e  Year of 1965 

Thorbjorn S igu rge i r s son  
Un ive r s i t y  of I ce l and ,  Phys i ca l  Laboratory 

Geomagnetic f i e l d  measurements. 

Repeated measurements a t  t h e  two f i x e d  magnetic s t a t i o n s ,  

Su r t s ey  I (20' 36 '  30" 1 ,  63O 18' 22" N) and Sur t sey  I1 ( 2 0 ~ 3 6 ' 3 0 "  W, 

63O 18 '  32" N), have given t h e  folJowing r e s u l t s :  

Su r t s ey  I 

Date U . T .  F ( $ )  H ( r )  Z ( r )  D 

1964,  Aug. 19 14:45 51487 

1964, Sep t .  12 10:50 51453.3 12784.8 49839.7 336O 1 9 ' . 1  

1965, March 1 4  10:30 51387.4 

1965, Sep t .  4 17:OO 51404.2 12824.8 49779.3 336O 0 1 ' . 4  

Su r t s ey  I1 

Date U . T .  F ( r )  H ( x )  z(( '6) D 

1964, Sep t .  12 13:30 51461.9 12848.2 49832.5 336O 44 ' .  8 

1965, March 14  9:55 51453.2 

. 1965, Sep t .  4 14:26 51569.7 

Simultaneous f i e l d  va lues  have been r ead  from t h e  r e c o r d i n g s  

of Leirvogur Magnetic Observatory.  The d i f f e r e n c e s  i n  magmetic 

f i e l d  components a r e  t h e  fo l lowing:  



Date  

S u r t s e y  I 1964 ,  Aug. 19 

1964 ,  S e p t .  12 

1965 ,  March 1 4  

1965 ,  S e p t .  4 

S u r t s e y  11 1964,  S e p t ,  12 

1965 ,  March 1 4  

1965 ,  S e p t .  4  

The r e s u l t s  a t  S u r t s e y  I1  show no i n d i c a t i o n  o f  a  changing 

magne t i c  f i e l d .  The c l o s e s t  d i s t a n c e  t o  t h e  l a v a  i s  h e r e  400-500 m e  

A t  S u r t s e y  I t h e r e  is a  c o n t i n u o u s  change i n  t h e  magne t i c  f i e l d .  

The p l a c e  i s  on t h e  t e p h r a  f o r m a t i o n  o n l y  100 m from t h e  edge  o f  

t h e  l a v a  and 200 rn from t h e  l a v a c r a t e r .  The d e c r e a s e  i n  t o t a l  

f i e l d  i n t e n s i t y  is  caused  by i n c r e a s i n g  m a g n e t i z a t i o n  of  t h e  l a v a  

due  t o  c o o l i n g .  T h i s  d e c r e a s e  is shown g r a p h i c a l l y  i n  F i g .  1. 

The map on F i g .  2  shows t h e  l o c a t i o n  o f  magnet ic  p r o f i l e s  

measured w i t h  a  p r o t o n  p r e c e s s i o n  magnetometer .  P r o f i l e  d e s i g n a t i o n s  

a r e  i n  c o n t i n u a t i o n  o f  t h ~ s e  r e p o r t e d  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  

Q S u r t s e y  Resea rch  P r o g r e s s  Repor t  I). 

F i g .  3 shows t h e  magne t i c  f i e l d  i n t e n s i t y  a l o n g  p r o f i l e  D, 

T h i s  p r o f i l e  s t a r t s  i n  a n  e a r l y  c r a t e r  j u s t  o u t s i d e  t h e  edge  of  

t h e  l a v a s t r e a m .  The low f i e l d  i n t e n s i t y  a t  t h e  beg inn ing  of t h e  

p r o f i l e  is caused by t h e  edge o f  t h e  l a v a .  The e x t e n s i v e  minimum 

n e a r  t h e  w e s t e r n  end o f  t h e  p r o f i l e  may be  due  t o  h e a t i n g  from 

f l o w i n g  l a v a  a l t h o u g h  i t  is  n o t  v i s i b l e  a t  t h e  s u r f a c e .  The h i g h  

v a l u e  a t  t h e  w e s t e r n  end of t h e  p r o f i l e  is due t o  t h e  f a c t  t h a t  

i t  is on t h e  t o p  o f  a  c l i f f .  

P r o f i l e  E,  shown i n  F i g .  4 ,  was measured on March 3 from a 

r u b b e r  b o a t ,  The r o u t e  r u n s  from e a s t  t o  wes t  abou t  300 m from t h e  

s o u t h e r n  c o a s t  o f  S u r t s e y  w i t h o u t  any a c c u r a t e  p o s i t i o n i n g .  The 

d e p t h  a l o n g  t h e  r o u t e  is n o t  known a c c u r a t e l y ,  b u t  i t  is b e l i e v e d  



t h a t  t h e  magnet ic  a n o m a i l i e s  a r e  caused by b a s a l t  which t h e  

e r u p t i o n  has  d e p o s i t e d  on a  f l a t  sed imenta ry  seabo t tom.  

P r o f i l e  F  i n  F i g .  5  was measured on June  6  from a  s m a l l  b o a t  

a c r o s s  t h e  submar ine  h i l l  of " S u r t l a "  from s o u t h  t o  n o r t h .  T h i s  

h i l l  was formed a t  t h e  end of  1963 by a  submarine e r u p t i o n  which 

was on ly  v i s i b l e  a t  t h e  s u r f a c e  f o r  one o r  two weeks, b u t  a n  

i s l a n d  was never  formed.  A bot tom p r o f i l e ,  t a k e n  by means of a n  

echo s o u n d e r ,  i s  shown below t h e  magne t i c  p r o f i l e .  The r e s u l t s  

show t h a t  t h i s  h i l l  c o n t a i n s  some c o r e  of magnet ized  b a s a l t  

a l t h o u g h  most o f  i t  may be nonmagnetic m a t e r i a l  a s  i n  t h e  n o r t h e r n  

p a r t  o f  S u r t s e y .  

On August 31 a n  ae romagne t i c  su rvey  was c a r r i e d  o u t  over  

S u r t s e y  from a  h e l i c o p t e r  a t  a n  a l t i t u d e  o f  200 m w i t h  t h e  p r o t o n  

p r e c e s s i o n  probe  hanging 20  m below t h e  h e l i c o p t e r .  Measurements 

were a u t o m a t i c a l l y  made every  3  seconds  and r e c o r d e d  on a  f i l m .  

A t  t h e  same t i m e  a n o t h e r  camera t a k e s  pho tographs  s t r a i g h t  down 

f o r  p o s i t i o n i n g .  I n  a l l  28  p r o f i l e s  were f lown,  a l l  c r o s s i n g  t h e  

i s l a n d  i n  d i f f e r e n t  d i r e c t i o n s .  The map h a s  n o t  y e t  been worked 

o u t ,  b u t  one p r o f i l e  f lown from sou thwes t  t o  n o r t h e a s t  is  re- 

produced i n  F i g .  6  and shown on t h e  map a s  p r o f i l e  G.  The c r o s s  

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

t h e  I c e l a n d i c  G e o d e t i c  Survey map from August ,  1965,  and t h e  

I c e l a n d i c  Hydrographic Survey map from J u l y ,  1964. The bottom 

p r o f i l e  c l o s e  t o  t h e  s h o r e  is u n c e r t a i n .  

The magne t i c  p r o f i l e  i n d i c a t e s  a  magnet ized  body a t  t h e  

bot tom o f  t h e  s e a  s o u t h w e s t  of  S u r t s e y .  I t  a l s o  shows t h a t  t h e  

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

n o r t h e r n  p a r t  h a r d l y  c a u s e s  any anomaly i n  t h e  magne t i c  f i e l d .  



T e ~ , p e r a  t u r e  rmeasurements , 

Tempera ture  measurements were c o n t i n u e d  u s i n g  t h e  s a r t  

thermometer  a s  p r e v i o u s  y e a r ,  The r e s u l t s  a r e  t h e  f o l l o w i n g :  

Flowing l a v a  S of  c r a t e r  

50-100 rn from t h e  s e a  
-<--- 

March 1 3 ,  Smal l  l a v a t o n g u e  SSE of  
1965 c r a t e r .  50  rn from t h e  s e a ,  

% 

I 

Same p l a c e .  Lava emerging 1137°C' I 

I 
I 

I 

Ftb .  2 0 ,  1965 1 1 3 9 " ~ ~  

50-100 rn from t h e  s e a .  l141°r  

Same p l a c e .  Open l a v a s t r e a m  11 3 3 " ~  
f 

1-2 m b r o a d ,  Lava v e l o c i t y  1 1 3 4 ° ~  I 
I 

1 1  4 1 ' ' ~  
"--c----L--- . 

I/ 
ii 1 Same p l a c e .  Lava emerging 1 1 3 4 " ~  

from a s m a l l  h o l e ,  
---.-* -== A." . 

1 Lava i n  c r a t e r  

During the  l a s t  measurement i n  t h e  s m a l l  l a v a s t r c s ~  i t  w , 
noted t h a t  w h i l e  t h e  thermometer was a t  r e s t  t h e  texnperdtrir~ 

o n l y  w e n t  t o  1 1 1 7 ~ ~ ~  b u t  when i t  was s lowly  wi thd~dwr"  ant9  rll:. ! 

b a c k  a n d  f o r t h  c l o s e  t o  t h e  s u r f a c e  of  t h e  l a v a  t h e  t e m p i r , + t ' :  i 

r ? = e  t?  1132°@, P o s s i b l y  t h e  r i s e  i n  t e m p e r a t u r e  was d u k y  t o  



o x i d a t i o n  o f  t h e  l a v a .  The t e m p e r a t u r e  quoted is  a lways  t h e  

maximum t e m p e r a t u r e  found i n  e a c h  p l a c e  and may n o t  be t h e  t r u e  

t e m p e r a t u r e  of  t h e  l a v a .  

On March 1 4 t h  t h e  l a v a  was h i g h  enough i n  t h e  c r a t e r  s o  t h e  

thermometer c o u l d  r e a c h  i t  from t h e  edge .  The thermometer was thrown 

o u t  from t h e  edge i n t o  t h e  c r a t e r  and p u l l e d  back by t h e  l e a d s  

c o n n e c t i n g  its c o l d  end t o  t h e  v o l t m e t e r ,  u n t i l  t h e  c o l d  j u n c t i o n  

was abou t  1 m up on t h e  edge of  t h e  c r a t e r ,  A second o b s e r v e r  

watched t h e  v o l t m e t e r  and when i t  s topped  r i s i n g  t h e  thermometer 

was p u l l e d  up. I t  was i m p o r t a n t  n o t  t o  keep t h e  thermometer t o o  

l o n g  i n  t h e  c r a t e r  a s  i t  t h e n  would s t i c k  t o  t h e  edge .  Two measure- 

ments  were made. One gave a n  e . rn . f .  of  46 ,40  mV w i t h  a  c o l d  

j u n c t i o n  t e m p e r a t u r e  o f  16'6, t h e  o t h e r  4 6 , 7 4  mV w i t h  a  c o l d  

j u n c t i o n  t e m p e r a t u r e  o f  L S ~ C .  According t o  t a b l e s  of  t h e r m o e l e c t r i c  

e . m . f .  f o r  chromel-alumel thermocouples  t h i s  c o r r e s p o n d s  t o  1151 

and 1 1 6 2 O ~  r e s p e c t i v e l y .  
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