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

The  S u r t s e y  e r u p t i o n  h a s  c e a s e d .  I t  s t o p p e d  i n  e a r l y  June  1967 ,  

a f t e r  h a v i n g  l a s t e d  f o r  t h r e e  y e a r s  and s e v e n  mon ths .  The main  i s l a n d ,  

wh ich  was formed,  S u r t s e y ,  d o e s ,  on t h e  o t h e r  h a n d ,  r e m a i n ,  and t h e  

s c i e n t i f i c  work h a s  c o n t i n u e d  w i t h  f u l l  s t r e n g t h  under  t h e  admin i s -  

t r a t i o n  o f  t h e  S u r t s e y  R e s e a r c h  S o c i e t y .  

A t  t h e  end o f  June  1968 t h e  second  S u r t s e y  S c i e n t i f i c  Con- 

f e r e n c e  was h e l d  i n  R e y k j a v i k .  I t  c o v e r e d  b o t h  g e o l o g i c a l  and b i o -  

l o g i c a l  s c i e n c e s  and was a t t e n d e d  by a  g r e a t  number o f  s c i e n t i s t s  

from I c e l a n d  and from a b r o a d .  The s c i e n i i f i c  work i n  1 9 6 8 ,  wh ich  is 

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

r e f l e c t s  i n  s e v e r a l  ways t h e  c o n c l u s i o n s  o f  t h e  C o n f e r e n c e ,  Al though 

many s t u d i e s  i n  t h e  f i e l d s  o f  e a r t h  s c i e n c e s  have  c o n t i n u e d  and new 

o n e s  b e e n  added ,  i t  w i l l  b e  s e e n  t h a t  t h e  main e m p h a s i s  h a s  s h i f t e d  

from v o l c a n o l o g y  t o  b i o l o g y .  T h i s  i s  t o  b e  e x p e c t e d ,  a s  t h e  i n v a s i o n  

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

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

S e v e r a l  s c i e n t i f i c  p a p e r s  a r e  now b e i n g  p u b l i s h e d  on t h e  

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

of  t h e  work w i l l ,  t hough ,  c o n t i n u e  f o r  many y e a r s  t o  come, and a s  ? 

m a t t e r  o f  f a c t ,  t h i s  is  o f  g r e a t  i m p o r t a n c e .  Only by c o n t i n u e d  

s c i e n t i f i c  s t u d i e s  on  S u r t s e y  f o r  s e v e r a l  y e a r s  w i l l  a  c o m p l e t e  

p i c t u r e  o f  i t s  deve lopment  b e  d i s c o v e r e d .  The S u r t s e y  R e s e a r c h  

S o c i e t y  w i l l  do i t s  u tmos t  t o  make t h i s  p o s s i b l e ,  

The S u r t s e y  R e s e a r c h  S o c i e t y  w i s h e s  t o  acknowledge  most  i m -  

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

I c e l a n d i c  Government ,  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 ,  

t h e  I c e l a n d i c  Coas t  Guard ,  and v a r i o u s  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 e s .  

A l s o ,  v i t a l  f - i n a n c i a l  s u p p o r t  f rom v a r i o u s  f o r e i g n  a g e n c i e s ,  e s p e c i -  

a l l y  t h e  U.S. O f f i c e  o f  Naval  R e s e a r c h ,  t h e  U ,  S .  Atomic Energy 

Commission and t h e  Bauer  S c i e n t i f i c  T r u s t  is h i g h l y  a p p r e c i a t e d .  

F i n a l l y ,  e x c e l l e n t  c o - o p e r a t i o n  by I c e l a n d i c  s c i e n t i s t s  f rom v a r i o u s  



i n s t i t u t i o n s  and many f o r e i g n  s c i e n t i s t s  s h o u l d  be  emphas i zed .  T h e i r  

f i n e  work h a s  made t h e  S u r t s e y  r e s e a r c h  program p o s s i b l e .  

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

- - 

S t e i n g r i m u r  Hermannsson 
Chairman 
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Compara t ive  Ecology  o f  C o l o n i z i n g  -. S p e c i e s  

o f  V a s c u l a r  P l a n t s  

by 
E y t h o r  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 ,  Reyk jav ik  

Dur ing  t h e  summer o f  1967  two t r i p s  were  made t o  S u r t s e y  and 

o n e  t r i p  t o  t h e  n u n a t a k  a r e a s  B r a e d r a s k e r  and Kiirasker  i n  V a t n a j o k u l k ,  

On t h e  2 0 t h  o f  J u n e  when t h e  a u t h o r  i n v e s t i g a t e d  p a r t i c u l a r l y  

t h e  n o r t h e r n  p a r t  o f  S u r t s e y  no t r a c e  a t  a l l  c o u l d  b e  s e e n  o f  abou t  

1 5  s m a l l  spec imens  o f  C a k i l e  e d e n t u l a  ( B i g e l )  Hook. and a  s i n g l e  - 
spec imen  o f  Elymus a r e n a r i u s  L, which  had b e e n  found  growing  i n  t h e  

s a n d  on  t h e  s o u t h  bank o f  t h e  c o a s t  a  month e a r l i e r  ( T h o r a r i n s s o n ,  

p e r s ,  comm,). They must  t h e r e f o r e  e i t h e r  have  b e e n  washed- away by 

t h e  s e a  o r  c o v e r e d  by t h e  l o o s e  s a n d  which  t h e  wind b lows  t o  and f r o  

on  t h e  c o a s t  now and t h e n .  The same d a y ,  however ,  6  s p e c i m e n s  o f  

C a k i l e  e d e n t u l a ,  5 o f  them t i n y  s e e d l i n g s  o n l y ,  and t h e  6 t h  r a t h e r  -- 
s m a l l ,  were o b s e r v e d  n e a r  t h e  h i g h  t i d e  mark on  t h e  n o r t h - e a s t  c o a s t  

o f  S u r t s e y  i n  a  s t r a i g h t  e a s t e r l y  d i r e c t i o n  f rom t h e  l i t t l e  l a k e  and 

abou t  midways be tween  t h i s  l a k e  and t h e  n e a r e s t  s h o r e  T h e s e  p l a n t s  

were  g rowing  where a  l a y e r  o f  s a n d  had n e a r l y  c o v e r e d  h e a p s  o f  a s h o r e  

d r i f t e d  s e a w e e d s ,  m a i n l y  Ascophyl lum nodosum- No p l a n t s  had b e e n  

o b s e r v e d  i n  t h i s  a r e a  b e f o r e .  B e s i d e s  t h a t  two a d d i t i o n a l  s m a l l  s p e c i -  

mens o f  C a k i l e  were found n e a r  t h e  n o r t h - w e s t  c o r n e r  o f  t h e  l i t t l e  

l a k e ,  

On J u n e  2 6 t h  i t  was o b s e r v e d  t h a t  one  o f  t h e s e  C a k i l e  s p e c i m e n s  

had f l o w e r e d  ( T h o r a r i n s s o n ,  p e r s ,  comm. ) , t h e  f i r s t  p l a n t  spec imen  

e v e r  t o  f l o w e r  on S u r t s e y ,  

D u r i n g  t h e  summer o f  1 9 6 7  some mosses  a l s o  s t a r t e d  t o  grow on  

S u r t s e y .  A t  f i r s t  mosses  were  o b s e r v e d  on  s a n d  n e a r  t h e  n o r t h - w e s t  

c o r n e r  o f  t h e  l a g o o n  on t h e  n o r t h  c o a s t .  On September  9 t h  two s e p a r a t e  

c l u s t e r s  o f  mosses  were  o b s e r v e d  i n  t h i s  l o c a l i t y ,  o n e  o f  them b e i n g  

abou t  70  c m  i n  d i a m e t e r .  T h e s e  m o s s e s  c o u l d  h a v e  been  d i s p e r s e d  t o  

t h e  i s l a n d  by man, On t h i s  same d a y  t h e  a u t h o r  o b s e r v e d  some moss 

c l u s t e r s  n e a r  t h e  c e n t r a l  p a r t  o f  t h e  i s l a n d  ( s e e  map) w h e r e ,  a t  



l e a s t ,  no  m a c r o s c o p i c  p l a n t s  have  b e e n  o b s e r v e d  growing  b e f o r e  and 

t h i s  l o c a l i t y  is s i t u a t e d  more t h a n  500  rn f rom t h e  s h o r e  a t  an a l . t i  '. 

t u d e  o f  a b o u t  60  m .  The mosses  were  growing  i n  f o u r  s e p a r a t e d  c l u s t e r s  

on  a  t h i n  s a n d  o r  t e p h r a  l a y e r  c o v e r i n g  t h e  edge  o f  a  l a v a  f i e l d  where 

t h e  l a v a  is s t i l l  lukewarm T h e s e  mosses  have  b e e n  i d e n t i f i e d  b y  t h e  

b r y o l o g i s t  B J 6 h a n n s s o n )  Depa r tmen t  o f  B o t a n y ,  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 ,  and t h e  names a r e  p u b l i s h e d  h e r e  w i t h  h i s  k i n d  

p e r m i s s i o n  The s p e c i e s  a r e  F u n a r i a  h y g r o m e t r i c a  Hedw and Bryum --- 
argenteurn Hedw, Both  t h e s e  s p e c i e s  a r e  common on Heimaey and e l s e  

where  i n  I c e l a n d  ( J 6 h a n n s s o n  p e r s  comm ) and a r e  v e r y  o f t e n  d z s -  

p e r s e d  by man. The l o c a l i t y  where  t h e y  grpw on S u r t s e y  is  s i t u a t e d  

j u s t  a l o n g  a  f o o t p a t h  commonly used  by s c i e n t i s t s  work ing  on t h e  I s .  

l a n d  a n d ,  a s  men t ioned  b e f o r e ,  more t h a n  500 m from t h e  s h o r e  I t  i s  

t h e r e f o r e  most  l i k e l y  t h a t  t h e s e  two a d d i t i o n a l  s p e c i e s  have  been  

d i s p e r s e d  by man, a l t h o u g h  v a r i o u s  measu res  have  b e e n  t a k e n  t o  p r e v e n t  

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

On t h e  same day a  t i n y  p l a n t  was o b s e r v e d  g rowing  i n  a m i x t u r e  

o f  s a n d  and t e p h r a  on t h e  s o u t h - " e a s t  c o a s t  o f  S u r t s e y  by t h e  amateur  

a l g o l o g i s t  S .  H a l l s s o n  T h i s  l o c a l i t y  i s  v e r y  much a l i k e  most o f  t h e  

l o c a l i t i e s  _on t h e  n o r t h - n o r t h e a s t  c o a s t  a r e a  where  a l l  t h e  c o r ~ o -  

p h y t e s  known t o  grow i n  S u r t s e y  had been  found u n t i l  t h i s  v e r y  d a y  

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

b u t  a t  a  d i s t a n c e  o f  a b o u t  1 krn f a r t h e r  s o u t h  T h i s  p l a n t  was i n - .  

v e s t i g a t e d  by t h e  a u t h o r  t h e  n e x t  day  and i d e n t i f i e d  a s  Wonkenya - --. 2- 

p e p l o i d e s  (L  ) E h r h ,  and i t  h a s  w i t h o u t  doub t  been  d i s p e r s e d  by t h e  

s e a  from Heimaey a s  t h e  o t h e r  Honkenya spec imens  found  i n  S u r t s e y  

D u r i n g  t h e  d a y s  September  9  t o  11 .a t h o r o u g h  s t u d y  of a l l .  t h e  

s p e c i m e n s  o f  v a s c u l a r  p l a n t s  found  on S u r t s e y  was c a r r i e d  o u t  d t  

t h e n  became e v i d e n t  t h a t  a  s m a l l  g r a s s  s p e c i m e n ,  wh ich  was a t  f i ~ s t  

t h o u g h t  t o  b e l o n g  t o  Elymus a r e n a r i u s  L .  c o u l d  h a r d l y  be c o r r e c t l y  

i d e n t i f i e d ,  I t  was c o n s i d e r e d ,  b e c a u s e  o f  t h e  s h a p e  o f  t h e  base of  

t h e  b l a d e ,  t h e  l i g u l a  and t h e  s h e a t h ,  t o  b e  more a l i k e  Fest1.1ca r u b r a  

L .  L a t e r  m i c r o s c o p i c a l  i n v e s t i g a t i o n  o f  a  t r a n s v e r s e  s e c t i o n  o f  a b l a d e  

i n  a l a b o r a t o r y  c o n f i r m e d  t h i s  i d e n t i f i c a t i o n  F e s t u c a  r u b r a  L i s  -- 
a  v e r y  common s p e c i e s  i n  t h e  Vestman i s l a n d s  ( F r i d r i k s s o n  and Johnsen  

1967)  and f o r  i n s t a n c e  found on S i i l n a s k e r ,  abou t  1 0  km e a s t - n o r t h -  



e a s t  o f  S u r t s e y .  A s  e a s t e r l y  w i n d s  a r e  common h e r e ,  F e s t u c a  r u b r a  
s 

might  have been  d i s p e r s e d  by s e a  t h i s  s h o r t  d i s t a n c e  t o  S u r t s e y  , A t  

l e a s t  t h e  t r a n s p o r t  o f  s e e d s  by s e a  c o u l d  have  t a k e n  s o  s h o r t  a  t i ~ e  

t h a t  t h e  s e e d s  might  have  s u r v i v e d  s u c h  an immersion i n  s a l t  w a t e r .  

The f a c t  t h a t  F e s t u c a  r u b r a  was found  on S u r t s e y ,  g rowing  n e a r  t h e  

h i g h  t i d e  mark on  t h e  c o a s t ,  s u p p o r t s  t h e  s u g g e s t i o n  o f  d i s p e r s a l  by 

s e a .  T h i s  s p e c i e s  c o u l d  though  a l s o  have  been  d i s p e r s e d  by b i r d s  t h i s  

s h o r t  d i s t a n c e  a s  numerous b i r d s  have  been  o b s e r v e d  on S u r t s e y  (Gud- 

mundsson,  1966 and 1967)  and v e r y  o f t e n  s e e n  on t h e  c o a s t  o f  t h e  

i s l a n d .  The t o t a l  number o f  s p e c i m e n s  o b s e r v e d  g rowing  on t h e  i s l a ~ d  

a t  t h i s  t i m e  was 46 c f .  f i g ,  1, b u t  some o f  them were v e r y  s m a l l  aad 

o t h e r  a l m o s t  c o v e r e d  by s a n d ,  These  spec imens  be longed  t o  f i v e  s p e c i e s :  

Honkenya p e p l o i d e s  ( L . 1  Ehrh ,  2 6  spec imens  were  o b s e r v e d ,  Mone 

o f  t h e  spec imens  had f l o w e r e d  and no b u d s  were  o b s e r v e d ,  

C a k i l e  e d e n t u l a  ( B i g e l )  Hook. 1 4  spec imens  were  o b s e r v e d ,  most 

o f  them v i g o r o u s  and h e a l t h y  l o o k i n g .  Fa r  t h e  b i g g e s t  

spec imen was a b o u t  70 cm l o n g  and 40 c m  b r o a d .  A l l  

1 4  spec imens  had f l o w e r e d  and were  w i t h  f r u i t s ,  5 o f  

them were  a l s o  s t i l l  w i t h  a  few f l o w e r s .  

Elymus a r e n a r i u s  L .  4 s p e c i m e n s  were  o b s e r v e d .  None o f  them 

had f l o w e r e d .  - 
M e r t e n s i a  m a r i t i m a  ( L . 1  S . F .  Gray ,  A s i n g l e  s m a l l  spec imen  with 

o n l y  one  l e a f  o f  a normal  s i ze  was o b s e r v e d .  No s i g n  

o f  buds  c o u l d  b e  s e e n .  

F e s t u c a  r u b r a  L.  A s i n g l e  s m a l l  spec imen was o b s e r v e d .  No s i g n  

o f  f l o w e r i n g  c o u l d  b e  s e e n .  

Most o f  t h e s e  spec imens  a r e  growing  i n  l o o s e  s a n d  a t  t h e  h i g h  

t i d e  mark on t h e  r e l a t i v e l y  f l a t  c o a s t  and t h e  s e a  w i l l  w i t h o u t  doub t  

wash many o f  them away d u r i n g  t h e  w i n t e r .  Two o r  t h r e e  o f  t h e  C a k i l ~  - 
s p e c i m e n s ,  t h e  wes te rnrnos t  growing Monkenya and t h e  - M e r t e n s i a ,  how- 

e v e r ,  have  a  s l l g h t  c h a n c e  o f  e s c a p l n g  b e i n g  washed away, But a s  t h e  

w i n t e r  s t o r m s  a r e  heavy and t h e  s a n d  i s  v e r y  l o o s e  t h e y  a r e  i n  g r e z t  

d a n g e r  o f  b e i n g  c o v e r e d  by s a n d - d r i f t s  o r  s i m p l y  blown away. 



D i s p e r s a l  

Of t h e  f i v e  s p e c i e s  o f  v a s c u l a r  p l a n t s  which  have b e e n  o b s e r v e d  

g rowing  on  t h e  i s l a n d  S u r t s e y  up t o  t h e  p r e s e n t  d a y ,  f o u r  a r e  ha lo . - ,  

p h i l o u s  s p e c i e s  and have  w i t h o u t  d o u b t  b e e n  d i s p e r s e d  t o  t h e  i s l a n d  

from t h e  Vestman I s l a n d s .  The s e e d s  o f  b o t h  C a k i l e  and Honkenya a r e  -- 
A o f  a  l a r g e  s i ze  and w e l l  a d a p t e d  t o  f l o a t i n g  (Love ,  D .  1963)  and t h e y  

a r e  known t o  b e  a b l e  t o  s t a n d  immers ion  i n  s a l t  w a t e r .  S e e d s  o f  

M e r t e n s i a  and Elymus a r e  a l s o  r e l a t i v e l y  l a r g e  and a b l e  t o  f l o a t ,  The 

f i f t h  s p e c i e s ,  F e s t u c a  r u b r a ,  might  a l s o  have  been  d i s p e r s e d  by s e a  

t h i s  s h o r t  d i s t a n c e  f rom t h e  Vestman I s l a n d s  t o  S u r t s e y ,  b u t  i t  is 

a l s o  q u i t e  p o s s i b l e  t h a t  t h i s  s p e c i e s  h a s  been  d i s p e r s e d  by b i r d s .  

O t h e r  s p e c i e s  o f  c o a s t a l  p l a n t s  migh t  a s  + e l l  b e  d i s p e r s e d  t o  S u r t s e y  

i n  t h e  n e a r  f u t u r e  by t h e  s e a  and t h e y  w i l l  p r o b a b l y  b e  a b l e  t o  grow 

i n  t h e  u n i f o r m  s a n d  h a b i t a t  o f  t h e  c o a s t ,  Seeds  and p a r t s  o f  o t h e r  

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

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

p l a n t s  w i l l  b e  a b l e  t o  grow i n  t h i s  c o a s t a l  h a b i t a t  More n o n - c o a s t a l  

s p e c i e s  common i n  t h e  Vestman I s l a n d s  might  o c c a s i o n a l l y  b e  d i s p e r s e d  

t o  S u r t s e y  from t h e  n e a r e s t  i s l a n d s ,  o r  even  t h e  I c e l a n d i c  ma in l and  

w h i c h  is o n l y  a b o u t  32 krn away from S u r t s e y ,  by b i r d s ,  and some o f  
- s u c h  s p e c i e s  may s u c c e e d  i n  s u r v i v i n g .  ~ i s p e r s a i  o f  s p e c i e s  w i t h  l i g h t  

s e e d s  by wind s h o u l d  a l s o  b e  p o s s i b l e  o v e r  t h e s e  s h o r t  d i s t a n c e s  

men t ioned  b e f o r e ,  Mosses  seem t o  have  b e e n  d i s p e r s e d  t o  S u r t s e y  a l r e a d y  

by man and even  some s p e c i e s  o f  v a s c u l a r  p l a n t s  migh t  b e  d i s p e r s e d  i n  

t h e  same way i n  s p i t e  o f  e v e r y  a t t e m p t  made t o  p r e v e n t  s u c h  d i s p e r s a l .  

I n  August 1967  an  e x p e d i t i o n  was made t o  t h e  n u n a t a k s  B r a e d r a -  

s k e r  and K g r a s k e r  i n  V a t n a j o k u l l ' s  b i g  s o u t h e r n  o u t l e t  Bre idamerkur -  

j o k u l l .  B r a e d r a s k e r  was i n v e s t i g a t e d  e a r l i e r  i n  1 9 6 3 ,  1965+  and 1966.  

I n  1965  s e v e n  p l o t s  o f  t h e  s i z e  o f  1 m2 e a c h  were marked i n  t h e  o l d e s t  

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

on  t h e  n u n a t a k  ( E i n a r s s o n  1967  and 1968)  and v e g e t a t i o n  a n a l y s e s  

c a r r i e d  o u t  i n  t h e s e  p l o t s  i n  1 9 6 5 ,  1966  and 1967.  The r e s u l t s  o f  

t h e  a n a l y s e s  a r e  found i n  t a b l e  1. The Hu l t -Se rnande r  s c a l e  was used 



f o r  c o v e r  e s t i m a t i o n .  S t i l l  i n  1967 t h e  c o v e r  i n  a l l  p l o t s  was far 

l e s s  t h a n  1/16 o f  t h e  s u r f a c e ,  Some c h a n g e s  have b e e n  o b s e r v e d  t o  have  

t a k e n  p l a c e  i n  t h e s e  p l o t s  d u r i n g  t h e  y e a r s  1965 -. 1967 ,  Some o f  t h e  

f i r s t  o b s e r v e d  s p e c i m e n s  i n  t h e  p l o t s  have n o t  s u r v i v e d  and o t h e r s  

h a v e  i n v a d e d ,  I n  p l o t s  nos  3 and 6  spec imens  found i n  1965  were  dead 

i n  1966 ,  and i n  p l o t s  n o s ,  2 and 7  s p e c i m e n s  found i n  1966  had d i s -  

a p p e a r e d  i n  1967  I n  b o t h  1966  and 1 9 6 7 ,  however ,  new c o l o n i z i n g  

s p e c i e s  were found i n  many o f  t h e  p l o t s ,  f o r  i n s t a n c e  n o s ,  1, 2 and 

3 ,  and t h e  number o f  s p e c i m e n s  o f  some o f  t h e  s p e c i e s  h a s  a l s o  i n -  

c r e a s e d  i n  some o f  t h e  p l o t s ,  I n  e a c h  o f  p l o t s  nos. ,  2 and 5  f o r  i n -  

s t a n c e ,  o n e  spec imen o f  Poa a l p i n a  L ,  was found growing  i n  1 9 6 5 ,  s r d  

i n  1966 s e v e r a l  s m a l l  s p e c i m e n s  o f  t h e  s h e  s p e c i e s  were o b s e r v e d  

g rowing  a round t h e  o l d  o n e s  and i n  1967  most o f  them were s t i l l  a b o u t ,  

I n  p l o t  n o ,  7  one  spec imen  o f  C e r a s t i u m  a lp inum L .  was found  g r o w i ~ g  -- 
i n  1965 ;  i n  1966 s e v e r a l  s e e d l i n g s  o f  t h e  same s p e c i e s  were o b s e r v e d  

a round  t h e  o l d  s p e c i m e n s  and i n  1967  t h e  o l d  one  was dead  b u t  t h r e e  

. o f  i t s  d e s c e n d a n t s  had s u r v i v e d  and were  h e a l t h y  l o o k i n g .  

The t o t a l  number o f  s p e c i e s  o f  v a s c u l a r  p l a n t s  found  i n  B r a e d r a -  
I s k e r  i s  2 3 ,  c f .  t a b l e  1, b u t  some o f  t h e  s p e c i e s  have  o n l y  b e e n  

o b s e r v e d  o n c e  and n o t  found  a g a i n .  The most common v a s c u l a r  p l a n t  

i n  1967 was S a x i f r a g a  c a e s p i t o s a  L ,  c l o s e l y  f o l l o w e d  by Poa a l p i n a .  

Then  come Poa f l e x u o s a  Sm, , C e r a s t i u m  c e r a s t o i d e s  (Lo 1 B r i t t o n  and 

C e s a s t i u m  a lp inum,  The mosses  on B r a e d r a s k e s  a r e  becoming more 

p r o m i n e n t  t h a n  b e f o r e ,  b u t  t h e  most common s p e c i e s  a r e  s t i l l  P h i l o -  - 
n o t i s  t o m e n t e l l a  Mol, and Rhacomi t r ium c a n e s c e n s  (Hedw.) W r i d o  -- 

J u s t  a f t e r  1940  t h e  B j o r n s s o n  b r o t h e r s  a t  t h e  f a rm K v i s k e r ,  

t h e  n e a r e s t  f a rm w e s t  o f  E r e i d a m e r k u r j 6 k u l l  o b s e r v e d  t h a t  a s m a l l  

a r e a  i n  t h e  m i d d l e  o f  B r e i d a m e r k u r j o k u l l ,  s i t u a t e d  a b o u t  13 km from 

t h e  marg in  o f  t h e  g l a c i e r ,  had become f r e e  o f  i c e ,  Accord ing  t o  t h e l ?  

o p i n i o n  t h e  i c e  most l i k e l y  r e t r e a t e d  from t h i s  a r e a  i n  t h e  l a t e  

t h i r t i e s ,  i e .  a b o u t  3 0  y e a r s  ago (Bjor*nsson ,  S. 19581 ,  and i n  1957  

and 1958 t h e y  made e x p e d i t i o n s  t o  t h e  a r e a  which  t h e y  named K i i r a s k e r  

and found  3 3  s p e c i e s  o f  v a s c u l a r  p l a n t s  g rowing  s c a t t e r e d  i n  t h e  

a r e a  ( B j o r n s s o n ,  H, 1 9 5 8 ) ,  Mhrasker  wh ich  i s  b u i l t  up o f  b a s a l t  arad 

r h y o l i t e  ( E i n a s s s o n ,  Th. , p e r s .  comm, ) and a l m o s t  c o m p l e t e l y  c o v e r e d  



by b a s a l t - r h y o l i t e  m o r a i n s ,  i s  a  niountain  s l o p e .  s l o p i n g  5O t o  20° t o  

t h e  e a s t - n o r t h - e a s t  , I n  e a r l y  Septercber 1965  i t  was a b o u t  500  m b road  

and 1 2 0 0  m l o n g ,  t h e  a l t i t u d e  b e i n g  from 580 t o  760 m 

H i l f d s n  B j o r n s s o n  from K v i s k e r  (1958)  d e s c r i b e s  t h e  v e g e t a t i o n  

o f  K i r a s k e r  a s  b e i n g  p r e t t y  l u x u r i a n t  i n  some s h e l t e r e d  d e p r e s s i o n s  

and r i v u l e t  b e d s  and domina ted  by g r a s s e s  and o t h e r  v a s c u l a r  p l a n t s  - 
I n  t h e  more exposed  g r a v e l  f l a t s  be tween  t h e  d e p r e s s i o n s  B j o r n s s o n ,  

however ,  r e p o r t s  t h e  v e g e t a t i o n  t o  b e  v e r y  s p a r s e  and s c a t t e r e d  b u t  

m o s t l y  domina ted  by t h e  same s p e c i e s ,  T h i s  means t h a t  i n  K i r a s k e r  

t h e r e  was a l r e a d y  t h e n j a b o u t  2 0  y e a r s  a f t e r  i t  became f r e e  o f  i c e ,  

a  d i s t i n c t  d i f f e r e n c e  be tween  t h e  v e g e t a t i o n  i n  t h e  s h e l t e r e d  d e - -  

p r e s s i o n s  w i t h  a  f a v o r a b l e  snow c o v e r  anb s o i l  m o i s t u r e  and t h e  

v e g e t a t i o n  o f  t h e  more exposed  and d r y  g r a v e l  f l a t s  be tween  t h e  

d e p r e s s i o n s ,  I n  t h e  s i x  y e a r s  o l d  B r a e d r a s k e r  no s u c h  d i f f e r e n c e  

c a n  a s  y e t  b e  o b s e r v e d ,  on  t h e  c o n t r a r y :  t h e  p l a n t s  seem. t o  b e  

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

p a r t  o f  t h e  n u n a t a k ,  T h i r t y  t h r e e  s p e c i e s  o f  v a s c u l a r  p l a n t s  were 

t h e n  found  i n  Kii rasker  , c f  t a b l e  2 .  The most common o n e s  were 

C e r a s t i u m  c e r a s t o i d e s  and Poa  a l p i n a ,  T h r e e  s p e c i e s  o f  m o s s e s  n o t  

i d e n t i f i e d  a r e  r e p o r t e d ,  b u t  t h e  mosses  were found i n  few p l a c e s  

o n l y  a n d  were  much less p r o m i n e n t  t h a n  t h e  v ' a s c u l a r  - p l a n t s .  No 

l i c h e n s  o r  f u n g i  were  o b s e r v e d *  I n  a  s m a l l  r i v u l e t ,  however ,  some 

f i l a m e n t o u s  a l g a e  were o b s e r v e d  

D u r i n g  t h e  1 9 6 1  e x p e d i t i o n  f i v e  a d d i t i o n a l  s p e c i e s  o f  v a s c u l a r  

p l a n t s  and f i v e  s p e c i e s  o f  mosses  were  found c f .  t a b l e  2  No l i c h e n s  

o r  f u n g i  were  o b s e r v e d .  The v e g e t a t i o n  was s t i l l  domina ted  by g r a s s e s ,  

b u t  mosses  seemed t o  b e  a  l i t t l e  more p r o m i n e n t  t h a n  b e f o r e  F a r  t h e  

most  common s p e c i e s  were Poa a l p i n a  and C e r a s t i u m  c e r a s t o i d e s ,  b u t  ---- 
A r a b i s  a l p i n a  L  , Deschampsia  a l p i n a  ( L . )  R ,  e t  S , O x y r i a  d i g y n a  (L?) - 
M i l l ,  Poa  f l e x u o s a  and T r i s e t u m  s p i c a t u m  (L ) R i c h t .  were a l s o  common. 

I n  1963  t h r e e  a d d i t i o n a l  s p e c i e s  o f  v a s c u l a r  p l a n t s  were 

o b s e r v e d  i n  K i r a s k e r ,  c f .  t a b l e  2 ,  The mosses  were o b v i o u s l y  more 

p r o m i n e n t  t h a n  i n  1 9 6 1 ,  One f u n g u s ,  R u s s u l a  a l p i n a  ( ~ l y t t )  Mol l  e t  - 
S c h a e f f ,  , was o b s e r v e d ,  On f l a t  r o c k s  i n  t h e  c e n t r a l  p a r t  o f  t h e  

n u n a t a k  some t h a l l i  o f  a  c r u s t a c e o u s  l i c h e n  were  found  t o g e t h e r  w i t h  - 



Rhacomi t r ium c a n e s c e n s .  t h e  b i g g e s t  o f  them b e i n g  5 t o  8 mm i n  d i a -  

m e t e r ,  b u t  w i t h o u t  any a p o t h e c i a  and a s  a  whole  s o  k m a t u r e  t h a t  i t  

was n o t  p o s s i b l e  t o  i d e n t i f y  them a l t h o u g h  t h e y  a l l  seemed t o  b e l o n g  

t o  t h e  same s p e c i e s -  The v e g e t a t i o n  of t h e  most s h e l t e r e d  d e p r e s s i o n s  

was g e t t i n g  s t i l l  more l u x u r i a n t  and i n  most p l a c e s  domina ted  b y  Poa - 
a l p i n a ,  wh ich  i s  t h e  most common p l a n t  s p e c i e s  o f  t h e  n u n . a t a k .  O t h e r  

common s p e c i e s  o f  v a s c u l a r  p l a n t s  were  C e r a s t i u m  c e r a s t o i d e s -  h a b s s  

a l p i n a ,  Deschampsia  a l p i n a  and Poa f l e x u o s a ,  On t h e  more exposed  

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

a l s o  domina ted  by Poa a l p i n a ,  e s p e c i a l l y  i n  t h e  c e n t r a l  and t h e  

s o u t h e r n  p a r t  o f  t h e  n u n a t a k ,  o t h e r  common s p e c i e s  b e i n g  - Poa - f l e x u o s s ,  - 
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  o p p o s i t i f ~ l i a  - L ,  ; T r i s e t u m  s p i c a t u m  

-___I___- 

and Rhacomi t r ium c a n e s c e n s ,  On a  few g r a v e l  f l a t s  i n  t h e  n o r t h e r n  

P a r t  e v e n  A r a b i a  a l p i n a  was d o m i n a t i n g .  Most o f  t h e  p l a n t  s p e c i m e n s  

i n  Msraske r  were  o b s e r v e d  t o  b e  v e r y  h e a l t h y  l o o k i n g  and seemed t o  

be d o i n g  w e l l .  

I n  1 9 6 5  s t i l l  two a d d i t i o n a l  s p e c i e s  o f  v a s c u l a r  p l a n t s  were  

o b s e r v e d  i n  MGrasker ,  c f .  t a b l e  2 ,  and some s p e c i e s  o f  mosses .  Vege- 

t a t i o n  a n a l y s e s  were  c a r r i e d  o u t  i n  e i g h t  p l o t s  wh ich  were c l e a r l y  

marked f o r  f u t u r e  s t u d i e s  o f  t h e  p l a n t  s u c c e s s i o n ,  A s  a  who le  t h e  

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

mosses  a r e  s t i l l  becoming more p r o m i n e n t ,  The same s p e c i e s  o f  v a s c u h r  

p l a n t s  a r e  d o m i n a t i n g ,  i , e ,  Poa  a l p i n a  and o t h e r  g r a s s e s ,  but Cera -  - 
s t i u m  c e r a s t o i d e s  and A r a b i s  a l p i n a  were  n o t  a s  common a s  b e f o r e ,  at 

B e a s t  n o t  r e l a t i v e l y .  On t h e  g r a v e l  f l a t s  t h e  v e g e t a t i o n  was some- 

what  more p r o m i n e n t ,  t h e  d o m i n a t i n g  s p e c i e s  b e i n g  Poa a l p i n a ,  - Des- 

champs ia  a l p i n a ,  Poa f l e x u o s a ,  Poa g l a u c a ,  Vah l .  , r i a  d i g y n a ,  
-- 

S a x i f r a g a  c a e s p i t o s a ,  T r i s e t u m  s p i c a t u x  and Phleum cornmutaturn Gaud, 

I n  1 9 6 7  t h r e e  new s p e c i e s  o f  v a s c u l a r  p l a n t s  were  found  i n  

K g ~ a s k e r ,  The t o t a l  number o f  v a s c u l - a r  p l a n t s  found  i n  t h i s  30 y e a r  

o l d  lnunatak is t h e r e f o r e  46 and 38 o f  them have  b e e n  o b s e r v e d  dur in .g  

two o r  more s e p a r a t e  t r i p s  t o  t h e  n u n a t a k ,  I n  1967  i d e n t i f i a b l e  

l i c h e n s  were found i n  Ki i rasker  f o r  t h e  f i r s t  t i m e ,  i. e ,  P e l t i g e r a  --- 
a p t h o s a  (L.) W i l l d ,  and S t e r e o c a u l o n  s p .  I n  t h e  e i g h t  p l o t s  t h e r e  -- - 
had b e e n  some c h a n g e s  s i n c e  1 9 6 5 ,  new s p e c i e s  ha,d c o l o n i z e d  many 

o f  t h e  p l o t s  and o t h e r s  p a s s e d  away, and i n  h a l f  o f  t h e  p l o t s  t h e  



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

i n  p l o t s  n o s -  7  and 8 ,  c f  t a b l e  2 ,  which  a r e  b o t h  found  i n  a  

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

I n  p l o t s  n o s ,  3 and 5 ,  wh ich  a r e  found  on g r a v e l  f l a t s ,  t h e  v e g e t a -  

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

1965 ,  and i n  p l o t  n o ,  5  mosses  were  found  f o r  t h e  f i r s t  t i m e  i n  1967 .  

A t  t h e  p r e s e n t  t i m e  i t  i s  d i f f i c u l t  t o  make any c o m p a r i s o n  

be tween  t h e  p l a n t  s u c c e s s i o n  and v e g e t a t i o n  o f  t h e  n u n a t a k s  and t h e  

c o l o n i z a t i o n  o f  S u r t s e y  by h i g h e r  p l a n t s  So f n r  no v a s c u l a r  p l a n t s  

have  s u c c e e d e d  t o  s u r v i v e  d u r i n g  t h e  w i n t e r  on S u r t s e y ,  a s  t h e y  have  

b e e n  c o v e r e d  by s a n d  o r  washed away by t h e  s e a ,  and t h e r e f o r e  no 

permanent  v e g e t a t i o n  h a s  a s  y e t  b e e n  e s t a b l i s h e d  t h e r e .  A s  a l r e a d y  

men t ioned  some o f  t h e  p l a n t  s p e c i m e n s  o b s e r v e d  g rowing  on S u r t s e y  

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

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

The v e g e t a t i o n  o f  t h e  two n u n a t a k  a r e a s  h a s ,  however ,  b e e n  

compared w i t h  t h e  v e g e t a t i o n  o f  t h e  t h i r d  n u n a t a k  a r e a  i n  B r e i d a -  

m e r k u r j o k u l l .  The name o f  t h i s  a r e a  i s  E s j u f j o l l ,  and i t  i s  much 

b i g g e r  t h a n  t h e  o t h e r  two,  E s j u f j o l l  a r e  composed o f  f o u r  m o u n t a i n  

r i d g e s , t h e  b i g g e s t  r a n g i n g  abou t  500  m above t h e  s u r r o u n d i n g  ice  - 
T h i s  a r e a  h a s  a  f l o r a  o f  96 s p e c i e s  o f  v a s c u l a r  p l a n t s  and h a s  w i th - -  

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

a s  i t s  v e g e t a t i o n  i s  untouched  by man and s h e e p ,  i t  i s  p r o b a b l y  v e r y  

c l o s e  t o  a  c l i m a x  v e g e t a t i o n ,  The Kvfske r  b r o t h e r s ,  m e n t i o n e d  e a r l i e r ,  

have  i n v e s t i g a t e d  t h i s  a r e a  and t h e  p r e s e n t  a u t h o r  s t u d i e d  i t  i n  1961 .  

A s  t h e  a r e a ,  however ,  i s  v e r y  b i g ,  it n e e d s  a  much more i n t e n s i v e  

i n v e s t i g a t i o n -  Bu t  s o  f a r  i t  c a n  b e  s t a t e d  t h a t  t h e  g r a s s  s p e c i e s ,  

w h i c h  d o m i n a t e  t h e  v e g e t a t i o n  o f  K g r a s k e r  and B r a e d r a s k e r ,  a r e  w i t h -  

o u t  doub t  p i o n e e r  s p e c i e s  which  d o  n o t  p l a y  any i m p o r t a n t  r o l e  i n  

t h e  v e g e t a t i o n  o f  E s j u f j o l l ,  

Most o f  t h k  s p e c i e s  o f  v a s c u l a r  p l a n t s  found i n  B r a e d r a s k e r  

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

by wind and t h e y  have  p r o b a b l y  b e e n  blown a l o n g  t h e  s u r f a c e  o f  t h e  

i c e  t o  t h e  n u n a t a k s  from t h e  n e a r e s t  m o u n t a i n s ,  a  d i s t a n c e  o f  5  ,-. 7 km* 

Some o f  t h e  s p e c i e s ,  however ,  migh t  have  b e e n  d i s p e r s e d  by b i r d s ;  



Vaccin ium u l i g i n o s u m  L., which  v a s  found  growing  i n  B g r a s k e r  f o r  t h e  

f i r s t  t i m e  i n  1 9 6 7 ,  h a s  t h u s  w i t h o u t  d o u b t  been  d i s p e r s e d  t o  t h e  

n u n a t a k  by b i r d s ,  
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TABLE I +- 
03 

A l l  s p e c i e s  of  v a s c u l a r  p l a n t s  and t h e  most prominent moss s p e c i e s  found i n  Braedrasker .  The numbers 

63,  65,  66 and 67 i n  t h e  column marked Year mean t h a t  t h e  s p e c i e s  were found f o r  t h e  f i r s t  t ime i n  1963, 
1965, 1966 and 1967 r e s p e c t i v e l y .  The r e s u l t s  from t h e  v e g e t a t i o n  a n a l y s i s  c a r r i e d  ou t  i n  1965, 1966 
and 1967 i n  seven p l o t s  marked 1 t o  7  a r e  found i n  columns 1 t o  7  r e s p e c t i v e l y .  For cover e s t i m a t i o n  
t h e  Hult-Sernander s c a l e  was used.  

S p e c i e s  

Arabis a l p i n a  
Cardaminopsis p e t r a e a  66 
Ceras t  ium alpinum 
Cerast ium c e r a s t o i d e s  65 
Draba norveg ica  
Epilobium l a c t i f l o r u m  65 
Fes tuca  v i v i p a r a  
Luzula s p i c a t a  
Minua r t i a  r u b e l l a  
Oxyria d igyna 
Phleum commutatum 
Poa a l p i n a  
Poa f l exuosa  
Poa g l auca  
Sagina  i n t e rmed ia  
Sagina procumbens 
Sax i f r aga  c a e s p i t o s a  65 
Sax i f r aga  o p p o s i t i f o l i a  66 
S a x i f r a g a  r i v u l a r i s  
S i l e n e  mari t ima 
Sedum annuum 
Trise tum spicatum 
Veronica f r u t i c a n s  

Pogonatum urnigerum 
P o h l i a  wah lenbe rg i i  
P o l y t r  icum j u n i p e r  inum 66 
Rhacomitrium canescens 63 

I 



TABLE 11 

A l l  s p e c i e s  o f  v a s c u l a r  p l a n t s ,  f u n g i ,  l i c h e n s  and t h e  most  

common moss s p e c i e s  found i n  Kii rasker  

The numbers  5 8 ,  6 1 ,  6 3 ,  6 5  and 67  i n  t h e  column marked Year mean t h a t  
t h e  s p e c i e s  were  found  f o r  t h e  f i r s t  t i m e  i n . 1 9 5 8 ,  1 9 6 1 ,  1 9 6 3 ,  1965 and 
1967  r e s p e c t i v e l y .  The r e s u l t s  f rom t h e  v e g e t a t i o n  a n a l y s i s  c a r r i e d  o u t  
i n  1965  and 1967  i n  e i g h t  p l o t s  marked 1 - 8 a r e  found i n  co lumns  1 - 8 
r e s p e c t i v e l y .  The numbers found i n  t h e  s econd  l i n e  f rom above mean t h e  
e s t i m a t e d  p e r c e n t a g e  o f  t h e  v e g e t a t i o n  c o v e r  i n  e a c h  p l o t .  For  c o v e r  
e s t i m a t i o n  t h e  Hu l t -Se rnande r  s c a l e  was u s e d .  I n  some o f  t h e  p l o t s  t h e  
mosses  were  n o t  i d e n t i f i e d  t o  t h e  s p e c i e s .  

S p e c i e s  

A r n e r i a  m a r i t i m a  

C a r d a m i n o p s i s  p e t r a e a  

C e r a s t i u m  a l p i n u m  

C e r a s t i u m  a r c t i c u m  

C e r a s t i u m  c e r  a s t o i d e s  

Descharnpsia  a l p i n a  

D r  aba  n o r v e g i c a  

E p i l o b i u m  l a c t i f l o r u m  

E r i g o n  b o r e a l e  

F e s t u c a  v i v i p a r a  

Galiurn n o r m a n i c i i  

Gnaphal ium s u p  inum 

L u z u l a  s p i c a t a  

U i n u a r t i a  r u b e l l a  

Q x y r i a  d i g y n a  

Phleum commut atum- 

Poa a l p i n a  

Poa f l e x u o s a  

Poa g l a u c a  

Ranuncu lus  g l a c i a l i s  

R h o d i c i a  r o s e a  

S a g i n a  i n t e r m e d i a  

S a g i n a  procumbens  

S a g i n a  s a g i n o i d e s  

S a l i x  h e r b a c e a  



S p e c i e s  

S a x i f r a g a  c e r n u a  

S a x i f r a g a  n i v a l i s  

S a x i f r a g a  o p p o s i t i f o l i a  

S a x i f r a g a  r i v u l a r i s  

Sedum annuum 

Sedum v i l l o s u m  

S i b b a l d i a  procumbens 

S i l e n e  a c a u l i s  

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

Taraxacum s p .  

Thymus d r u c e i  

T r i s e t u m  s p i c a t u m  

Vacc in ium u l i g i n o s u m  

V e r o n i c a  a l p i n a  

V e r o n i c a  f r u t  i c a n s  

V i s c a r i a  a l p i n a  

B r a c h y t h e c i u m  r i v u l a r e  

Bryum a f f i n e  

C e r a t o d o n  p u r p u r e u s  

Hygrohypnum s p .  

P h i l o n o t i s  t o m e n t e l l a  

P o h l i a  a n n o t i n a  

P o h l i a  p r o l i g e r a  

P o h l i a  w a h l e n b e r g i i  

P o l y t r  ichum a lp inum 

P o l y t r  ichum j u n i p e r  inum 

Rhacomi t r ium c a n e s c e n s  

Mosses  ( n o t  i d e n t i f i e d )  

R u s s u l a  a l p i n a  

P e l t i g e r a  a p t h o s a  

S t e r e o c a u l o n  s p .  



F i g u r e  1, A i r  p h o t o g r a p h  o f  S u r t s e y  l 3  J u l y  1967 .  L a n d m a i n g a r  

I s l a n d s  ( I c e l a n d i c  Su rvey  D e p a r t m e n t ) .  ABB t h e  p l a n t  - 
l o c a l i t i e s  men t ioned  i n  t h e  p a p e r  a s  t h e y  were on 

11 September  1967  a r e  marked on  t h e  p h o t o g r a p h .  Each 

o f  t h e  b i g g e r  marks  shows t h e  l o c a l i t y  o f  o n e  spec imen .  

1: Elymus a r e n a r i u s ,  2 :  ~ e s t u c a  r u b r a ,  3: M e r t e n s i a  masi- 
t i m a ,  4: Mosses ,  5:  Honkenya p e p l o i d e s ,  6:  C a k i l e  e d e n t u l a ,  - 
7: 2 1  spec imens  o f  Honkenya p e p l o i d e s  s c a t t e r e d  o v e r  a 

s m a l l  a r e a .  



P o s s i b l e  f o r m a t i o n  of  amji-o a c i d s  

when m o l t e n  l a v a  comes i n  c o n t a c t  w i t h  w a t e r  

by 
S t u r l a  F r i d r i k s s o n  

A g r i c u l t u r a l  R e s e a r c h  I n s t i t u t e ,  Reyk jav ik  

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

Dur ing  v o l c a n i c  e r u p t i o n s  m e t a l l i c  c a r b i d e s  a r e  exposed  t o  

t h e  a tmosphe re  and w a t e r  where  t h e y  r e a c t  t o  form s i m p l e  c a r b o n  

compounds. T h e s e  c a n  be t h e  f i r s t  s t e p s  i n  f u r t h e r  r e a c t i o n s  

t o w a r d s  amino a c i d s  and more complex o r g a n i c  compounds 

The e x p e r i m e n t  d e s c r i b e d  was per formed i n  o r d e r  t o  test  

whe the r  s i m p l e  o r g a n i c  compounds might  b e  s y n t h e s i z e d  from i n -  

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

While  t h e  p r e s e n t  e x p e r i m e n t  was b e i n g   prepared,^ g roup  o f  

S c i e n t i s t s  from " s t i o n a l  A e r o n a u t i c s  and Space  Adminis 'rat  i o n ,  

- h e S  R e s e a r c h  C e n t e r ,  M o f f e t t  F i e l d ,  C a l i f o r n i a ?  U. S.  A .  , v i s i t e d  

I c e l a n d  on O c t .  4 t h ,  1966 .  They were  a s s i s t e d  i n  c o l l e c t i n g  

s a m p l e s  o f  - 

a )  d r y  and wet  s u r f a c e  d u s t   fro^ S u r t s e y  s a n d  and a  c r a t e r  
0 f u m a r o l e  w i t h  t e m p e r a t u r e s  r a n g i n g  from 120  C t o  a t  l e a s t  

1 5 0 ' ~ .  

b )  a s h  from t h e  c r a t e r  i s l a n d  " S y r t l i n g u r "  b e f o r e  and a f t e r  

i t  t o u c h e d  t h e  s u r f a c e  o f  S u r t s e y .  

T h e s e  s a m p l e s  were  sna l .yzed  b y  C.. Ponnamperuma e t -  a l .  and a r e  

r e p o r t e d  on i n  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 I I  ( 1 9 6 7 )  

The w a t e r  e x t r a c t  o f  t h e  s ample  o f  " t h e  S u r t s e y  ash" con-  

t a i n e d  0 . 0 0 3  uM e a c h  o f  a s p a r t i c  a c i d  and a l a n i n e  a s  w e l l  a s  0 . 0 0 4  

uM e a c h  o f  g l y c i n e  and a e r i n e .  The H C 1  e x t r a c t  c o n t a i n e d  t r a c e s  o f  

g l y c i n e ,  s e r i n e  and a l a n i n e .  The f r e s h l y  c o l l e c t e d  a s h  was found 

t o  c o n t a i n  1 0 0  p a r t s  p e r  m i l l i o n  o f  o r g a n i c  m a t t e r  and t h a t  from 

t h e  f u m a r o l e s  50 p a r t s  p e r  m i l l i o n .  A s  s t a t e d  by Ponnamperuma 

(1967)  t h e r e  w e r e l  however ,  a  number o f  p o s s i b l e  s o u r c e s  o f  



c o n t a m i n a t i o n ,  s u c h  RS t h e  s e a  w a t e r  wh ich  c o n s t a n t l y  r u s h e d  i n t o  

t h e  c r a t e r ,  and o r g a n i c  m a t t e r  i n  t h e  a i r .  

The f o l l o w i n g  e x p e r i m e n t  d e s c r i b e d  h e r e ,  however ,  was c a r r i e d  

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

w a t e r  and a i r  w 3 s  p r e v e n t e d ,  and where t h e  n a t u r a l  phenomena o f  

c o n t a c t  be tween  m o l t e n  l a v a  and w a t e r  was d i r e c t e d  under  c o n t r o l l e d  

c o n d i t i o n s .  

Methods 

The e x p e r i m e n t  was pe r fo rmed  a s  f o l l o w s .  T h r e e  d i f f e r e n t  

k i n d s  o f  l i q u i d s  were  p r e p a r e d :  

1. D e s t i l l a t e d  w a t e r  D.W. 

2 .  F i l t r a t e d  s e a  w a t e r  S.W. 

T h i s  s e a  w a t e r  was c o l l e c t e d  off t h e  R e y k j a n e s  p e n i n s u l a .  

3 A r t i f i c i a l  s e a  w a t e r  A.S.W. 

T h i s  was p r e p a r e d  by d i s s o l v i n g  i n  d e s t i l l a t e d  w a t e r  

t h e  v a r i o u s  i n o r g a n i c  s a l t s  a s  l i s t e d  i n  f o r m u l a  1 

L i q u i d  no .  1 was s t e r i l i z e d  i n  a n  a u t o c l a v e .  L i q u i d s  n o s -  2 

and 3 w e r e  f i l t r a t e d  t h r o u g h  Z e i s s  f i l t e r s .  

The s o l u t i o n s  were  s t o r e d  i n  s t e r i l e  c o n t a i n e r s  i n  a  c o o l  

s t o r a g e .  T h r e e  g a l l o n s  o f  e a c h  sample  were  used  i n  t h e  e x p e r i m e n t ,  

b u t  one  g a l l o n  o f  e a c h  k e p t  a s  a  c o n t r o l .  

T h r e e  new aluminium v e s s e l s  o f  2 0  l i t e r s  c a p a c i t y  w i t h  l i d s  

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

w e r e  s t e r i l i z e d  i n  an  a u t o c l a v e  f o r  45 m i n u t e s .  t h e n  t h e y  were  

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

e x t r a  g l a s s  j a r s  were  a l s o  p r o v i d e d  f o r  and p r e p a r e d  a s  above ,  

l a t e r  t o  b e  f i l l e d  w i t h  c i n d e r .  

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

w e r e  a l s o  u s e d .  

On O c t .  1 4 t h  1966  an  e x p e d i t i o n  was made t o  S u r t s e y ,  t h e  new 

v o l c a n i c  i s l a n d ,  where i t  was p o s s i b l e  t o  g e t  a c c e s s  t o  m o ~ l t e n  

l a v a  i n  an i s o l s t e d  o p e n i n g  a p p r o x i m a t e l y  500 m from t h e  c r a t e r ,  



0 
where t h e  l a v ?  of  1.100 C t e m p e r a t u r e  f l o o d e d  from. t h e  c r a t e r  i n  

s u b t e r r a n e o u s  v e i n s  o r  c l o s e d  t u n n e l s  from under  t h e  s o l i d i f i e d  

s u r f a c e  of  somewhat o l d e r  l ? v a .  The s o l i d  l a v a  s u r r o u n d i n g  t h e  

open s p o t  was f r e e  o f  any v e g e t a t i o n  a s  S u r t s e y  mas a l m o s t  d e v o i d  

of  l i f e  and t h e  a tmosphe re  o v e r  t h e  s u r f a c e  of  S u F t s e y  i; f u r t h e r -  

more v e r y  c l e a n  w i t h  qu j . t e  a  low b a c t e r i a l  c o u n t .  T h i s  was t e s t e d  

on s e v e r a l  o c c a s i o n s  p r e v i o u s l y  and d u r i n g  t h e  summer 1966  ( F r i d -  

r i k s s o n  1965 ,  F r i d r i k s s o n  2nd K o l b e i n s s o n  1965 ,  and Kol.beinsson 

and F r i d r i k s s o n  1 9 6 7 ) .  

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

i n  i t e m  1, 2 and 3 had been. c a r r i e d  t o  t h e  i s l a n d  i n  n i n e  g a l l c r ,  

c o n t a i n e r s ,  t h r e e  g a l l o n s  o f  e a c h  s a m p l e  The aluminium v e s s e l s  

were t h e n  opened and e a c h  f i l l e d  w i t h  one  sample  o f  l i q u i d .  T h r e e  

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

Then m o l t e n  l a v a  was scoped  up w i t h  s l a d l e  from t h e  l a v a  s t r e a m  

and poured  i n t o  t h e  v e s s e l s ,  an  a p p r o x i m a t e l y  s i x  15s. p o r t i o n  

o f  l a v a  i n t o  e a c h  v e s s e l .  When t h e  m o l t e n  l a v a  came i n  c o n t a c t  

w i t h  t h e  l i q u i d  an  e x p l o s i v e  b o i l i n g  o c c u r r e d  w i t h  s t e a m  b e i n g  

e v o l v e d  f o r  c a .  5  m i n u t e s .  Then t h e  s o l u t i o n s  were  a g . . i n  t r a n s -  

f e r r e d  from t h e  a luminium v e s s e l s  t o  t h e  s t e r i l e  1 g a l l o n  g l a s s  

c o n t a i n e r s ,  t h r e e  c o n t a i n e r s  f o r  each  s o l u t i o n .  

The c i n d e r  from e a c h  l o t  was s e p a r a t e d  and t r a n s f e r r e d  t o  

t h r e e  s t e r i l e  gLass  j a r s  The s a m p l e s  were  t r a n s p o r t e d  t o  Reykja-  

v i k  and s t o r e d  i n  a  c o o l  s t o r a g e .  

On F e b r .  4 t h  1967 l i q u i d  s a m p l e s  were drawn from t h e  g l a s s  

f l a s k s  under  s t e r i l e  c o n d i t i o n s  f o r  b a c t e r i o l o g i c a l  i n v e s t i g a t i o c .  

L i q u i d  no .  2 and c o n t r o l  t u r n e d  o u t  t o  b e  c o n t a m i n a t e d  w i t h  2 

f l a g e l l a t e d  b a c t e r i u m .  b u t  t h ~  r s m a i n i n g  s a m p l e s  viere s t e r i l e .  

The c o n t a m i n a t i o n  o f  t h e  1 j .qu id  no.  2 i s  most l i k e l y  d u e  t o  

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

R e s u l t s  and A n a l y s i s  
v 

a )  Rock s a m p l e s  o f  e a c h  t r e a t m e n t  <1, 2 and 33 were  s e o t  t o  

D r .  C. Ponnamperuma o f  N . h  S..A.,  C a l i f o r n i a ,  Two s a m p l e s  



o f  No. 1 and one  sample o f  No. 2 and Fo .  3 .  Two o f  t h e  

c o n t a i ~ e r s  b r o k e  d u r i n g  t h e  t r a n s p o r t  and whec t h e  r e m a i n i n g  

two were  t e s t e d ,  No. 1 and No. 2  were b o t h  c o n t a m i n a t e d .  

b )  A r o c k  s a m p l e  o f  t r e a t m e n t  1 ( r o c k  from d i s t i l l e d  w a t e r )  

was s h i p p e d  i~ t h e  s t e r j . l i z e d  c o n t a i n e r s  t o  D r .  Sidiaey W .  Fox, 

I n s t i t u t e  o f  Molecu la r  E v o l u t i o n ,  U n i v e r s i t y  o f  Main ,  Cora?  

G a b l e s ,  F l o r i d a ,  U. S .  A .  When t h i s  sample  was t e s t e d  f o r  con-  

t a m i n a t i o n , b o t h  b e f o r e  s h i p p i n g  from I c e l a n d  and ir F l o r i d a ,  

i t  p roved  t o  he  f r e e  of  o r g a n i s m s .  Z t  a r r i v e d  i n  good c o n d i t i o n  

and was t e s t e d  f o r  amino a c i d s  by a n a l y s c s  of  t h e  e x t r a c t  a s  

w e l l  a s  o f  t h e  c r u s h e d  sample .  - 
Amino a c i d s  were  found p r e s e n t  i n  b o t h  c a s e s  a s  i a d i c a t e d  

i n  a t t a c h e d  l i s t .  On t h e  whole  t h e  v a l u e s  were  h i g h e r  t h a n  

i n  a s h  s a m p l e s  c o l l e c t e d  by Ponn~mperum? e t . a l .  e x c e p t  f o r  

t h e  two s u l f u r - c o n t a i n i n g  amino a c i d s ,  m e t h e n i n e  and c y s t i n e  

The sample  a l s o  c o n t a i n e d  a  h i g h  NH3 v a l u e  1 . 2 4 3  ubl i n d i -  

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

ment .  

A l l  p r e c a u t i o n a r y  m e a s u r e s  had b e e n  t a k e n  t o  p r e v e n t  t h e  s amples  

e v e r  com+ng i n  c o n t a c t  x i t h  any o r g a n i c  m a t t e r .  Sample No. l -was 

a l w a y s  k e p t  i n  t h e  cl.ean s t e r i l e  j a r  o r  d i s t i l l e d  w a t e r .  A l l  imple-  

men t s  used were  washed t h o r o u g h l y  w i t h  d i s t i l l e d  w a t e r  and s t e r i l -  

i z e d .  And t h e  t e s t  f o r  c o n t a m i n a t i o n  was pe r fo rmed  i n  a s t e r i l i z i n g  

chamber st t h e  P a t h o l o g i c a l  I n s t i t u t e ,  R e y k j a v i k .  I t  would f u r t h e r -  

more have  t o  b e  c o n s i d e r e d  h i g h l y  u n l i k e l y  t h a t  t h e  samp1.e o f  d i s ~ -  

t i l l e d  w a t e r  and c i n d e r  from S u r t s e y  vrould s e r v e  a s  ;. f a v o u r a b l e  

medium f o r  g rowth  i f  i n c i d e n t a l l y  cont-aminated hy b a c t e r i a .  

A s  c o n t a m i n a t i o n  must b e  r e g a r d e d  improbab le  i t  must. b e  

c o n s i d e r e d  e x t r e m e l y  l i k e l y  t h a t  an ,-.mino a c i d  s y n t h e s i s  d i d  t a k e  
0 

p l a c e  when m o l t e n  b a s a l t i c  lava.  o f  t e m p e r a t u r e s  a t  1100 C came i n  

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

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

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

b u t  r a t h e r  t h a t  i t  c a n  t a k e  p l a c e  w h e r e - e r  c o n d i t i o n s  may b e  

s i m i l a r  t o  t h e  c o n d i t i o n s  t h e n  p r e s e n t .  Sue.'?. c o n d i t i o n s  may b e  



produced  d u r i n g  submar ine  v o l c a n i c  a c t i v i t i e s .  And t h e s e  c o n d i t i o n s  

may j u s t  have  been  p r e s e n t  d u r i n g  t h e  S u r t s e y  e r u p t i o n .  T h e r e  t h e  

b a s i c  compounds r e q u i r e d  f o r  t h e  s y n t h e s i s  were a v a i l a b l e  i n  

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

abou t  was a v a i l a b l e  i n  forms  o f  l i g h t n i n g s  and t e m p e r a t u r e s  o f  

o v e r  1 1 0 0 ~ ~  ( F r i d r i k s s o r ;  1 9 6 6 ) .  Absence o f  oxygen is  f u r t h e r m o r e  

c o n s i d e r e d  a  n e c e s s i t y  f o r  t h e  s y n t h e s i s .  T t  is  r e g a r d e d  t o  have 

been  a l m o s t ,  i f  n o t  e n t i r e l y ,  a b s e n t  from t h e  p r i m i t i v e  a tmosphe re .  

I n  compar i son  a n a l y s i s  o f  v o l c a n i c  g a s e s  from S u r t s e y  a s  c o l l e c t e d  

by S i g v a l d a s o n  e t . a l .  (1967)  d i d  simi1ar:q.:~ n o t  show any f r e e  oxygen 

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

f o r m a t i o n  o f  l i f e ,  t h e  much s i m i l a r  c o n d i t i o n s  a t  S u r t s e y  may have 

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

compounds. 
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Formula A r t i f i c i a l  Sea  Water 

NaCl 

MgC12 

MgS04 

CaS04 

K2S04 
CaC03 

KBr 

SrS04 

H3B03 



ANALYSIS FOR AMINO ACIDS , 

ana ly : .~ed  from a r o c k  sample from S u r t s e y  

Amlno u Moles 

Acids  A B 
- 

LY s 
H i s  

NH3 
h g  

A s  P 
T h r  

S e r  

G l  u  

P r o  

G ~ Y  

A 1  a 

V a l  

Met: 

I l e u  

Leu 

TY r 
Phe 

A - E x t r a c t  o f  S u r t s e y  Rock 

B - Crushed S u r t s e y  Rock 



The C o l o n i z a t i o n  o f  V a s c u l a r  P l a n t s  on S u r t s e y  i n  1 9 6 7  
,- 

by 
S t u r l a  F r i d r i k s s o n  and B j o r n  J o h n s e n  

A g r i c u l t u r a l  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  

T h i s  r e p o r t  d e s c r i b e s  t h e  r e c o r d s  made o n  t h e  c o l o n i z a t i o n  o f  

v a s c u l a r  p l a n t s  on S u r t s e y  d u r i n g  t h e  summer o f  1 9 6 7 ,  a s  w e l l  a s  t h e  

p l a n n i n g  o f  f i x e d  q u a d r a t e s  on t h e  f o u r  ma jo r  s u b s t r a t e s  o f  t h e  i s l a n d ,  

The s t u d y  was f i n a n c e d  by t h e  U.S. Atomic Energy Commission unde r  

g r a n t  No- AT(30-1)3549. 

Method o f  i n v e s t i g a t i o n  

D u r i n g  t h e  summer t h e  i n v e s t i g a t i o n  on  t h e  i s l a n d  was a l m o s t  

c o n t i n u o u s  f rom 3 1 s t  March t o  2 4 t h  Sep tember .  The i s l a n d  was v i s i t e d  

o c c a s i o n a l l y  d u r i n g  t h e  w i n t e r  months .  Th roughou t  t h i s  p e r i o d  t h e  

deve lopmen t  o f  v e g e t a t i o n  on  S u r t s e y  was o b s e r v e d  r e g u l a r l y .  For  t h i s  

p u r p o s e ,  among o t h e r  t h i n g s ,  t h e  s t u d e n t  S i g u r d u r  R i c h t e r  was 

s t a t i o n e d  on  t h e  i s l a n d ,  The a u t h o r s  made s h o r t e r  v i s i t s .  D a i l y  t o u r s  

o f  i n s p e c t i o n  were  made,  and t h e  n o r t h e r n  p a r t  o f  t h e  i s l a n d  examined 

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

p l a n t s  we re  r e c o r d e d  a s  t h e y  were  f o u n d , -  and t h e i r  p r o g r e s s  f o l l o w e d  

d u r i n g  t h e  summer. Every  p l a n t  was marked w i t h  a  s t a k e  b e a r i n g  i t s  

number ,  and t h e  p o s i t i o n  o f  a l l  p l a n t s  p l o t t e d  on an  a i r - p h o t o g r a p h ,  

P h o t o g r a p h s  were  t a k e n  o f  t h e  p l a n t s  f o r  r e c o r d  p u r p o s e s .  About t h e  

m i d d l e  o f  J u l y  t h e  i s l a n d  was v i s i t e d  by a  t eam o f  s u r v e y o r s  who 

p r o c e e d e d  t o  map a  g r i d  o v e r  t h e  i s l a n d  and s e l e c t  q u a d r a t e s  r e -  

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

we re  measured  t h r o u g h o u t  t h e  i s l a n d .  These  w e r e  l a t e r  marked by 

c o n s P i c u o u s  marks  ( s a n d b a g s )  f o r  a e r i a l  p h o t o g r a p h y  . The i s l a n d  was 

p h o t o g r a p h e d  from t h e  a i r  on  1 8 t h  J u l y  d u r i n g  e x c e l l e n t  w e a t h e r  

c o n d i t i o n s ,  c a lm  w e a t h e r  and s u n s h i n e .  From c o o r d i n a t e s  05  and 42 

i n  tlfe n a t i o n a l  g r i d  s y s t e m  a  g r i d  was l a i d  o v e r  t h e  i s l a n d .  The 

s q u a r e s  a r e  e a c h  o n e  h e c t a r e  i n  a r e a  and i d e n t i f i e d  by a  l e t t e r  and 

number ,  e .  g ,  A 1, B 2 ,  e t c .  The n o r t h  s h o r e  was c l o s e l y  s u r v e y e d  

a c c o r d i n g  t o  t h i s  s y s t e m  and t h e  c o r n e r s  o f  t h e  s q u a r e s  marked w i t h  

i r o n  p i p e s .  A f t e r  t h i s ,  t h e  l o c a t i o n  o f  t h e  p l a n t s  w i t h i n  t h e  s q u a r e s  



was d e t e r m i n e d  and p l o t t e d  on t h e  a e r i a l  p h o t o g r a p h ,  from which t h e  

accompanying map is  drawn,  Four f i x e d  q u a d r a t e s  were c h o s e n  and 

s p e c i a l l y  marked f o r  f u t u r e  more d e t a i l e d  e x a m i n a t i o n .  Two were  i n  

t h e  n o r t h e r n  p a r t  o f  t h e  i s l a n d ,  D 11 and F 1 5 ,  w h i l e  two were  on 

t h e  l a v a  i n  t h e  s o u t h ,  K 18 and 3 3 .  

S u b s t r a t e s  

One o f  t h e  v i t a l  c o n d i t i o n s  f o r  t h e  e f f e c t i v e  c o l o n i z a t i o n  o f  

p l a n t s  is  t h e  e x i s t e n c e  o f  a  f a v o u r a b l e  s o i l  i n  which  p l a n t s  c a n  t a k e  

r o o t  and grow,  

S i n c e  S u r t s e y  f i r s t  emerged from t h e  s e a ,  many c h a n g e s  have 

t a k e n  p l a c e  f rom y e a r  t o  y e a r ,  w i t h  an  a l t e r n a t i o n  be tween  b u i l d i n g  

up and b r e a k i n g  down, a l l  o f  w h i c h  have  gone t o  form t h e  l a n d s c a p e  

and topography  o f  t h e  i s l a n d ,  A t  p r e s e n t  t h e r e  have b e e n  formed f o u r  

major  t y p e s  o f  s u b s t r a t e s  on S u r t s e y :  t u f f ,  o l d  l a v a ,  new l a v a  and 

b e a c h  s a n d ,  

a )  A g r e a t  d e a l  o f  t h e  c e n t r a l  p a r t  o f  t h e  i s l a n d  was formed 

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

s u b s t r a t e ,  which  is g r a d u a l l y  h a r d e n i n g ,  I t  was c o n t i n u o u s l y  

mixed w i t h  ocean  w a t e r  and h a s  s t i l l  a  h i g h  s a l t  e o n t e n t ,  

b )  Lava from t h e  f i r s t  o u t b r a k e ,  m o s t l y  o v e r l a i d  w i t h  c i n d e r  

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

d e a l  o f  t h e  s o u t h e r n  p a r t  o f  S u r t s e y .  

c )  New b a r e  l a v a  was formed a f t e r  a  c e r t a i n  p a u s e  i n  t h e  

v o l c a n i c  a c t i v i t y  on t h e  i s l a n d ,  s t a r t i n g  on 1 9 t h  August 

1966 and c o n t i n u i n g  w i t h o u t  a  b r e a k  f o r  n e a r l y  94 mon ths ,  

coming t o  an end on 4 t h  J u n e  1967 .  Dur ing  t h i s  p e r i o d  t h e  

i s l a n d  grew a c e r t a i n  amount t o w a r d s  t h e  s o u t h - e a s t  owing 

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

0 , 6  sq .km,  

d )  The b e a c h  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 ,  b e a c h e s  o f  

c i n d e r ,  pumice and l o o s e  l a v a  f r a g m e n t s  s t a r t e d  t o  form 

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

~ 1 9 6 6 - 6 7  t h i s  p r o c e s s  c o n t i n u e d  and a  c o n s i d e r a b l e  q u a n t i t y  





o f  l o o s e  t e p h r a  from t h e  s o u t h  o f  t h e  i s l a n d  was heaped  up 

on t h e  n o r t h e r n  s i d e .  I n  t h i s  way abou t  0 . 1 3  - 0 . 1 5  sq .km,  

were  added t o  t h e  n o r t h  b e a c h ,  T h i s  i n c r e a s e  o f  b e a c h  a r e a  

on t h e  n o r t h  s i d e  c r e a t e d  c o n d i t i o n s  much more f a v o u r a b l e  

t o  p l a n t  c o l o n i z a t i o n  i n  t h e  f o l l o w i n g  summer t h a n  had 

e x i s t e d  i n  t h e  p r e v i o u s  o n e .  Under normal  c i r c u m s t a n c e s  t h e  

f o r m a t i o n  o f  s o i l  on I c e l a n d i c  l a v a  i s  a  r e l a t i v e l y  s low 

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

p l a n t  g rowth  c a n  d e v e l o p  r a p i d l y .  On S u r t s e y  v a r i o u s  forms  

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

amount o f  seaweed and d r i f t w o o d ,  a s  w e l l  a s  t h e  r e m a i n s  o f  

v a r i o u s  m a r i n e  o r g a n i s m s ,  s u c h *  a s  f i s h  and p l a n k t o n .  T h i s  

o r g a n i c  m a t t e r  mixes  w i t h  t h e  s a n d ,  which  i s  washed o u t  

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

b e g i n s  t o  d i s i n t e g r a t e ,  L a r g e  numbers o f  s e a b i r d s  ( v a r i o u s  

s p e c i e s  o f  g u l l )  f r e q u e n t  t h e  s h o r e ,  s u p p l e m e n t i n g  t h e  

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

s t e p  i n  f o r m a t i o n  o f  s o i l  on t h e  b e a c h ,  however ,  i s  n o t  

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

d i s t u r b a n c e  o f  t h e  o r d e r  i n  which  t h e  m a t e r i a l  may b e  

d e p o s i t e d  c h u r n i n g  up w h a t e v e r  a r r angemen t  t h e r e  migh t  

have  b e e n .  The mos t  s o l u v e  n u t r i e n t s  a r e  washed away, 

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

However, t hough  a  g r e a t  d e a l  o f  o r g a n i c  m a t t e r  is  t h u s  l o s t ,  

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

T h i s  c y c l e  is  r e p e a t e d  a n n u a l l y ,  s o  t h e r e  i s  no  q u e s t i o n  

o f  a  r e a l l y  s t a b l e  f o r m a t i o n  o f  s o i l  on  t h e  s h o r e -  However, 

some o r g a n i c  m a t t e r  may b e  c a r r i e d  up t h e  b e a c h  beyond t h e  

h i g h e s t  t i d e  mark ,  and t h u s  s u p p l y  t h e  b a s i s  f o r  a more 

c o n s i s t e n t  s o i l  f o r m a t i o n ,  and s u c h  c o n d i t i o n s  now e x i s t  

on t h e  n o r t h e r n  s h o r e  o f  S u r t s e y .  

D e s c r i p t i o n  o f  f i x e d  q u a d r a t e s  

F o l l o w i n g  t h e  s u r v e y i n g  o f  t h e  i s l a n d ,  f o u r  q u a d r a t e s  were 

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

i d e n t i f i e d  by l e t t e r s  and f i g u r e s  a s  D 11, F 1 5 ,  K 1 8  and J 3 -  



D 11 l i e s  t o  t h e  no r th -wes t  o f  t h e  h u t  and e x t e n d s  o v e r  a  low 

r i d g e ,  B 6 l f e l 1 ,  c a .  10-20 m above s e a l e v e l ,  where  m e t e o r o l o g i c a l  

i n s t r u m e n t s  h a v e  b e e n  i n s t a l l e d .  The s u b s t r a t u m  i s  c i n d e r s ,  s i m i l a r  

t o  t h a t  found i n  t h e  n e i g h b o u r i n g  h i l l s  and formed i n  t h e  e a r l i e s t  

p h a s e  o f  t h e  e r u p t i o n .  

F 1 5  is e a s t  o f  t h e  s o u t h e r n  l a g o o n .  W i t h i n  t h e  q u a d r a t e  i s  an 

a r e a  o n c e  c o v e r e d  by t h e  o l d e r  l a g o o n ,  t h o u g h  t h e  g r e a t e r  p a r t  o f  

t h i s  h a s  s i n c e  been  f i l l e d  up by s a n d  and l a v a .  The q u a d r a t e  i s  on 

a l e v e l  p l a t f o r m  o f  s a n d  a b o u t  6  m above s e a l e v e l .  The s u b s t r a t u m  

is washed o u t  b e a c h  s a n d  mixed w i t h  v a r i o u s  k i n d s  o f  d r i f t  m a t e r i a l .  

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

v e s t i g a t i o n ,  i . e .  2 4  i n d i v i d u a l s ,  wh ich  a l l  a r e  c o a s t a l  s p e c i e s ,  

we re  found  i n  t h i s  a r e a .  

K 18 l i e s  on t h e  e a s t e r n  m a r g i n s  o f  t h e  new l a v a ,  wh ich  is - 
b a r e  and h a s  n o t  b e e n  o v e r l a i d  w i t h  c i n d e r .  T h i s  may b e  r e g a r d e d  a s  

a l i k e l y  a r e a  f o r  t h e  c o l o n i z a t i o n  o f  t h e  f i r s t  l ower  p l a n t  l i f e ,  

s u c h  a s  mosses  and l i c h e n s ,  t h u s  p r e p a r i n g  t h e  way f o r  h i g h e r  s p e c i e s .  

J 3 i s  i n  t h e  n o r t h w e s t e r n  a r e a  o f  t h e  o l d e r  l a v a ,  a b o u t  1 5 0  m - 
f rom t h e  s e a  and 16  m above s e a l e v e l .  An a u t o m a t i c  m e t e o r o l o g i c a l  

s t a t i o n  h a s  b e e n  i n s t a l l e d  h e r e .  The q u a d r a t e  is l e v e l  f o r  t h e  most  

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

r o p e y - t y p e  l a v a  w i t h  a  10-15 c m  o v e r l a y  o f  a s h .  The a s h ,  d e r i v i n g  

from t h e  e r u p t i o n  o f  t h e  s m a l l e r  i s l a n d s  S y r t l i n g u r  and J 6 l n i r ,  f i l l s  

a l l  h o l l o w s  and c r e v i c e s  i n  t h e  l a v a  and may t h e r e f o r e  a c c e l e r a t e  

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

T h e s e  q u a d r a t e s  were  s e l e c t e d  t o  p r o v i d e  a s  wide  a  v a r i e t y  o f  

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

washed o u t  b e a c h  s a n d ;  l o o s e  t e p h r a  and a s h ,  wh ich  h a r d e n s  t o  t u f f ;  

b a r e ,  r e c e n t  l a v a ;  and o l d e r  l a v a  w i t h  a  s u r f a c e - l a y e r  o f  a s h .  I t  

w i l l  b e  i n t e r e s t i n g  t o  t r a c e  t h e  c h a n g e s  i n  t h e  s u b s t r a t a  wh ich  w i l l  

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

D e s c r i p t i o n  o f  v e g e t a t i o n  

I n  S u r t s e y  R e p o r t s  I1 and I11 a n  a c c o u n t  was g i v e n  o f  t h e  



c o l o n i z a t i o n  o f  p l a n t s  on S u r t s e y  1 9 6 5 - 6 6 .  I n  t h e  f i r s c  y e a r  a b o u t  

30 p l a n t s  o f  t h e  s p e c i e s  C a k i l e  e d e n t u l a  were  found i n  E 1 4 ,  I n  t h e  

s e c o n d  y e a r  4 s e e d l i n g s  o f  Elymus z r e n a r i u s  and one p l a n t  o f  C a k i l e  

e d e n t u l a  were  found i n  C 11 These  p l a n t s  l a s t e d  o n l y  a v e r y  s h o r t  -- 
t i m e  i n  b o t h  y e a r s ,  and t h e y  were  n o t  t o  d e v e l o p  beyond t h e  s e e d l i n g  

s t a g e .  However,  t h e  summer o f  1967 h a s  b e e n  more f a v o u r a b l e  on  S u r t s -  

e y ,  and 52 i n d i v i d u a l s  o f  4  s p e c i e s  o f  v a s c u l a r  p l a n t s  have  b e e n  r e -  

c o r d e d ,  b e s i d e  two s p e c i e s  o f  Bsyophy ta .  One o f  t h e s e  mosses  was i n  - 
a s m a l l  p a t c h  on t h e  n o r t h e r n  s h o r e  o f  t h e  l a g o o n ,  and t h e  o t h e r  J u s t  

by t h e  o l d  c r a t e r  ( s e e  B e r g t h o r  J 6 h a n n s s o n 7 s  and Xythor  E i n a r s s o n ' s  

r e p o r t s ) ,  I n  t h e  e a r l y  summer 1 5  i n d i v i d u a l s  o f  C a k i l e  e d e n t u l a  had -- 
b e e n  o b s e r v e d ,  t h e  f i r s t  p l a n t  b e i n g  d i s c o v e r e d  on 1 8 t h  May. Most o f  

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

wind e r o s i o n .  L a t e r  d u r i n g  t h e  summer a l t o g e t h e r  2 1  i n d i v i d u a l s  were  

r e c o r d e d  o f  which  1 5  f l o w e r e d  and 6 b o r e  ma tu red  p o d s ,  The s p e c i e s  

i s  a n n u a l ,  Of Bonckenya p e p l o i d e o  26  i n d i v i d u a l s  were  r e c o r d e d ,  s 

number o f  wh ich  p roduced  c o n s i d e r a b l e  v e g e t a t i n g  g r o w t h ,  t h o u g h  none 

f l o w e r e d  d u r i n g  t h e  summer. T h i s  s p e c i e s  is  p e r e n n i a l ,  The t h i r d  

s p e c i e s  was Elymus a r e n a r i u s ,  which  is  a p e r e n n i a l  g r a s s  s p e c i e s  

and o f  wh ich  4 i n d i v i d u a l s  were  f o u n d .  T h e s e  o n l y  s e t  a fern l e a v e s  

and d i d  n o t  f l o w e r ,  The most  d e v e l o p e d  i n d i v i d u a l  o f  t h e s e  was 41  ca 

i n  h e i g h t ,  The f o u r t h  s p e c i e s  was M e r t e n s i a  m a r i t i m a ,  a p e r e n n i a l  of - -- 
w h i c h  o n l y  one  spec imen  was found on  t h e  "New Year" l a v a  by t h e  

l a g o o n ,  i n  E 1 3 ,  I t  was t r o d d e n  on  and o n l y  one  l e a f  r e m a i n e d  %hen 

l a s t  e x a m i n e d ,  See  T a b l e  1 and accompanying map. 

Almost h a l f  t h e  r e c o r d e d  s p e c i m e n s  were  on a s i n g l e  s t r i p  o f  

d r i f t - l a y e r  i n  F 1 5 ,  a b o u t  1 5 0  m f rom t h e  s h o r e ,  I t  may b e  assumed 

t h a t  t h i s  l a y e r  was formed by an e x c e p t i o n a l l y  h i g h  t i d e ,  r e a c h i n g  

a P o i n t  t o  wh ich  t h e  s e a  h a s  n o t  y e t  s i n c e  a t t a i n e d ,  and f o r  t h i s  

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

u n d i s t u r b e d .  I t  is  c o n c e i v a b l e  t h a t  some o f  t h e  p e r e n h i a l s  wh ich  

w e r e  t h e r e  may manage t o  s u r v i v e  t h e  w i n t e r ,  p r o v i d e d  t h a t  t h e  

q u a d r a t e  F 1 5  is n o t  d i s t u r b e d  undu ly  by t h e  s e a ,  A s  may b e  s e e n  

f rom T a b l e  1, t h e  v a r i o u s  s p e c i m e n s  o f  C a k i l e  e d e n t u l a  began  t o  -- -- - 
g e r m i n a t e  a t  d i f f e r e n t  t i m e s  and grew u n d e r  v a r y i n g  c o n d i t i o n s .  Some 



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

normal  g rowth  and b o r e  f l o w e r s  and m a t u r e  p o d s .  

The f i r s t  p l a n t  t o  f l o w e r  on S u r t s e y  was C a k i l e  e d e n t u l a  no .  3 

i n  F 1 5 .  We o b s e r v e d  i t  i n  f l o w e r s  d u r i n g  an e x p e d i t i o n  on 2 6 t h  June .  

I t  l a t e r  s e t  m a t u r e  p o d s .  S i n c e  t h e n  1 5  i n d i v i d u a l s  o f  t h i s  s p e c i e s  

f l o w e r e d  and 6 produced  ma tu red  p o d s .  The t o t a l  number o f  pods  formed 

were  a p p r o x i m a t e l y  300 w i t h  a l m o s t  t w i c e  a s  many s e e d s .  

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

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

a  new g e n e r  a t  i o n .  
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L i s t  o f  p l a n t s  foucd  ,In S u r t s e y  1967 - 

Loca- D a t e  o f  Maximum s t  age  Flower-  No,, o f  No , S p e c i e s  t i o n  d i s -  o f  g rowth  i n g  pods  de -  
c o v e r y  t i m e  v e l o p e d  

1. Honckenya p e p l o i d e s  F 1 5  

2 ,  Honckenya p e p l o i d e s  F 1 5  

3 ,  C a k i l e  e d e n t u l a  I? 1 5  

4 ,  W i l t e d  g r a s s  
s e e d l i n g  

5 .  Honckenya p e p l o i d e s  G 1 6  

6. C a k i l e  e d e n t u l a  G 16  

C a k i l e  e d e n t u l a  C 12 

C a k i l e  e d e n t u l a  C 12 

C a k i l e  e d e n t u l a  D 12 

Honckenya p e p l o i d e s  F 1 5  

Honckenya p e p l o i d e s  F 1 5  

Honckenya p e p l o i d e s  F 1 5  

Honckenya p e p l o i d e s  F 1 5  

Honckenya p e p l o i d e s  F 1 5  

Honckenya p e p l o i d e s  F 1 5  

Eonckenya p e p l o i d e s  F 1 5  

Bonckeaya p e p l o i d e s  F 1 5  

C a k i l e  e d e n t u l a  C 12 

C a k i l e  e d e n t u l a  F 1 5  

2 0 ,  C a k i l e  e d e n t u l a  D 12  

3 1 .  Honckenya p e p l o i d e s  F 1 5  

22 Honckenya p e p l o i d e s  F 1 5  

2 3 ,  Elymus s r e n a r i u s  F 1 5  

2 4 ,  Elymus a r e n a r i u s  F 1 5  

2 5 ,  Monckenya p e p l o i d e s  F 1 5  

2 6 ,  Honckenya p e p l o i d e s  F 1 5  

2 7 ,  C a k a l e  e d e n t u l a  F 1 5  

2 8 .  C a k i l e  e d e n t u l a .  B 13 

8  l e a v e s  on a  b r a n c h  

1 0  l e a v e s  on a  b r a n c h  

1 0  b r a n c h e s  w i t h  leaves ,  more t h a n  
f l o w e r s  and pods  26/6 50 pods  

one  s t a 3 k  and 6 l e a v e s  

1 5  b r a n c h e s  w i t h  l e a v e s  
f l o w e r s  and m a t u r e  p o d s  6 /7  40 pods  

c o t y l e d o n o u s  

c o t y l e d o n o u s  

6 l e a v e s  and f l o w e r b u d s  

2  b r a n c h e s  w i t h  12  l e a v e s  

3 b r a n c h e s  w i t h  2 4  l e a v e s  

1 b r a n c h  w i t h  6 l e a v e s  

1 b r a n c h  w i t h  1 0  l e a v e s  

1 b r a n c h  w i t h  1 4  l e a v e s  

2  b r a n c h e s  w i t h  1 9  l e a v e s  

5  b r a n c h e s  w i t h  5 0  l e a v e s  

1 b r a n c h  w i t h  1 4  l e a v e s  

1 b r a n c h  w i t h  f l o w e r s  3 /8  

1 b r a n c h  w i t h  3 l e a v e s  
8 f l o w e r  s t a l k s  318  

1 b r a n c h  w i t h  6  l e a v e s  
and 12 f l o w e r  s t a l k s  14 /7  

1 b r a n c h  w i t h  11 l e a v e s  

2  b r a n c h e s  w i t h  1 4  l e a v e s  

2  l e a v e s  1 2  c m  

3 s t o l o n s  2 5  cm,20  c m ,  40 c m  

1 s t e m  w i t h  8 l e a v e s  

1 s t e m  w i t h  7  l e a v e s  

6  b r a n c h e s  w i t h  l e a v e s  
and f l o w e r s  

1 s t e m  w i t h  4  l e a v e s  

30  m a t u r e  
pods  



--. - 
Loca- Date  o f  Maximum s t a g e  F lower-  No, o f  

No, S p e c i e s  t i o n  d i s -  o f  g rowth  i n g  pods  d e -  
c o v e r y  t i m e  v e l o p e d  

2 9 .  C a k i l e  e d e n t u l a  B 1 3  

3 0 .  Honckenya p e p l o i d e s  H 1 6  

3 1 .  C a k i l e  e d e n t u l a  B 1 4  

3 2 .  C a k i l e  e d e n t u l a  B 11 

3 3 .  C a k i l e  e d e n t u l a  B 11 

3 4 .  C a k i l e  e d e n t u l a  B 11 

3 5 .  C a k i l e  e d e n t u l a  E 12 

36 ,  C a k i l e  e d e n t u l a  E 12 

3 7 .  Elymus a r e n a r i u s  E  1 4  

3 8 ,  C a k i l e  e d e n t u l a  J 1 7  

39, Honckenya p e p l o i d e s  F 1 5  

4 0 ,  Elymus a r e n a r i u s  F 1 5  

4 1 ,  C a k i l e  e d e n t u l a  F 1 5  

4 2 .  Honckenya p e p l o i d e s  F 1 5  

1 s t em w i t h  4  l e a v e s  

4 l e a v e s  

s t e m  and l e a v e s ,  
f l o w e r s  3/73 

2  b r a n c h e s  w i t h  9  l e a v e s  
2  s t a n d s  o f  f l o w e r s  3/8 

s t e m  w i t h  8 l e a v e s  
and f l o w e r s  3/8 

4  b r a n c h e s  w i t h  1 6  
l e a v e s ,  f l o w e r s  3 / 8  

6  b r a n c h e s  w i t h  8 more than  
f l o w e r  s t a l k s  3 /8  50  pods  

b i g  p l a n t  w i t h  number more than 
of  b r a n c h e s  and f l o w e r  5 0  pods  
s t a l k s  5/7  

3 l e a v e s ,  1 5  c m  

dwarf  p l a n t ,  1 s t e m  w i t h  
2 l e a v e s  and f l o w e r  b u d s  

s t e m  w i t h  12  l e a v e s  

2 l e a v e s  

1 s t e m  4  l e a v e s  1/2 c m  

s t e m  w i t h  4 l e a v e s  

4 3 ,  Honckenya p e p l o i d e s  F 1 5  20/7 1 s t e m  w i t h  1 4  l e a v e s  

44. Honckenya p e p l o i d e s  H 1 7  28/7 s e e d l i n g  

4 5 ,  Honckenya p e p l o i d e s  H 1 7  28/7 1 s t e m  w i t h  7  l e a v e s  

46 .  Honckenya p e p l o i d e s  H 1 7  28/7 1 s t e m  w i t h  6  l e a v e s  

47, C a k i l e  e d e n t u l a  H 1 7  28/7  1 s t e m  w i t h  4 l e a v e s  
and f l o w e r s  3/8 

48 .  C a k i l e  e d e n t u l a  A 1 3/8 1 s t e m  w i t h  7  l e a v e s  
and 2  f l o w e r  s t a l k s  3/8 

4 9 .  Monckenya p e p l o i d e s  H 1 7  3/8 1 s t e m  w i t h  4 l e a v e s  

5 0 ,  Honckenya p e p l o i d e s  F 1 5  3/8 1 s t e m  w i t h  7  l e a v e s  

5 1 .  M e r t e n s i a  m a r i t i m a  E 13 11/8  1 c o p l e d o n  and 2 l e a v e s  

5 2 .  C a k i l e  e d e n t u l a  E 1 3  11/8 5  b r a n c h e s  w i t h  f l o w e r s  
and p o d s  

53. F u n a r i a  hygromet r ica  B 12  11/8 

5 4 .  P u n a r i a  hygromet r ica  K 1 0  9/9 

5 5 .  Bryum a rgen teum K 1 0  9/9 

more t h a n  
11/8 50  p o d s  



R e c o r d s  o f  D r i f t e d  P l a n t  P a r t s  on  S u r t s e y  1967 -- 

by 

S t u r l a  F r i d r i k s s o n  and B j o r c  Johnsen  
The A g r i c u l t u r a l  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  

A l l  t h e  v a s c u l a r  p l a n t s  colonizing S u r t s e y  up t o  t h e  y e a r  

1967  have  grown from d r i f t e d  s e e d ,  I t  may, however ,  h e  c o n s i d e r e d  

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

t a k e  r o o t s  on t h n  s h o r e  ~ f  c o n d i t j . o n s  a r e  f a v o u r a b l e .  An i n v e s t a -  

g a t i o n  o f  t h e  p l a n t  r i l a t e r ~ a l  d r i f t i n g  t o  t h e  i s l m d  - ~ o u l d  -<-i-c?l.  

what s p e c i e s  m ~ g h t  have a  c h a n c e  t o  e s t a b l i s h  i n  t h i s  way. T'hr 

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

p e r i o d  i n  t h e  sunimer 1967.  R e c o r d s  were  made o f  d r l f t e d  p l a n t  

m a t e r i a l  w h i c h  i s  c o a s t a n t l y  b e i n g  washed a s h o r e ,  and from t h i s  

material s a m p l e s  v e r e  t a k e n  f o r  f u r t h e r  s t u d y .  

I n  t h e  t a b l e  p l a n t  p a r t s  o f  v a r i o u s  s p e c i e s  found  d r i f t e d  

a s h o r e  i n  S u r t s e y  d u r i n g  t h e  y e a r  1967  a r e  r e c o r d e d .  The t o t a l  

number found  a r e  1 6  s p e c i e s  o f  v a s c u l a r  p l a n t s  and one  l i c h e n  s p . ,  

Z a n t h o r i a  p a r e t a l i s ,  I t  is d i f f i c u l t  t o  s t a t e  f rom where  t h e s e  
-2 - 

p l a n t  p a r t s  have  clerj-ved, a s  t h e y  a r e  o f  r a t h e r  common o c c u r r e n c e  

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

i s l a n d s  and rt is most l i k e l y  t h a t  t h e y  have  d e s ~ . v e d  from t h e r e ,  

t h i s  b e i n g  t h e  s h o r t e s t  d i s t a n c e  f rom t h e  l i v i n g  c o l o c i c s  o f  t h e s e  

s p e c i e s ,  T h e s e  s p e c i e s  gre marked w i t h  a s t a r  i n  t h e  t a b l e  

The remaining s p e c i e s  have  most  l i k e l y  b e e n  c ,  r r l . e d  from t h e  

l a r g e s t  i s l a n d ,  Eeirnaey, o r  f rom t h e  ma in l and  o f  I c e l a n d .  One o f  

t h e  s p e c i e s ,  Carex  m a r i t i m a ,  d o e s  riot o c c u r  on Hej-maey: s o  i t  must - 
have  d r i f t e d  from- o t h e r  l o c a l i t i e s ,  most  l i k e l y  from t h e  m a i n l a n d ,  

Empetsum nigrum h a s  l i m i t e d  d i s t r i b u t i o n  on Keimaey and 

b e s i d e s  t h i s  it is  t h e r e  i s o l ; ? t e d  f rom t h e  s e a .  T h e r e f o r e  it h a s  

most l i k e l y  d e r i v e d  frorr t h e  m a i n l a n d  where  i t  m i g h t  have  been  

washed t o  t h e  s e a  by r i v e r s .  

The s p e c i e s  Elymus a r e n a r i u s  and Fmdceiaya p e p l o i d e s  have  a - -  



wide  d i s t r i b u t i o n  on t h e  s o u t h  c o a s t  o f  I c e l a n d ,  They a r e  a l s o  

found  on Heimaey, b u t  t o  a much minor  e x t e n t -  I t  i s  t h e r e f o r e  more 

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

m a i n l a n d .  From t h e  t o t a l  amount o f  t h e  d r i f t e d  m a t e r i a l ,  p a r t s  o f  

F e s t u c a  r u b r a  a r e  most  a b u n d a n t ,  b e i n g  found i n  12 i n s t a n c e s  o u t  o f  

1 4  o b s e r v a t i o n s  t i m e s .  

C o c h l e a r i a  o f f i c i n a l i s  is t h e  second  i n  abundance 3s i t  is 
found 8 t i m e s  o u t  o f  1 4 ,  and M a t r i c a r i a  m a r i t i m a  t h e  t h i r d ,  found  

6 t i m e s  o u t  o f  1 4 .  The h i g h  p r o p o r t i o n  o f  t h e s e  s p e c i e s  i n  t h e  

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

and most f r e q u e n t  s p e c f e s  o f  t h e  n e i g h b o u r i n g  i s l a n d s .  T h i s  ob- 

s e r v a t i o n  p o i n t s  o u t  t h e  r a t h e r  o b v i o u s  f a c t  t h a t  t h e  abundance  o f  

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

s o u r c e  o f  p l a n t  m a t e r i a l  
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SPECIES AMI) P L , W  PARTS RECORDED DRIFTED ASHORE ON SURTSEY 1 9 6 7  

I = INnORESCENCE 

L = LEAVES 

S = STEMS 

R = ROOTS 

Th  = THALLUS 

S p e c i e s  

AGROSTIS TENUIS 

* ARMERI A VULGAR1 S 

* ATRIPLEX PATULA 

CARM MARITIMA 

EMPETRUM NIGRUM 

ELYMUS ARENARI US 

" FESTUCA RUBRA 

IDNCKENYA PEPLOIDES 

" MATRICARIA MARITIMA 

* POA PRATENSIS 

* POA TRIVALIS 

* PUCCINELLIA MARITIMA 

% SILENE MARITIMA 

* TARAXACLJM OFFIC INALI S 

" SEDUM ROSEUM 
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1 1 t h  
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2 7 t h  
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Aug. 
1st 

Aug. 
3 r d  I 



D i s p e r s a l  o f  Seed b y  Snow B u n t i n g s  

t o  S u r t s e v  i n  1967  

by 

S t u r l a  F r i d r i k s s o n  
The A g r i c u l t u r a l  R e s e a r c h  I n s t i t u t e  

and 

Mar a l d u r  S i g u r d s s o n  
The I n d u s t r i a l  R e s e a r c h  and Development I n s t i t u t e  

D i s t a n t  i s l a n c b  l : l~s t  t o  a  g r e a t  e x t e n t  owe t h e i r  p l a n t  and 

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

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

among b i o l o g i s t s .  

I t  was s u g g e s t e d  t h a t  t h e  a l m o s t  s t e r i l e  h a b i t a t  o f  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  migh t  o f f e r  an u n i q u e  o p p o r t u n i t y  f o r  

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

l o w e r  a n i m a l s  a c r o s s  w ide  s t r e t c h e s  o f  o c e a n y  

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

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

f rom o t h e r  European  c o u n t r i e s  A s  t h e  i s l a n d  is a l m o s t  v o i d  o f  l i f e  

t h e r e  would b e  a  min ima l  p o s s i b i l i t y  f o r  s u c h  m i g r a t o r y  b i r d s  t o  con-  

s Q m e  any amount o f  f o o d  from t e r r e s t r i a l  p l a n t s  o r  a n i m a l s  on S u r t s e y ,  

I f  s u c h  b i r d s  were  t o  b e  c a p t u r e d  on  t h e  i s l a n d  and shown t o  c a r r y  

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

s u c h  o r g a n i s m s  had b e e n  t r a n s p o r t e d  by t h e  b i r d s  t o  S u r t s e y  o v e r  t h e  

o c e a n ,  

For  t h i s  r e a s o n  two a s s i s t a n t s  were  g i v e n  t h e  t a s k  o f  r e c o r d i n g  

m i g r a t i o n  o f  b i r d s  t o  t h e  i s l a n d  2nd t o  c o l l e c t  a v a r i e t y  o f  b i r d s  

o n  S u r t a e y  a s  t h e y  a r r i v e d  d u r i n g  t h e  p e r i o d  March 3 1  t o  May 12  1967 ,  

The  o r n i t h o l o g i c a l  work was s u p e r v i s e d  by D r .  F i n n u r  Gudmundsson who 

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

The b i r d s  c a u g h t  by t h e  a s s i s t a n t s  were  i d e n t i f i e d ,  s e x e d ,  and 

w e i g h e d .  They were  t h e n  c l o s e l y  s e a r c h e d  f o r  any p o s s i b l e  s e e d s  o r  

o t h e r  o r g a n i s m s  wh ich  migh t  b e  a t t a c h e d  t o  t h e  e x t e r i o r  o f  t h e  body,  

a f t e r  wh ich  t h e  b i r d s  were  d i s s e c t e d  and t h e i r  a l i m e n t a r y  t r a c t  

c l e a n e d  o f  c o n t e n t ,  T h i s  c o n t e n t  was t h e n  measured by volume and 



w e i g h t  and i n s p e c t e d  f o r  o r ~ a n i s m s '  i f  t h e r e  were  s e e d s  p r e s e n t  t h e y  

might  b e  i d e n t i f j s c l  ,and t e s t e d  f o r  g e r m i n a t i o n  F i n a l l y ,  t h e  g r i t  

f rom t h e  g i z z a r d  w q s  i n s p e c t e d  a s  i t s  m i n e r a l s  o r  r o c k t y p e s  migh t  

r e v e a l  i t s  o r i g i n  and t h u s  t h e  l o c a t i o n  where  t h e  l a s t  i n t a k e  o f  

food had o c c u r r e d  

R e s u l t s  

Prom t h e  t o t a l  number o f  97  b i r d s  o f  1 4  d i f f e r e n t  s p e c i e s ,  none 

o f  t h e  b i r d s  c a r r i e d  s e e d  o r  o t h e r  o r g a n i s m s  on t h e i r  e x t e r i o r ,  A 

few b i r d s ,  however c a r r i e d  nema todes  o r  o t h e r  p a r a s i t e s  wh ich  a r e  

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

Two w a d e r s  had when s h o t ,  o b v i o u s l y  been  f e e d i n g  on E u p h a u s i d s  

wh ich  a r e  r e g u l a r l y  b e i n g  washed upon t h e  s h o r e .  I n  t h r e e  b i r d s  dead  

i n s e c t s  were found i n  uppe r  p a r t s  o f  t h e  a l i m e n t a r y  t r a c t .  Most h i r d  

s t o m a c h s  were p r a c t i c a l l y  empty ,  i n  o t h e r s  t h s r e  was o n l y  some g r i t  

i n  g i z z a r d s  

Of t h e  32 snow ' - u n t i n g s  c a u g h t ,  t e n  i n d i v i d u a l s  o f  t h e  nomina te  

r a c e  h a d ,  i n  a d d i t i o n  t o  g r i t ,  s e e d s  i n  t h e i r  g i z z a r d s .  I n  T a h l e  I 

t h e s e  snow b u n t i n g s  a r e  l i s t e d  w i t h  i n f o r m a t i o n  o n  measu remen t s  o f  

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

w i t h  them 8 7  s e e d s  Most o f  t h e s e  had h a r d  s e e d  c o a t s  and were  b e r r y  

k e r n e l s ,  h u t  two which  were s o f t  had b u r s t  open  and were  p a r t l y  

d i g e s t e d  The m a j o r i t y  o f  t h e  se -4s  s e e r e d  v i a b l e  a ~ d  when few were  

t e s t e d  t h r e e  o f  t h e s e  germi .na ted ,  two o f  which  were  grown t o  m a t u r -  

i t y  The p l a n t s  grown. were t h a t  o f  Polygonium p e r s j c s r i a  L a,nd -- 
Carex n . ig r - I  A l l .  ( C -  Goodenowii Gay) ,  See  T a b l e  111. -- - - 

G r i t  f rom t h e  t e n  snow b u n t i n g s  was examined u n d e r  t h e  p e t r o -  

g r a p h i c  !n i c roscope  Each g r i t  s a m p l e  weighed 0 . 2 - 0  5 grams Ha l f  o f  

e a c h  sample  was used  f o r  t ,he  p r e p a r a t i o n  o f  a  t h i n  s e c t i o n  2nd e a c h  

g r a i n  i d e n t , j f i e d  a s  a m i n e r a l  o r  r o c k t y p e -  The number o f  g r a i n s  

i d e n t i f i e d  i n  e a c h  t h i c  s e c t i o n  r a n g e d  from 97  t o  5 1 1 .  T a h l e  11 shows 

t h a t  t h e  number o f  m i n e r a l  o r  r o c k t y p e s  i s  h i g h  cl8 t y p e s  and 2 

a d d i t i o n a l  u n i d e n t i f i e d  s p e c i e s ) ,  h u t  t h e  g r i t  g r a i n s  c a n ,  hovlever , 
b e  d i v i d e d  i n t o  t h r e e  c l e a r l y  s e p a r a t e d  g r o u p s :  b a s a l t i c  a s h  from 



S u r t s e y ,  metamorphic  r o c h t y p e s  and younger  s e d i m e n t s .  

The a s h  from S u r t s e y  s t a n d s  o u t  c l e a r l y  i n  t h e  m i c r o s c o p e  a s  

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

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

I n  t h e  t a b l e  t h e  m i n e r a l s  q u a r t z ,  p l a g i o c l a s e  and a l k a l i -  

f e l d s p a r  a r e  t h e  most  c o n s p i c u o u s  c o n s t i t u e n t s ,  b u t  t h e s e  a r e  t h e  

p r i n c i p a l  r o c k  fo rming  m i n e r a l s  o f  g r a n i t e  and g n e i s s .  The a l k a l i -  

f e l d s p a r  i s  m o s t l y  a m i c r o c l i n e  wh ich  is c h a r a c t e r i s t i c  o f  meta-  

morph ic  r o c k s .  One o f  t h e  b i r d s  c a r r i e d  g a r n e t ,  b u t  t h i s  m i n e r a l  

i s  common on  t h e  metamorphic  r o c k s  o f  t h e  S c o t t i s h  H i g h l a n d s  and 

n o r t h w e s t e r n  I r e l a n d .  High g r a d e  metamorphic  r o c k s  o c c u r  i n  t h e  

c o r e s  o f  a n c i e n t  c o n t i n e n t s .  L a r g e  a r e a s  composed o f  metamorphic  

r o c k s  a r e  t o  b e  found  i n  S c o t l a n d ,  H e b r i d e s ,  N o r t h  and Nor thwes t  

I r e l a n d ,  S h e t l a n d  T s l a n d s ,  S c a n d i n a v i a  and G r e e n l a n d .  I n  I c e l a n d  

me tamorph ic  r o c k s  of  t h i s  k i n d  h a v e  n e v e r  b e e n  f o u n d ,  s i n c e  I c e l a n d  

is g e o l o g i c a l l y  a  v e r y  young c o u n t r y .  

Conc lud ing  r e m a r k s  

The r e c o r d s  i n d i c a t e  t h a t  o f  t h e  1 4  s p e c i e s  o f  b i r d s  c a u g h t  

on  t h e  i s l a n d  o n l y  t h e  snow b u n t i n g s  were  s e e d  c a r r i e r s .  I t  must b e  

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

s e e d s  o f  t h i s  s i ze  and k i n d  on t h e  i s l a n d .  A s  t h e  s e e d s  were  i n  

t h e  g i z z a r d  and none i n  t h e  s tomach ,  i t  p r o v e s  t h a t  t h e  b i r d s  had 

n o t  been  c a u g h t  f e e d i n g ,  b u t  a p p a r e n t l y  consumed t h e  s e e d s  a t  an 

e a r l i e r  t i m e .  The accompanying r o c k s  and m i n e r a l s  d e f i n i t e l y  show 

t h a t  t h e  b i r d s  had n o t  been  on t h e  ma in l and  o f  I c e l a h d ,  i . e .  t h e r e  

was no o l d  I c e l a n d i c  b a s a l t  i n  t h e  g i z z a r d s .  On t h e  o t h e r  hand ,  

t h e r e  were  g r a i n s  o f  c i n d e r  p i c k e d  up i n  S u r t s e y  and m o s t l y  meta- 

morphic  r o c k t y p e s  and younger  s e d i m e n t s ,  which  must  have b e e n  

c o l l e c t e d  by t h e  b i r d s  o u t s i d e  I c e l a n d ,  

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

r a c e .  I t  i s ,  however ,  u n l i k e l y  t h a t  t h e y  were  a r r i v i n g  from Green-, 

l a n d  a t  t h i s  t i m e  o f  t h e  y e a r ,  and w i t h o u t  s t o p p i n g  on t h e  ma in l and  

o f  I c e l a n d .  More l o g i c a l  e x p l a n a t i o n  is  t h a t  t h e  b i r d s  m i g r a t e  f o r  



t h e  w i n t e r  t o  t h e  B r i t i s h  I s l a n d s  o r  t h e  C o n t i n e n t  o f  E u r o p e .  The 

c o l l e c t i o n  o f  r o c k s  i n  t h e  g r l t  i n d i c a t e  t h a t  t h e  b i r d s  had b e e n  

f e e d i n g  l a t e l y  i n  t h e  S c o t t i s h  H i g h l a n d s .  

Most o f  t h e  s e e d  s p e c i e s  i d e n t i f i e d  a r e  r a t h e r  common b o t h  t o  

I c e l a n d  and t h e  B r i t i s h  I s l a n d s ,  s u c h  a s  t h e  - Empetrum. S c i r p u s ,  

S p e r g u l a  and Carex  n i g r n  and t h e  o c c u r r e n c e  o f  t h e s e  i n  t h e  g i z z a r d s  

d o e s  n o t  a l l o w  f o r  any f u r t h e r  s p e c u l a t i o n  about  t h e i r  o r i g i n ,  P o l y -  

gonum p e r s i c a r i a ,  however ,  c a n  b e  r e g a r d e d  a s  a  European  s p e c i e s  which  

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

i s  n o t  a common s p e c i e s  and it  may b e  c o n s i d e r e d  r a t h e r  u n l i k e l y  t h a t  

s e e d  o f  t h i s  p l a n t  would have been  p i c k e a  up i n  I c e l a n d  w l t h  t h e  o t h e r  

s e e d s  o r  t h a t  l t  had been  c a r r i e d  by o c e a n  t o  X u r t s e y  and p j c k e d  up 

t h e r e ,  

One o f  t h e  two s e e d s  i n  s a m p l e  n o -  5  was i d e n t i f i e d  by Br A .  

M e l d e r i s  o f  t h e  B r i t i s h  Museum a s  Andromeda p o l i f o l i a  L T h i s  p l a n t  

i s  d e f i n i t e l y  n o t  found  growing  i n  I c e l a n d ,  b u t  is n a t i v e  t o  Green 

l a n d  a s  w e l l  a s  t h e  B r i t i s h  I s l a n d s  where  i t  i s  found i n  b o g s  from 

Somerse t  t o  t h e  H e b r a d e s ,  

F i n a l l y  t h e  o c c u r r e n c e  o f  Medicago s a t i v a  s e e d  i n  f o u r  s a m p l e s  

{ d e t ,  M e l d e r i s )  e l i m i n a t e s  b o t h  G r e e n l a n d  and I c e l a n d  from b e i n g  t h e  
% 

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

i t  is  n o t  u s e d  i n  s e e d  mxx tu re s  i n  I c e l a n d  and d o e s  n o t  p r o d u c e  s e e d  

when sown, On t h e  o t h e r  hand ,  i t  grows i n  t h e  B r i t i s h  I s l a n d s :  and 

a l l  t h e  p l a n t  s p e c i e s  a r e  a l s o  t o  be  found  i n  S c a n d i n a v i a ,  b u t  t h e  

p o s s i b i l ~ t y  o f  snow b u n t i n g  coming from t h e r e  is  more u n l i k e l y -  To 

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

t h e  snow b u n t i n g  i t  would be logical t o  c o n c l u d e  t h a t  t h e y  were 

t o g e t h e r  w i t h  t h e  g r l t  p l c k e d  up h y  t h e  b i r d s  i.n t h e  B r i t i s h  I s l a n d s  

and c a r r i e d  by  the^ o v e r  t h e  o c e a n  t o  S u r t s e y  on t h e i r  m i g r a t i o n  t o  

G r e e n l a c d  v i a  I c e l a n d ,  A f t e r  t h i s  t r a n s ~ o r t a t i o n  some o f  t h e  s e e d  

a t  l e a s t  s t i l l  r e t a i n e d  t h e i r  g e r ~ i n a t i o n  s b i l i t y ,  The i n c i d e n c e  is 

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

b i r d s ,  

Ackr~owledgements  

T h i s  work h a s  been  s p o n s o r e d  by t h e  S u r t s e y  R e s e a r c h  S o c i e t y  

w i t h  a g r a n t  from t h e  U, S o  Atomic Energy Commission,  B i o l o g y  B r a n c h ,  

under  c o n t r a c t  No, ATQ30-1)3549, 



TABLE I 

R e c o r d s  o f  snow b u n t i n g s  c a u g h t  o n  S u r t s e y  d u r i n g  March 31 t o  May 1 2 ,  1967 



TABLE I1  

Sample No, 
- - 

T o t a l  weight  0 . 6  0 . 3  0 .2  0 . 5  0 . 2  0 . 4  0  3 0 . 2  0 . 1  0 .2  

Number o f  i d e n t i f i e d  g r a i n s  511 371 173 440 97 387 97 417 177 383 

Mine ra l s  and r o c k t y p e s ,  
exc lud ing  ash  from S u r t s e y ,  % 
Quart lr, 37.2  54 .5  46 .5  6 8 , 3  76.7  2 7 . 0  3 3 . 3  15  6  1 9 - 5  6 . 7  

P l a g i o c l a s e  7 . 4  9 , 6  1 8 , 2  1 . 9  3 . 3  4 6 , 8  2 0 . 8  9 - 8  9 . 7  6 . 7  

A l k a l i f e l d s p a r  4 3 , 9  1 4 . 6  11.8 5 . 6  1 3 , 4  2 . 1  1 5 . 3  69 .8  2 6 , 4  2 . 2  

Magne t i t e  0 . 9  1 . 9  0 . 4  

Garnet  1.8 

Hornblende 2 . 8  1 - 0  2 . 2  

G r a n i t e  1 1 - 5  5 . 9  4 - 5  5 - 6  3 , 3  7 , l  2 0 - 8  1 . 4  2 0 . 9  4r 4 

Horn fe l s  

Sandstone  

Q u a r t z i t e  

Clay 

Arkose 4 . 0  4 . 4  

Limestone 11,l 

D o l e r i t e  3 . 7  

Gne i ss  5  0  4 , 2  6 9  4 8 9  

U n i d e n t i f i e d  m i n e r a l s  6 .  7  

Rockgroups i n  % 
Ash from S u r t s e y  77 1 8 5 . 5  36 4  9 0 . 1  3 8 . 1  63 .6  25 .8  5 0 , 8  5 9 . 3  8 8 , 3  

Metamorphic r o c k s  2 2 . 9  1 4 . 2  5 9 , 5  7 . 4  6 1 . 9  3 5 . 0  73.2  4 8 , 2  3 7 . 9  1 1 . 7  

Sediments  0 . 3  4  1 2 , 5  1 . 4  1 . 0  1 . 0  2 - 8  
- -~------- - 
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O r n i - t h o l o g i c a l  Work on S u r t s e v  i n  1967  

F i n n u r  Gudmundsson 
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  

A g r e a t  m a j o r i t y  o f  t h e  l a n d  b i r d s  o f  I c e l a n d  a r e  m i g r a t o r y .  I n  

autumn most  o f  them p r o c e e d  i n  a  s o u t h e a s t e r l y  d i r e c t i o n  and many 

w i n t e r  i n  t h e  B r i t i s h  I s l e s ,  wh ich  i s  t h e  f i r s t  l a n d  t h e y  r e a c h  a f t e r  

c r o s s i n g  a  wide  s t r e t c h  o f  o c e a n  However, some s p e c i e s  c o n t i n u e  t o  

F r a n c e  and t h e  I b e r i a n  p e n i n s u l a ,  and some even  t o  West A f r i c a .  En 

s p r i n g  t h e  d i r e c t i o n  is  r e v e r s e d ,  a s  mig r i i n t s  o f  I c e l a n d i c  o r i g i n  cow 

proceed  i n  a  n o r t h w e s t e r l y  d i r e c t i o n  and r e a c h  I c e l a n d  by way o f  01- 

coming f rom t h e  B r i t i s h  I s l e s .  B i r d  band ing  h a s  f u r n i s h e d  much o f  t h e  

e x i s t i n g  i n f o r m a t i o n  abou t  w i n t e r  q u a r t e r s  and m i g r a t i o n  r o u t e s  of  

I c e l a n d i c  m i g r a n t s .  Much i n f o r m a t i o n  a l s o  e x i s t s  abou t  a r r i v a l  d a t c s  

o f  v a r i o u s  s p e c i e s  i n  s p r i n g  and abou t  t h e i r  exodus  i n  autumn. On t h e  

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

m i g r a t i o n  have  b e e n  b a d l y  n e g l e c t e d  i n  I c e l a n d .  

I n  v i ew o f  t h i s  f a c t  i t  a p p e a r e d  h i g h l y  d e s i r a b l e  t o  t e s t  t h e  

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

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

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

most p a r t  o f  I c e l a n d ,  S u r t s e y  a p p e a r e d  t o  f u l f i l  t h e s e  r e q u i r e m e n t s ,  

To b e  s u r e ,  t h e  a l m o s t  l i f e l e s s  h a b i t a t  o f  a  new v o l c a n i c  i s l a n d  @o*xl i 

n o t  b e  e x p e c t e d  t o  tempt  many l a n d  b i r d s  t o  s t o p  on  t h e  i s l a n d ,  b u t  

on  t h e  o t h e r  hand t h e  v e r y  s t e r i l i t y  o f  t h e  i s l a n d  c o u l d  b e  e x p e c t e d  

to o f f e r  u n i q u e  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  p o s s i b l e  s o l e  o f  b i r d s  

i n  t r a n s p o r t i n g  v i a b l e  s e e d s  o r  o t h e r  o r g a n i s m 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  s u c h  a s  w ide  s t r e t c h e s  o f  o c e a n ,  On S u r t s e y  t h e r e  would be 

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

l n t a k e  o f  food  from l o c a l  food  r e s o u r c e s  was l i k e l y  t o  o b s c u r e  t h e  

r e s u l t s ,  

These  were  t h e  main  c o n s i d e r a t i o n s  t h a t  l e d  t o  t h e  d e c i s i o n  t o  

have  S u r t s e y  manned d u r i n g  t h e  p e r i o d  o f  s p r i n g  m i g r a t i o n  i n  1967"  



M r -  h n i  Waag s t a y e d  on t h e  i s l a n d  from March 3 1  t o  May 11. H i s  work 

on  t h e  i s l a n d  was s h a r e d  by M r .  Volundur  ~ e r . a 6 d s s o n  from March 3 1  t o  

A p r i l  1 7 ,  by Mr. P S I 1  S t e i n g r i m s s o n  from A p r i l  1 7  t o  A p r i l  2 0 ,  and by 

. J6n  B a l d u r  S i g u r d s s o n  from A p r i l  22 t o  May 6 .  

B e s i d e s  1 3  s p e c i e s  o f  r e s i d e n t  s e a - b i r d s  wh ich  were  r e g u l a r l y  

s e e n  a round t h e  i s l a n d ,  28  s p e c i e s  o f  m i g r a t o r y  b i r d s  were  o b s e r v e d  

on o r  n e a r  t h e  i s l a n d  d u r i n g  t h e  above p e r i o d .  I n d i v i d u a l s  o f  many 

m i g r a n t s  s e t t l e d  on t h e  i s l a n d  i n  g r e a t e r  numbers t h a n  had b e e n  e x p e c t -  

ed and 97  b i r d s  were  c o l l e c t e d ,  The c o l l e c t e d  b i r d s  be longed  t o  t h e  

f o l l o w i n g  s p e c i e s :  

P i n k - f o o t e d  Goose ( Anser b r  achyrhynchus '  1 

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 '  1 

Golden P l o v e r  ( P l u v i a l i s  a p r i c a r i a , "  2 

T u r n s t o n e  (Arenar  i a  i n t e r p r e s )  6 

Whimbrel (Numenius phaeopus '  4 

Redshank ( T r i n g a  t o t  a n u s ?  9 

P u r p l e  S a n d p i p e r  ( C a l i d r i s  mar i t ima :  1 

D u n l i n  ( C a l i d r i s  a l p i n a )  3 

Long-eared O w l  ( A s i o  o t u s )  1 

Redwing (Turdus  i l i a c u s )  1 7  

11. Wheatear  (Oenanthe  o e n a n t h e )  5 

1 2 ,  Meadow P i p i t  (An thus  p r a t e n s i s )  9 

1 3 ,  White  W a g t a i l  ( M o t a c i l l a  a l b a l  6 

1 4 .  Snow B u n t i n g  ( P l e c t r o p h e n a x  n i v a l i s ?  32 

T o t a l  9 7  

A l l  c o l l e c t e d  b i r d s  were  weighed  and s e x e d ,  and a  c l o s e  s e a r c h  

f o r  s e e d s  i n  - t h e i r  a l i m e n t a r y  t r a c t  was made, A l l  b i r d s  may d i s t r i -  

b u t e  s e e d s ,  e i t h e r  d i r e c t l y  o r  i n d i . r e c t l y .  D i r e c t  d i s t r i b u t i o n  is  

done  by d e f e c a t i n g  v i a b l e  s e e d s .  T h i s  o c c u r s  l e s s  among s e e d - e a t i n g  

b i r d s  t h a n  among f r u i t  and b e r r y  e a t i n g  b i r d s  b e c a u s e  s e e d - e a t i n g  

b i r d s  m o s t l y  c r u s h  t h e  s e e d s  by t h e  b i l l  and consume g r i t  t o  e n s u r e  

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

t h r o u g h  s e e d s  becoming embedded i n  mud on a  b i r d ' s  f e e t  o r  b i l l ,  o r  

s e e d s  t h a t  a t t a c h  t h e m s e l v e s  t o  t h e  f e a t h e r s  o f  b i r d s .  The e f f e c t i v e -  

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



t h e  s e e d s  a r e  c a r r i e d .  Al though i t  i s  a  w e l l  known f a c t  t h a t  many 

s p e c i e s  o f  b i r d s  p l a y  some p a r t  i n  s e e d  d i s p e r s a l ,  v e r y  l i t t l e  is 

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

b i r d s .  But t h i s  a s p e c t  o f  t h e  work on S u r t s e y  i n  1967  w i l l  b e  d e a l t  

w i t h  by D r .  S t u r l a  F r i d r i k s s o n .  Here mere ly  t h e  r e s u l t s  o f  t h e  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  w i l l  b e  d i s c u s s e d .  

E a r l y  m i g r a n t s  l i k e  t h e  r edwing  (Turdus  i l i a c u s ) ,  t h e  g o l d e n  

p l o v e r  ( P l u v i a l i s  a p r i c a r i a )  and t h e  common s n i p e  ( G a l l i n a g o  g a l l i n a g o )  

d i d  n o t  t u r n  up on S u r t s e y  i n  any numbers ,  b u t  t h e  r e a s o n  f o r  t h i s  may 

have been  s p e c i a l  w e a t h e r  c o n d i t i o n s  a t  t h e  t i m e  o f  t h e i r  a r r i v a l ,  

Under normal  c o n d i t i o n s  t h e  main s t r e a m  o f  s p r i n g  m i g r a n t s  a p p e a r s  

t o  r e a c h  t h e  southeas . tex-n p a r t  o f  Iceland, '  and t h i s  is a p p a r e n t l y  

more pronounced  when t h e  m i g r a n t s  e x p e r i e n c e  w e s t e r l y  w inds  d u r i n g  

t h e i r  p a s s a g e  from t h e  B r i t i s h  I s l e s .  S u r t s e y  may t h u s  l i e  a t  t h e  

w e s t e r n  f r i n g e  o f  t h e  main m i g r a t i o n  p a t h ,  

On t h e  whole  t h e r e  was n e v e r  a  pronounced  p a s s a g e  o f  wade r s  

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

r e d s h a n k s  ( T r i n g a  t o t a n u s )  on A p r i l  17 when abou t  350  - 400 r e d s h a n k s  

made a  s t o p - o v e r  on  t h e  i s l a n d .  O y s t e r c a t c h e r s  (Haematopus o s t r a l e g u s )  

and t u r n s t o n e s  ( A r e n a r i a  i n t e r p r e s )  s t a y e d  on t h e  i s l a n d  i n  s m a l l  

numbers  t h r o u g h o u t  The s t u d y  p e r i o d ,  b u t  a l t h o u g h  t h e i r  numbers  v a r i e d  

s l i g h t l y  f rom day t o  day  t h e r e  were  no s i g n s  o f  a  p ronounced  p a s s a g e ,  

However, i n  e a r l y  A p r i l  g r o u p s  o f  o y s t e r c a t c h e r s  o f  5  -. 1 0  b i r d s  were  

r e p e a t e d l y  s e e n  a p p r o a c h i n g  t h e  i s l a n d  from t h e  s o u t h e a s t .  When on 

t h e  i s l a n d  b o t h  o y s t e r c a t c h e r s  and t u r n s t o n e s  f e d  e x c l u s i v e l y  on 

eu .phaus ids  washed upon t h e  s h o r e .  T h i s  was a l s o  t h e  main i f  n o t  t h e  

o n l y  food s o u r c e  f o r  mos t  o t h e r  l a n d  b i r d s  v i s i t i n g  t h e  i s l a n d *  

Throughout  A p r i l  t h e  w e a t h e r  was unf  a v o u r a b l e ,  c o l d  and change-  

a b l e ,  b u t  d u r i n g  t h e  f i r s t  d a y s  o f  May i t  improved a l t h o u g h  i t  con- 

t i n u e d  c o l d .  On May 3 t h e r e  was a  l i g h t  n o r t h e a s t e r l y  b r e e z e  and 

c l e a r  s k i e s .  I n  t h e  a f t e r n o o n  o f  t h a t  day a  s t r e a m  o f  m i g r a n t s  p a s s e d  

S u r t s e y  and i n d i v i d u a l s  o f  some s p e c i e s  s e t t l e d  on t h e  i s l a n d  i n  

c o n s i d e r a b l e  numbers ,  A l r eady  a t  1 1 0 0  h r s ,  a  f l o c k  o f  a b o u t  5 0  g e e s e  

p a s s e d  t h e  i s l a n d  and from a b o u t  1300  h r s .  u n t i l  i t  became d a r k  f l o c k s  

o f  g e e s e  p a s s e d  S u r t s e y  on t h e i r  way t o w a r d s  t h e  m a i n l a n d  o f  I c e l a n d .  



Among t h e  g e e s e  s e e n ,  g r e y l a g s  (Anser  a n s e r )  , p i n k f e e t  (Anser  

b r a c h y r h y n c h u s ) ,  and b a r n a c l e  g e e s e  ( B r a n t a  l e u c o p s i s )  - c o u l d  b e  

i d e n t i f i e d ,  b u t  g e e s e  i n  many f l o c k s  c o u l d  n o t  b e  i d e n t i f i e d  b e c a u s e  

o f  t h e  d i s t a n c e  from t h e  i s l a n d ,  Dur ing  t h e  a f t e r n o o n  s m a l l  f l o c k s  

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

I n  a d d i t i o n  t o  g e e s e ,  p a s s e r i n e s  p a s s e d  t h e  i s l a n d  i n  l a r g e  

numbers  on May 3 and many s t o p p e d  on  t h e  i s l a n d ,  The p a s s a g e  o f  

meadow p i p i t s  (An thus  -- p r a t e n s i s )  was p a r t i c u l a r l y  i m p r e s s i v e ,  b u t  

w h i t e  w a g t a i l s  ( M o t a c i l l a  - a l h a )  , r e d w i n g s  ( T u r d u s  i . l i a c u s )  , w h e a t e a r s  

(Oenan the  o e a n t h e )  , and snow b u n t i n g s  ( P l e c t r o p h e n a x  ~ i v a l i s )  a l s o  --- 
p a s s e d  t h r o u g h  i n  some numbers .  The p a s s x g e  o f  p a s s e r i n e ~  w a s ,  how- 

e v e r ,  p e r h a p s  s t i l l  more pronounced  t h e  n e k t  day (May 48,  w h e r e a s  

t h e  p a s s a g e  o f  g e e s e  was a l m o s t  c o n f i n e d  t o  May 3 .  

On May 3 one  r n e r l i n  was p r e s e n t  on t h e  i s l a n d  and t h e  n e x t  day 

two o r  more m e r l i n s  were  s e e n .  They were  p r e y i n g  upon v a r i o u s  

p a s s e r  i n e s  , 

Al though  wade r s  were n o t  c o n s p i c u o u s l y  i n v o l v e d  i n  t h e  m i g r a t o r y  

movements d e s c r i b e d  above ,  i t  may b e  men t ioned  t h a t  two w h i m b r e l s  were  

c o l l e c t e d  on t h e  i s l a n d  on  May 3 and on t h e  same day two l a r g e  and 

v e r y  compact f l o c k s  o f  b i r d s  were  s e e n  h e a d i n g  f o r  t h e  ma in lqnd  o f  

I c e l a n d .  These  were  p r o b a b l y  w a d e r s  and most  l i k e l y  k n o t s  ( C a l i - d r i s  

c a n u t u s ) ,  a l t h o u g h  i d e n t i f i c a t i o n  c o u l d  n o t  b e  e s t a b l i s h e d  w i t h  

c e r t a i n t y ,  

I f  we assume t h 2 t  t h e  m i g r a n t s  r e a c h i n g  S u r t s e y  on t h e  a f t e r -  

noon o f  May 3 had come from S c o t l a n d  and I r e l a n d  t h e y  p r o b a b l y  s e t  

o u t  on  t h e  e v e n i n g  o f  May 2 o r  d u r i n g  t h e  f o l l o w i n g  n i g h t ,  An exa-  

m i n a t i o n  o f  t h e  w e a t h e r  c o n d i t i o n s  i n  t h e  e a s t e r n  Nor th  A t l a n t i c  

shows t h a t  t h r o u g h o u t  t h e  week b e f o r e  May 2 t h e  w e a t h e r  on  t h e  wes t  

c o a s t  o f  S c o t l a n d  and t h e  n o r t h  c o a s t  o f  I r e l a n d  was n o t  conducz.ve 

t o  t h e  i n c e p t i o n  o f  m i g r a t o r y  movements.  The wind was w e s t e r l y  and 

t h e  s k y  m a i n l y  o v e r c a s t ,  w i t h  o c c a s i o n a l  d r i z z l e  o r  r a i n  from 

A p r i l  25  t o  A p r i l  2 9 .  On A p r i l  30 and May 1 t h e  wind vras n o r t h e r l y  

and n o r t h w e s t e r l y ,  f o r c e  4-8, w i t h  showery w e a t h e r .  However,  on 

May 2 t h e  n o r t h  wind d e c r e a s e d  g r a d u a l l y  and by m i d n i g h t  t h e r e  was 

a l m o s t  ca lm w e a t h e r  and m a i n l y  c l e a r  s k i e s  on t h e  w e s t e r n  s e a b o a r d  

o f  t h e  B r i t i s h  I s l e s .  



B i r d s  t h a t  had s t a r t e d  a b o u t  m i d n i g h t  t h a t  day h e a d i n g  f o r  

I c e l a n d  would have had l i g h t  e a s t e r l y  o r  s o u t h e a s t e r l y  w i n d s  f o r  t h e  

f i r s t  few h o u r s .  Then t h e  e a s t e r l y  wind i n c r e a s e d ,  and f o r  t h e  l a s t  

two t h i r d s  o f  t h e  way a t  t h e  a l t i t u d e  o f  t h e  b i r d s  i t  was between  2 5  

and 35 k n o t s .  I t  is t h e r e f o r e  a l m o s t  c e r t a i n  t h a t  t h e  b i r d s  d r i f t e d  

t o  t h e  w e s t .  And p o s s i b l y  t h e  wind was s o  s t r o n g  t h a t  some o f  t h e  

b i r d s  may n e v e r  have  managed t o  r e a c h  I c e l a n d  T h i s  wes tward  d r i f t  

may e x p l a i n  t h e  " rush ' '  o f  m i g r a n t s  r e a c h i n g  S u r t s e y  and e v e n  hea.ding 

f o r  I c e l a n d  wes t  o f  S u r t s e y .  

D u r i n g  t h e  e n t i r e  s t u d y  p e r i o d  on S u r t s e y  a few snow b u n t a n g s ,  

u s u a l l y  1 - 4 ,  were  a l m o s t  d a i l y  e n c o u n t e r e d  on  t h e  i s l a n d ,  b u t  a 

p ronounced  p a s s a g e  was n o t  o b s e r v e d  e x c e p t  on A p r i l  2 4  afid on  May 4, 

Qn A p r i l  2 4  abou t  30 snow b u n t i n g s  a p p e a r e d  s u d d e n l y  on t h e  i s l a n d ,  

Qf t h e s e  2 1  (16 m a l e s  and 5 f e m a l e s ?  were  c o l l e c t e d ,  A 1 1  t h e  c o l l e c t e d  

b i r d s  p r o v e d  t o  b e l o n g  t o  t h e  n o m i n a t e  r a c e  P l e c t r o p h e n a x  n i v a l i s  -- 
n i v a l i s  and n o t  t o  t h e  I c e l a n d  r a c e  P l e c t r o p h e n a x  n i v a l i s  i n s u l a e .  

I t  is t h e r e f o r e  a l m o s t  c e r t a i n  t h a t  t h e  b i r d s  i n  q u e s t i o n  were o f  

G r e e n l a n d  o r i g i n  and t h a t  t h e y  were on  m i g r a t i o n  f rom t h e  B r i t i s h  

I s l e s  t o  G r e e n l a n d .  
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Goose B a r n a c l e s  ( L e p a s  s p p . )  on S u r t s e y  Pumice - 
by 

F i n n u r  Gudmundsson and Agnar I n g 6 l f s s o n  
Museum o f  M a t u r a l  H i s t o r y ,  Reyk jav ik  

A r t i c l e  p u b l i s h e d  i n :  N i t t f i r u f r z d i n g u r i n n ,  Vol  3 7 ,  n o .  3-4,  1967 

D u r i n g  t h e  y e a r s  1964-1966 one  o f  u s  ( A , I . )  was engaged  i n  a  

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

I n  t h e  c o u r s e  o f  t h i s  s t u d y  i t  was found  q u i t e  u n e x p e c t e d l y  t h a t  goose  

b a r n a c l e s  QLepas  s p p . )  were  an i m p o r t a n t  food i t e m  i n  g u l l s  c o l l e c t e d  

i n  Octobes/November 1 9 6 5 ,  a t  Sandv ik  on t h e  R e y k j a n e s  P e n i n s u l a  i n  

SOWe I c e l a n d ,  T h i s  was unexpec ted  b e c a u s e  ' a t  h i g h  l a t i t u d e s  goose  

b a r n a c l e s  r a r e l y  o c c u r  i n  s u f f i c i e n t  abundance t o  become a  l i k e l y  

food  s o u r c e  o f  any i m p o r t a n c e  f o r  s e a - b i r d s ,  The p e r c e n t a g e  o f  g u l l s  

( a l l  s p e c i e s  lumped t o g e t h e r )  which  had f e d  on goose  b a r n a c l e s  i n -  

c r e a s e d  u n t i l  O c t o b e r  18, when i t  r e a c h e s  t h e  maximum o f  70%, b u t  

a f t e r  t h a t  t h e  p e r c e n t  age  q u i c k l y  d e c r e a s e s .  Al though g o o s e  b a r n a c l e s  

w e r e  among t h e  c h i e f  f o o d s  t a k e n  by t h e  g u l l s  i n  t h e  S a n d v i k  a r e a  

d u r i n g  t h e  above p e r i o d ,  t h e y  by no means c o n f i n e d  t h e m s e l v e s  t o  

t h i s  food  i t e m  a s  t h e y  some t imes  d o  when some f o o d s  ( e . g .  c a p e l i n  

( M a l l o t u s  v i l l o s u s )  o r  s a n d e e l  (Ammodytes la f l -cea) )  a r e  p r e s e n t  on 

a  v e r y  l a r g e  s c a l e .  I n  o n l y  40% o f  t h e  gul1.s  t h a t  had f e d  o n  goose  

b a r n a c l e s  d i d  t h e y  amount t o  h a l f  o r  mor'e o f  t h e  s tomach  c o n t e n t s .  

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

i n  many o f  t h e  g u l l s  c o l l e c t e d  a t  Sandv ik  was n o t  f a r  t o  s e e k .  The 

b e a c h e s  on t h e  S o u t h  and West o f  t h e  R e y k j a n e s  P e n i n s u l a  were  d o t t e d  

w i t h  h e a p s  o f  S u r t s e y  pumice c o v e r e d  by v a s t  q u a n t i t i e s  o f  g o o s e  

b a r n a c l e s ,  T h e i r  p r e s e n c e  t h e r e  c a n  b e  a c c o u n t e d  f o r  a s  f o l l o w s :  

On November 1 4 ,  1963 ,  a  s u b m a r i n e  v o l c a n i c  e r u p t i o n  b e g a n  o f f  

t h e  Westman I s l a n d s ,  abou t  120  km ( 7 5  m i l e s )  t o  t h e  s o u t h e a s t  of 

S a n d v i k ,  and t h i s  gave  r i s e  t o  a  new permanent  i s l a n d ,  S u r t s e y .  I n  

l a t e  May 1965  a s e c o n d  e r u p t i o n  began  c l o s e  t o  S u r t s e y ,  and soon  

a n o t h e r  i s l a n d  o f  t e p h r a  r o s e  from t h e  s e a  ( S y r t l i n g u r ) .  L a t e r  on 

a t h i r d  i s l a n d  ( J 6 l n i r )  was f o r m e d ,  b u t  t h e s e  two s u b s i d i a r y  c r a t e r  

i s l a n d s  d i s a p p e a r e d  a g a i n  ( s e e  T h o r a r i n s s o n ,  1 9 6 6 ;  f o r  an e x a c t  



c h r o n o l o g y  o f  e v e n t s ) .  The  term " S u r t s e y  pumice" is  used  h e r e  and 

e l s e w h e r e  i n  t h i s  r e p o r t  f o r  pumice p roduced  d u r i n g  t h i s  who le  p e r i o d  

o f  s u b m a r i n e  e r u p t  i o n s ,  

On O c t o b e r  2 7 ,  1 9 6 5 ,  w e l c o l l e c t e d  s a m p l e s  o f  pumice w i t h  g o o s e  

b a r n a c l e s  t h a t  had b e e n  washed upon t h e  s h o r e s  o f  t h e  R e y k j a n e s  

P e n i n s u l a .  C o l l e c t i o n s  w e r e  made a t  f o u r  s t a t i o n s  on t h e  s o u t h  s i d e  

o f  t h e  p e n i n s u l a  ( f i e r d i s a r v i k ,  T h o r k o t l u s t a d a b o t  , Arf a d a l s v i k  and 

S a n d v i k ) ,  and a t  o n e  s t a t i o n  on  t h e  w e s t  s i d e  ( S t o r a - S a n d v i k ) .  T h r e e  

s p e c i e s  o f  Lepas  were  found  o n  t h e  pumice s a m p l e s ,  Lepas  f a s c i c u l a r i s  

was by f a r  t h e  most common s p e c i e s .  Next in abundancs  was L e p a s  

a n a t i f e r a ,  w h i l e  t h e  t h i r d  s p e c i e s ,  L e p a s  p e c t i n a t a ,  was r a r e  com- 

p a r e d  w i t h  t h e  o t h e r  two.  T h i s  s p e c i e s  had h o t  previously b e e n  r e -  

c o r d e d  i n  I c e l a n d ,  b u t  was now found  a t  t h r e e  o f  t h e  f i v e  s t a t i o n s  

where  c o l l e c t i o n s  were  made,  The m a t e r i a l  c o l l e c t e d  a t  H e r d i s a r v i k  

c o n t a i n e d  7 s p e c i m e n s  o f  L, p e c t i n a t a ,  t h e  m a t e r i a l  f rom T h o r k o t l u -  

s t a d a b o t  contained 1 5  s p e c i m e n s ,  and t h e  m a t e r i a l  f rom A r f a v i k  

33 s p e c i m e n s  o f  t h i s  s p e c i e s .  

U n f o r t u n a t e l y  it is  n o t  known when pumice w i t h  goose  barnacles 

began  t o  d r i f t  o n t o  t h e  b e a c h e s  o f  t h e  R e y k j a n e s  P e n i n s u l a .  No g u l l s  

w e r e  _ c o l l e c t e d  t h e r e  d u r i n g  t h e  summer and autumn o f  1965  b e f o r e  

O c t o b e r  8 ,  And d u r a n g  t h e  same p e r l o d  no s e a r c h  f ~ r - ~ u m i c e  w i t h  g o o s e  

b a r n a c l e s  was made a l o n g  t h e  s h o r e s  o f  t h e  p e n i n s u l a .  I t  may b e  

m e n t i o n e d ,  however ,  t h a t  d u r i n g  t h e  w i n t e r  o f  1964-1965 no t r a c e s  

o f  g o o s e  b a r n a c l e s  we re  found  i n  87 g u l l s  c o l l e c t e d  i n  t h e  S a n d v i k  

a r e a  d u r i n g  t h e  p e r i o d  O c t o b e r  5 ,  1 9 6 4  - F e b r u a r y  2 ,  1965 ,  N e i t h e r  

we re  any t r a c e s  o f  g o o s e  b a r n a c l e s  on  pumice found on  t h e  s h o r e s  o f  

S t 6 r a - S a n d v i k  on  March 9 ,  1 9 6 6 ,  However t h i s  may b e ,  i t  is o b v i o u s  

t h a t  t h e  g r e a t  abundance  o f  g o o s e  b a r n a c l e s  found on  pumice i n  

v a r i o u s  p a r t s  o f  R e y k j a n e s  i n  t h e  autumn o f  1965 c o u l d  n o t  h a v e  

r e a c h e d  x a t u r i t y  u n l e s s  c e r t a i n  c o n d i t i o n s  were  p r e s e n t  s i r n u l t a n e -  

o u s l y :  V a s t  numbers  o f  l a r v a e  o f  t h e  s p e c i e s  i n  q u e s t i o n  mus t  have  

r e a c h e d  t h e  wa-eks o f f  S o u t h  I c e l a n d  a t  a t i m e  when v e r y  l a r g e  

q u a n t i t i e s  o f  f l o a t i n g  pumice were  a v a i l a b l e  and when t h e  t e m p e r a -  

t u r e  o f  t h e  s e a  was e x c e p t i o n a l l y  h i g h ,  A l l  t h e s e  r e q u i r e m e n t s  

we re  a p p a r e n t l y  f u l f i l l e d  d u r i n g  t h e  summer o f  1965 .  The t e m p e r a t u r e  

o f  t h e  s e a  o f f  S o u t h  I c e l a n d  was t h e n  w e l l  above  t h e  a v e r a g e ,  wh ich  



means t h a t  t h e r e  must hava b e e n  a s t r o n g  ~ n f l u x  o f  A t l a n x l c  w a t e r ,  

p r o b a h l y  c a r r y l n g  v z s t  numbers 01 vlyible  I , ep?s  l a r v a e  i n t o  the 

a r e a s  o f  f 1 o a t a n g  pumnce o f f  S o u t h  S c e l ~ ~ d  And j.n A p r i l ,  1965, t h e  

S y r t  l i n g u r  e r u p t  nor hegrln and t h r o u g h o u t  t h e  summer t h ~ s  c r a t e r  ks -  

l a n d  p r o d u c e d  a s h  n ~ d  pumice s t  -.n F.verp.ge r s , t e  o f  4 - 5 c u b l c  y ~ r d s  

p e r  s e c o n d ,  

The c a s e  o f  t h e  pumice t h a t  w,?s  procluced d u r i n g  t h e  f i r s t  m o n t h s  

o f  t h e  S u r t s e y  e r u p t i o n  t h a t  began  i n  t h e  November o f  1983  was q u i t e  

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

S o u t h  c o a s t  o f  I c e l a n d  was n o t  warm enough t o  e n a b l e  Eepas  l s r v a e  t o  

s u r v i v e  and make u s e  o f  t h e  pumice t h p t  .llns a v a l r l : ~ b l c  t h e n  And a t  

t h e  b e g i ~ n j n g  o f  Apr i l . ,  1 9 6 4 ,  o r  b e f o r e  t h e  t e m p e r r t s r e  o f  t h e  sea  

o f f  t h e  I c e l a n d i c  c o a s t s  h a d  begun  t o  r i s e  a g a i z  t o  any a p p r e c ~ s b l c  

d e g r e e ,  t h e  S u r t s e y  e r u p t i o n  c e a s e d  t o  p r o d u c e  pumice And a s  t h e  

summer o f  1 9 6 4  a d v ~ s c e d  t h e  g r e a t e r  p a r t  o f  t h i s  p u ~ i c e  h:id tither 

been washed upon t h e  m a i n l a n d  s h o r e s  o r  c i r i f t e d  away from t h e  lar id  

t o  t h e  o p e n  s e a .  ResS.des, t h e  s e a  t e m ~ e ~ a t u r e  was n e v e r  zs  h i g h  J-rs 

t h e  summer o f  1964 a s  i n  t h e  summer o f  1965  T h i s  must  be  t h e  reasors 

why no t r a c e s  o f  g o o s e  b a r n a c l e s  we re  found i n  t h e  s t o m a c h s  02 87 

g u l l s  t h a t  w e r e  s h o t  a t  S a n d v i k  i n  t h e  autumn o f  1964 and t h e  w i n t e r  

o f  1964-1965,  - 
The s a n e  i s  most  l i k e l y  t r u e  o f  t h e  pumice t h a t  was p rcduced  

by t h e  ~ 6 l n i r  e r u p t i o n  t h a t  begztn a t  C h r i s t m a s  o f  1965,  This erupt io :? . ,  

wh ich  p r o d u c e d  a s i m i l - a r  q u ' z n t i t y  o f  m 2 , t a r i a l  a s  t h e  S y r t l i n g u r  e?up- 

t i o n ,  a d m i t t e d l y  l a s t e d  u n t i l  August  1 0 ,  1966, and  t h e r e f o r e  g r o x t h  

o f  goose  b a r n a c l e s  o n  t h e  p i m i c e  migh t  have  taken .  p l a c e  t h a t  s u m m e r ,  

t o o ,  U n f o r t u n a t e l y ,  howeve r ,  o t h e r  work p r e v e n t e d  u s  fsam making  a 

s t u d y  o f  this q u e s t i o n  t h e n "  

We c a n  assume t h a t  e v e r y  y e p r  l a r v a e  o f  t h e  t h r e e  JJepns s p e c i z s  

t h a t  w e r e  found  on t h e  S u t s e y  pumi.ce i n  3965 n r e  c a r r i e d  t o  t h e  

S o u t h  c o a s t  o f  Hcel.ard,  h u t  t h e i r  q u n n t j . t i e s  most  l i k e l y  v a r y  a 

g r e a t  d e a l  f rom one  y e a r  t o  a n o t h e r ,  Normall .y,  - the  g r e ? t e r  p a r t  o f  

t h i s  l a r v a  mass  p r o b a h l y  p e r i s h e s  owing t o  t h e  a b s e n c e  o f  r e q u i s i t e  

l i v i n g  c o n d i t i o n s ,  This is s good example  o f  t h e  enormous wlva.stage 

o f  l i f e  w h i c h  i s  c b . a . r . t c t e r i s t i c  o f  m2n.y i n v e r t e b r a t e s ,  t h e i r  r r -  

P , . roduc t ive  r a t e  t h e r e f o r e  b e i n g  h i g h  t o  t h e  same d e g r e e ,  Such. 



s p e c i e s  c a n  w i t h  impun i ty  s t a n d  enormous s e t b a c k s  and s a c r i f i c e  

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

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

o f  o r g a n i s m s  t h a t  t h e  Lepas  l a r v a e  were  a b l e  t o  make u s e  o f  t h e  

S y r t l i n g u r  pumice i n  1965  t o  t h e  l a r g e  e x t e n t  i n d i c a t e d  a b o v e ,  Then 

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

e n c e .  But i n  a  d i r e c t  c o n n e c t i o n  w i t h  t h i s  f a c t  t h e  q u e s t i o n  a r i s e s  

i f  and t o  what e x t e n t  v o l c a n i c  e r u p t i o n s  and pumice p r o d u c t i o n  i n  

p a s t  g e o l o g i c a l  e p o c h s  may h a v e  c o n t r i b u t e d  t o  t h e  deve lopment  and 

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

t h e i r  s u r v i v a l .  



B r y o l o g i c a l  O b s e r v a t i o n  on  S u r t s e y  

B e r g t h o r  J6hannsson  
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  

The b i o l o g i c a l  s t u d e n t s  s t a t i o n e d  on t h e  i s l a n d  f o r  t h e  

summer r e p o r t e d  i n  e a r l y  August f i n d i n g  a  mat o f  moss p l a n t s  g rowing  

on  t h e  i s1 .and .  

I ,  t h e r e f o r e ,  v i s i t e d  t h e  i s l a n d  i n  August 1 7 t h ,  1 9 6 7 ,  and 

i n v e s t i g a t e d  t h e  l o c a t i o n ,  w h i c h  was on t h e  n o r t h e r n  and n o r t h -  

w e s t e r n  b o r d e r  o f  t h e  New-lagoon, on  a  s a n d  bank a t  t h e  e d g e  o f  t h e  

w a t e r ,  T h e r e  were s e v e r a l  p a t c h e s  i n  a  row on  t h e  e d g e  o f  t h e  b a n k ,  

All t h e  moss p l a n t s  were a t  a  young s t a t e  o f  g r o w t h  w i t h  no i n d i -  

c a t i o n  o f  s e x  o r g a n s .  They w e r e  a l l  o f  t h e  same s p e c i e s ,  F u n a r i a  

h y g r o m e t r i c a  Hedw, 

On t h e  1 2 t h  o f  September  a  s e c o n d  l o c a t i o n  o f  moss g r o w t h  was 

d i s c o v e r e d  on  t h e  i s l a n d . ,  I n  t h i s  c a s e  t h e  b o t a n i s t ,  E y t h o r  E i n a r s s o n ,  

d i s c o v e r e d  p a t c h e s  o f  moss a t  t h e  e d g e  o f  a  l a v a  c r a t e r - i n  t h e  c e n t r a l  

P a r t  o f  t h e  i s l a n d ,  I i d e n t i f i e d  s a m p l e s  o f  t h e s e  a s  b e i n g  o f  two 

s p e c i e s ,  t h e  p r e v i o u s l y  found  F u n a r i a  h y g r o m e t r i c a  Hedw- and a  s e c o n d  - 
s p e c i e s  Bryum a rgen teum Hedw, T h e s e  a r e  t h e  f i r s t  two s p e c i e s  o f  

b s y o p h y t e s  known t o  s t a r t  g r o w t h  on  t h e  new v o l c a n i c  i s l a n d .  



M y c o l o g i c a l  I n v e s t i g a t i o n s  i n  I c e l a n d ,  I V  - 

by 

T.  W .  J o h n s o n ,  Jr.  
Depar tment  o f  B o t a n y ,  Duke U n i v e r s i t y  

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

and 

A R .  C a v a l i e r e  
Depar tment  o f  B i o l o g y ,  G e t t y s b u r g  C o l l e g e  

G e t t y s b u r g ,  P e n n s y l v a n i a ,  U > S .  A ,  

I n  f o u r  y e a r s  (March,  1964-March, 19681 o f  s t u d y  on t h e  a q u a t i c  

f u n g i  o f  I c e l a n d  and S u r t s e y  o v e r  two t h o u s a n d  c o l l e c t i o n s  have been  

made w i t h  a  t o t a l  y i e l d  o f  a p p r o x i m a t e l y  two hundred  and s e v e n t y - f i v e  

s p e c i e s  i d e n t i f i e d .  Two hundred  and n i n e t y  s a m p l e s  were  t a k e n  i n  t h e  

p e r i o d  from March, 1 9 6 7  - March,  1 9 6 8 ,  Fo r  t h e  most  p a r t ,  s a m p l i n g  

and t r a p p i n g  s t a t i o n s  were  l o c a t e d  i n  s o u t h e r n  I c e l a n d ,  t h e  V e s t -  

mannaeyj  a r  and on S~mr t sey  , F o l l o w i n g  p a s t  p r a c t i c e s ,  f u n g i  were 

c o l l e c t e d  o n  b a i t s  (hempseed ,  p o l l e n ,  s n a k e s k i n ,  and c e l l o p h a n e ) ,  

on  submerged wood p a n e l s ,  a p p l e s ,  and t w i g s ,  and o n  m a r i n e  and 

f r e s h w a t e r  a l g a e ,  

The t o t a f  a q u a t i c  m y c o f l o r a  o f  I c e l a n d  and i ts  c o a s t a l  w a t e r s  

is o f  c o u r s e  unknown, b u t  t h e  s e g m e n t s  %bus f a r  uncove red  p r e s e n t  

some u n i q u e  m y c o l o g i c a l  p r o b l e m s .  A c c o r d i n g l y ,  r e c e n t  emphas i s  h a s  

b e e n  on  ( 1 )  e x p l o r a t i o n  o f  par-titular s y s t e m a t i c  o r  d e v e l o p m e n t a l  

p r o b l e m s ,  and 4 2 )  i d e n t i f i c a t i o n  o f  f u n g i  on  m a r i n e  a l g a e .  C o m p i l a t i o n  

o f  a  s p e c i e s  l i s t  c o n t i n u e s ,  b u t  is n o t  an e f f o r t  o f  f i r s t  p r i o r i t y a  

The d e v e l o p m e n t a l  morphology o f  M y c o s p h a e r e l l a  a s c s p h y l l i  h a s  

been  worked o u t  i n  i t s  e n t i r e t y .  T h i s  f u n g u s  o c c u r s  on  Ascophyllum 

nodosum, b u t  i ts  r o l e  i n  t h e  r e d u c t i o n  o f  p o p u l a t i o n s  o f  t h i s  a l g a  

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

on  o t h e r  m a r i n e  a l g a e . ,  Among t h e s e  i s  a P h l y c t o c h y t r i u m  o f  t h e  

o rnamen ted  s e r i e s ,  the f i r s t  s u c h  f u n g u s  found  i n  a m a r i n e  h a b i t a t .  

P e t e r s e n i a  l o b a t a  and P. p o l l a g a s t e r  o c c u r  i n  mor ibund Ceramium 

rubrum on t h e  s o u t h  c o a s t  o f  t h e  R e y k j a n e s  P e n i n s u l a  and on  Beimaey, . 

I n  P o l y s i p h o n i a  v i o l a c e a  f rom t h e  s h o r e l i n e  o f  Heimaey, and n e a r  

Kef lav ik : ,  a  f u n g u s  r e s e m b l i n g  P l e o t r  a c h e l u s  i n h a b i l i s  (?: h a s  b e e n  - 



c o l l e c t e d .  I t s  cornple te  morphology is unknown s i n c e  t h e  m a t e r i a l  

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

s p e c i e s  o f  P e t e r s e n i a ,  O t h e r  f u n g i  o c c u r r i n g  i n  m a r i n e  a l g a e  i n c l u d e  

O l p i d i o p s i s  f e l d m a n n i ,  and a  form o f  - 0.  a n d r e e i  ( o n  A c r o s i p h o n i a  and 

T r a i l l i e l l a > ,  and C h y t r i d i u m  p o l y s i p h o n i a e  on P y l a i e l l a  l i t o r a l i s .  

The l a t t e r  f u n g u s  is  one  o f  a  s p e c i e s  complex ,  and s t u d i e s  a r e  u n d e r  

way t o  d e t e r m i n e  j u s t i f i a b l e  l i m i t s  t o  t h e  s p e c i e s .  

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

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

have  h a r b o r e d  s e v e r a l  a q u a t i c  f u n g i .  N o t a b l e  i n  t h e  c o l l e c t i o n s  a r e  

A n c y l i s t e s  c l o s t e r i i  ( i n  C l o s t e r i u m ? ,  Chy t r id ium l a g e n a r i a  (on  

C l a d o p h o r a )  , C, v e r s a t i l e  ( o n  F r a g i l a r i a P  , D i p l o p h l y c t i s  i n t e s t i n a  - 
( e n d o b i o t i c  i n  C h a r a ) ,  Myzocytium p r o l i f e r u m  ( i n  S p i r o g y r a : ,  O lp id ium 

endogenum and - 0.  en tophytum ( i n  C l o s t e r i u m  and S p i r o g y r a ,  r e s p e c t i v e l y ) ,  

and Podochy t r ium c l a v a t u m  (on  P i n n u l a r i a ? ,  C h y t r i d i u m  v e r s a t i l e  v a r .  

p o d o c h y t r i o i d e s  is shown t o  b e  a  Podochy t r ium w i t h  a f f i n i t i e s  t o  

I?, co rnu tum,  T h e s e  a r e ,  o f  c o u r s e ,  a l l  new r e c o r d s  f o r  I c e l a n d .  - 
A s  i s  common i n  s u r v e y  s t u d i e s  on a q u a t i c  f u n g i ,  s p e c i m e n s  

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

f i e d  w i t h  c o n f i d e n c e .  M a t e r i a l  4 t h u s  f a r  c o l l e c t e d  from s o u t h w e s t e r n  - 
I c e l a n d  and Heimaey i n c l u d e  r e p r e s e n t a t i v e s  o f  Micromyces,  P h l y c t i d i u m ,  

P h l y c t o c h y t r i u m ,  B l y t t i o m y c e s ,  C h y t r i d i u m  and Rhizophydium. 

From b a i t e d  c u l t u r e s  ( s o i l  and w a t e r )  n i n e t e e n  s p e c i e s  o f  

a q u a t i c  f u n g i  have been  c o l l e c t e d  and i d e n t i f i e d ,  b u t  w e l l  o v e r  f i f t y  

a d d i t i o n a l  s p e c i e s  have been  r e c o v e r e d .  Among t h e  f u n g i  on m a r i n e  

a l g a e  a r e  E c t r o g e l l a  p e r f o r a n s ,  P o n t i s m a  l a g e n i d i o i d e s  and S i r o l p i d i u m  

b r y o p s i d i s  . The f r e s h w a t e r  s p e c i e s  show r a t h e r  r e m a r k a b l e  d i s t r i -  

b u t i o n a l  p a t  t e r n s .  Two examples  a r e  i l l u s t r a t i v e ,  P h l y c t o c h y t s i u m  

punc ta tum and P. i r r e g u l a r e ,  known o n l y  from t h e  U , S . ,  o c c u r  a l s o  i n  - 
l a v a  s o i l s  below moss t u s s o c k s  i n  s o u t h w e s t e r n  I c e l a n d .  The wa te rmold  

Achlya s p i r a c a u l i s  h a s  a  known d i s t r i b u t i o n  i n  L o u i s i a n a ,  M i c h i g a n ,  

and I c e l a n d .  

Mar ine  Fung i  I m p e r f e c t i  have  n o t  been  found i n  abundance  i n  

I c e l a n d i c  c o a s t a l  w a t e r s .  Nine s p e c i e s  have been  i d e n t i f i e d ,  and a  

h o s t  s f  u n i d e n t i f i e d  forms  i n  t h e  g e n u s  Phoma have b e e n  r e c o v e r e d  



f rom submerged wood, S e v e r a l  c o l l e c t i o n s  o f  i m p e r f e c t s  i n  t h e  

He1icoma. -Zaler ion- .Dic tyospor ium complex a w a i t  c o m p a r a t i v e  s t u d i e s  

f o r  i d e n t i f i c a t i o n .  I n  t h e  c o l d e r  w a t e r s  o f  I c e l a n d  B i c t y o s p o r i u m -  

l i k e  f u n g i  w i t h  m o r p h o l o g i c a l  a f f i n i t i e s  t o  Hel icoma a r e  common, and 

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

Among t h e  m a r i n e  l i g n i c o l o u s  Ascomycetes  o f  I c e l a n d i c  c o a s t a l  

w a t e r s ,  C e r i o s p o r o p s i s  h a l i m a  is u b i q u i t o u s .  F i v e  s p e c i e s  o f  Ha losphae r  i a  

( i n c l u d i n g  two wh ich  seem o n l y  t o  i n h a b i t  c o l d e r  w a t e r s ) ,  f o u r  o f  

Remispora ,  and o n e  o r  two s p e c i e s  i n  S p h a e r u l i n a ,  Amphi sphae r i a ,  

C o r o l l o s p o r a  and L e p t o s p h a e r i a ,  a l s o  o c c u r .  Of u n u s u a l  s y s t e m a t i c  

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

H a l o g u i g n a r d i a ,  The l a t t e r  g e n u s ,  i n  particular , is  v e r y  p o o r l y  known 

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

F o l l o w i n g  is a  l ist  o f  a q u a t i c  f u n g i  found  on  d r i f t w o o d  o r  on 

m a r i n e  a l g a e  c a s t  a s h o r e  on S u r t s e y  o r  f l o a t i n g  o f f -yshore :  

OGmycetes: Py th ium s p p ,  ( p o s s i b l y  P .  monospermum and - 
P ,  t o r u l o s u m )  

Aphanomycopsis b a c i l l a r i a c e a r u m  ( i n  p i n n u l a r i a )  

S i r o l p i d i u m  b r y o p s i d i s  ( i n  f l o a t i n g  ~ r y o p s i s )  

D e u t e r o m y c e t e s :  Phoma s p p .  

D i n e m a s ~ o r  ium mar inum 

Ascomycetes:  C e r i o s p o r o p s i s  h a l i m a  

Amphi sphae r i a  m a r i t i m a  

L u l w o r t h i a  medusa 

No s o i l -  o r  f r e s h w a t e r - i n h a b i t i n g  a q u a t i c  f u n g i  have  b e e n  i s o l a t e d  

from S u r t s e y  , a l t h o u g h  s u c h  o r g a n i s m s  a r e  abundan t  on Heimaey . 

T h e s e  s t u d i e s  a r e  s u p p o r t e d  by t h e  U n S .  Atomic Energy  

Commission,  C o n t r a c t  AT-(40-1) -3556. 



Survey  on t h e  - 
I n t e r t i d a l  and S u b t i d a l  Algae on S u r t s e y  i n  1967 

by 
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  Sorbonne  
and 

L a b o r a t o i r e  d e  B i o l o g i e  V g g e t a l e  Mar ine  
F a c u l t e  d e s  S c i e n c e s ,  P a r i s  

P r e v i o u s  t o  t h e  l a v a  f low which  s t a r t e d  on  S u r t s e y  on  August 

1 9 t h  1966 ,  1 4  m a r i n e  a l g a l  spec ies  had been  found growing  on t h e  r o c k y  

s h o r e  e l ) ,  This growth  e x h i b i t e d  two c snspkcuous  b e l t s  i n  the l z t t o r a l  

zone b o r d e r i n g  t h e  l a v a  d e l t a ,  an upper  one  o f  g r e e n  a l g a e ,  domina ted  

by U r o s p o r a  p e n i c i l l i f o r m i s ,  and a lower  one  o f  f i l m  fo rming  Dia toms ,  

b e l o n g i n g  ma in ly  t o  N a v i c u l a  m o l l i s .  The o t h e r  s p e c i e s  e n c o u n t e r e d  - 
were  o n l y + o c c a s i o n a l l y  found  and t h e n  ma in ly  c o n f i n e d  t o  t i d e  p o o l s ,  

T h i s  v e g e t a t i o n  was s e r i o u s l y  a f f e c t e d  by t h e  e r u p t i o n .  On t h e  

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

t h e  s e a ,  E l s e w h e r e ,  e s p e c i a l l y  on  t h e  wes t  c o a s t ,  i t  was damaged by 

t h e  s c o u r i n g  a c t i o n  s f  s a n d  and s e a ,  b u t  p resumably  i t  was n o t  

c o m p l e t e l y  wiped o u t .  

I n  t h e  c o u r s e  o f  t h e  y e a r  1967  i n t e r m i t t e n t  a l g o l o g i c a l  s u r v e y s  

were  c a r r i e d  o u t  on S u s t s e y  d u r i n g  a p e r i o d  e x t e n d i n g  from s p r i c g  t o  

autumn. The l i t t o r a l  zone was s t u d i e d  by  means o f  d i r e c t  o b s e r v a t i o n s ,  

and t h e  s u b l i t t o r a l  zone, down t o  2 0  rn d e p t h ,  was i n v e s t i g a t e d  by 

means s f  SCUBA-diving t e c h n i q u e s ,  

A.  Su rvey  o f  t h e  i n t e r t i d a l  zone 

A f t e r  t h e  1966 e r l a p t i c n  hsd  c e a s e d  i n  1967  t h e  l a v a  d e l t a  o f  

S u r t s e y  was s u r r o u n d e d  by two t y p e s  o f  c o a s t l i n e s :  t h e  o l d  west c o a s t  

formed i n  1964-1965 and t h e  new e a s t  c o a s t  

P r o j e c t ~ . n g  r n c k s ,  b o u l d e r s 1  p r o m o n t o r i e s  a n d , v e r t i c a l  c l i f f s  

c h a r a c t e r i z e d  t h e  i n t e r t i d a l  zone o f  t h e  o l d  c o a s t ,  a s  t h e  new c o a s t  

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

n o r t h - e a s t  p a r t  o f  t h e  new s h o r e  l a r g e  r o c k s  b r o k e n  from t h e  l a v a  

f r o n t  o c c u p i e d ,  however ,  t h e  u p p e r  p a r t  o f  t h e  i n t e r t i d a l  zone .  



Most o f  t h e  c o a s t  was a c c e s s i b l e  a t  low t i d e s .  However, s e r i o u s  

p rob lems  o f  a c c e s s  were e n c o u n t e r e d  a l o n g  t h e  v e r t i c a l  c l i f f s  on t h e  

sou th -wes t  c o a s t ,  wh ich  c o u l d  b e  s a f e l y  descended  i n  few p l a c e s  o n l y .  

T h i s  a p p l i e d  a l s o  t o  t h e  s o u t h - e a s t  p o i n t  where t h e  i n t e r t i d a l  zone 

was t o o  na r row t o  b e  e x p l o r e d  on  f o o t .  

I n  t h e  f i r s t  s u r v e y s  c a r r i e d  o u t  i n  May and J u n e  a l o n g  t h e  o l d  

c o a s t  t h e  c o n s p i c u o u s  b e l t s  o f  Urospora  and Diatoms p r e v i o u s l y  

o b s e r v e d  were  l a c k i n g .  Only a  few t u f t s  o f  Urospora  were found  on t h e  

r o c k s ,  i n t e r m i n g l e d  w i t h  s p a r s e l y  r e p r e s e n t e d  Dia toms.  T h i s  s i t u a t i o n  

marked ly  changed  i n  t h e  c o u r s e  o f  t h e  f o l l o w i n g  weeks.  I n  t h e  b e g i n n i n g  

o f  August when t h i s  c o a s t l i n e  was p r o s p e c t e d  a g a i n ,  Urospora  and 

Dia toms had s p r e a d  o u t  w i d e l y  on t h e  r o c k s ,  t h u s  f o r m i n g ,  o n c e  more ,  

t h e  two c h a r a c t e r i s t i c  b e l t s .  Moreover ,  a n a l y s e s  o f  f i e l d  c o l l e c t i o n s  

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

o f  a l l  t h e  a l g a l  s p e c i e s  m e t  w i t h  on t h i s  s h o r e  i n  1966  p r i o r  t o  t h e  

e r u p t i o n ,  e x c e p t  P y l a i e l l a  l i t t o r a l i s  and Enteromorpha  s p e c i e s  ( 1 ) .  '.- 
These  s p e c i e s ,  c o n f i n e d  t o  t h e  U r o s p o r a - b e l t  o r  i t s  v i c i n i t y ,  on  

r o c k s  and i n  t i d e  p o o l s ,  p l a y e d ,  however ,  o n l y  a  s u b o r d i n a t e d  r o l e  

i n  t h e  g e n e r a l  physiognomy o f  t h e  a l g a l  v e g e t a t i o n .  I n  a d d i t i o n  t h e  

o c c u r r e n c e  o f  A c r o s i p h o n i a  a l b e s c e n s  K j e l l m .  on  r o c k s  and i n  r o c k -  

p o o l s  o f  t h e  m i d - l i t t o r a l  zone o f  t h i s  s h o r e  r e p r e s e n t s  a  new r e c o r d  

f o r  S u r t s e y ,  L i k e  o t h e r  a l g a l  i n v a d e r s  s o  f a r  s e t t l e d  on S u r t s e y ,  

t h i s  s p e c i e s  i s  a l s o  found  t o  o c c u r  i n  t h e  Vestmannaeyj  a r - a r c h i p e l a g o ,  

m a i n l y  a s  e p i p h y t e  on  G i g a r t i n a  s t e l l a t a  i n  t h e  l o w e s t  p a r t  o f  t h e  

e u l i t  t o r a l  zone .  Another  new r e c o r d  o f  g r e a t  b i o l o g i c a l  i m p o r t a n c e  

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

h o l e  o f  t h e  r o c k ,  i n  t h e  lower  p a r t  o f  t h e  l i t t o r a l  zone .  

A s  t o  t h e  new s h o r e  i t  was e n t i r e l y  d e v o i d  o f  a l g a l  g r o w t h ,  

e x c e p t  i t s  r o c k y  n o r t h - e a s t e r n  p a r t  where  t h e  U r o s p o r a - b e l t  was 

a l r e a d y  g rowing  u p .  D ia toms  i n  b ranched  g e l a t i n o u s  s h e a t h s ,  b e l o n g i n g  

t o  N a v i c u l a  m o l l i s  o c c u r r e d  i n  r o c k - p o o l s ,  b u t  d i d -  n o t  form a  con -  

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

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

O t h e r  a l g a l  s e t t l e r s  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  new c o a s t  were  

a  few young t h a l l i  o f  P o r p h y r a  u m b i l i c a l i s ,  P e t a l o n i a  z o s t e r i f o l i a ,  



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

s p e c i e s  c o n c u r r e n t l y  o c c u r r i n g  on t h e  wes t  c o a s t .  

D u r i n g  i n v e s t i g a t i o n s  c a r r i e d  o u t  t o w a r d s  t h e  end o f  t h e  s u r v e y  

i n  September  and O c t o b e r  i n  t h e  same a r e a s  a s  p r e v i o u s l y  s t u d i e d ,  no 

ma jo r  c h a n g e s  o f  t h e  m a r i n e  a l g a l  v e g e t a t i o n  was n o t e d ,  I n  a d d i t i o n  t o  

s p e c i e s  a l r e a d y  met w i t h ,  two new i n d i g e n o u s  s p e c i e s  w e r e ,  however ,  

f o u n d .  One o f  t h e s e  was an immature  spec imen  o f  En te romorpha  l i n z a  ( L . 1  

J , A g . ,  6 crn h i g h  and t h e  o t h e r  r e s e m b l e s  somewhat Enteromorpha  compressa  

(L. G r e v , ,  a s  d e s c r i b e d  by B l i d i n g  ( 2 .  p .  1 3 2 ) .  B o t h  o f  t h e s e  s p e c i e s ,  

wh ich  grew i n  r o c k - p o o l s  on t h e  w e s t  c o a s t ,  o c c u r  e l s e w h e r e  i n  t h e  

a r c h i p e l a g o ,  Moreover ,  i t  was n o t e d  i n  O c t o b e r ,  t h a t  Cadiolum gregori .um,  

some t imes  i n  f r u i t i n g  c o n d i t i o n s ,  was l o c a l l y  abundan t  on t h e  w e s t  

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

B, Su rvey  o f  t h e  s u b t i d a l  zone .  

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

were  c a r r i e d  o u t  on August 1 5 t h  by means o f  a  t r a n s e c t  made by SCUBA- 

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

.. b e c a u s e  o f  i t s  l o c a t i o n  on t h e  l e e - s i d e  o f  t h e  e r u p t i o n ,  t h e  most 
% 

l i k e l y  p l a c e  t o  o f f e r  a  r o c k y  bo t tom f a v o u r a b l e  f o r  a l g a l  s e t t l e m e n t ,  

The p o s i t i o n  o f  t h e  t r a n s e c t  was d e t e r m i n e d  by t a k i n g  s e x t a n t  

r e a d i n g s  o n  t o  a c c u r a t e l y  f i x e d  p o i n t s  on t h e  s h o r e .  D e p t h s  were  

measured  b o t h  by echo-sounding  and w i t h  w r i s t  d e p t h - g a u g e s  and were  

c o r r e c t e d  t o  d e p t h  be low mean lower  low w a t e r ,  A d e e p - t o - s h a l l o w  

t r  a n s e c t  s a m p l i n g  method was employed.  O c c a s i o n a l l y  hydrophone  was 

u s e d  by d i v e r s  t o  communicate  d i r e c t l y  w i t h  t h e  b o a t .  The s u r v e y  of  

t h e  bo t tom was l i m i t e d  t o  a  maximum d e p t h  o f  2 0  m e t e r s ,  T h i s  d e p t h  

was l o c a t e d  90 m e t e r s  o f f s h o r e ,  

The a r e a  e x p l o r e d  by d i v e r s  was found t o  b e  c o v e r e d  w i t h  r o c k s ,  

2-4 m e t e r s  i n  d i a m e t e r ,  and n o t  d i s s i m i l a r  t o  t h o s e  found  i n  t h e  

i n t e r t i d a l  zone .  The r o c k s  were  s u r r o u n d e d  by s a n d  and d u s t  wh ich  

was e a s i l y  s t i r r e d  up by t h e  d i v e r s  when swimming o v e r  t h e  s e a  bed .  

A t  2 0  m e t e r s  d e p t h ,  where  t h e  d e p t h  i n c r e a s e d  a b r u p t l y ,  t h e  r o c k  

was c o v e r e d  w i t h  a s p e r i t i e s ,  



Sampl ing  was done  a l o n g  t h e  t r a n s e c t  t o w a r d s  t h e  s h o r e  a t  

v a r i o u s  d e p t h s ,  namely 2 0  m ,  17-13 m ,  13-6 m and 6-0 m .  

A t  2 0  m d e p t h  b e n t h i c  a n i m a l s ,  ma in ly  h y d r o z o i d s ,  were  d o m i n a t i n g  

on t h e  r o c k s .  Dia toms a l s o  o c c u r r e d  a t  t h i s  d e p t h ,  b u t  no m a c r o s c o p i c  

a l g a e  were  f o u n d .  I n  t h e  d e p t h  r a n g e  o f  17-13 m ,  t h e  r o c k s  were  

c o v e r e d  w i t h  young p l a n t s  o f  A l a r i a  e s c u l e n t a , ' o n l y  6-18 c m  l o n g  

s p a c e d  a p p r o x i m a t e l y  a t  0 . 5  i n t e r v a l s .  Very young h a i r y  D e s m a r e s t i a  

v i r i d i s ,  a b o u t  4 , 5  cm l o n g ,  grew among t h e  A l a r i a  p l a n t s ,  and o n e  

spec imen  o f  G i f f o r d i a  h i n c k s i a e  w i t h  p l u r i l o c u l a r  s p o r o c y s t s  was 

b r o u g h t  up from t h i s  d e p t h .  The p r e s e n c e  o f  Dia toms i n  g e l a t i n o u s  

s h e a t h s  on t h e  r o c k  s u r f a c e s  was a l s o  a s s e r t e d .  I n  t h e  segment  o f  

t h e  t r a n s e c t  a t  13-6 m d e p t h ,  A l a r i a  was a g a i n  t h e  d o m i n a t i n g  s p e c i e s  

and was accompanied  by D e s m a r e s t i a  and Dia toms ,  The l a r g e s t  spec imen  

o f  D e s m a r e s t i a  found  was 40 c m  l o n g  and came from t h e  d e p t h  o f  1 0  m .  

The l o n g e s t  A l a r i a  p l a n t  o b s e r v e d  was 1 , 1 0  m l o n g  and was found  a t  

6  m d e p t h .  T h i s  v e g e t a t i o n  was immature and w i t h o u t  e p i p h y t e s .  The 

6-0 m d e p t h  r a n g e  was v e r y  d i f f i c u l t  t o  e x p l o r e  owing t o  t h e  e x c e s s i v e  

s u r g e  and s t r o n g  c u r r e n t s  p r e v a i l i n g  a t  t h i s  d e p t h .  The d i v e r s  s u c c e e d -  

e d ,  however ,  i n  s u r v e y i n g  t h e  bo t tom a t  up t o  3  m d e p t h .  A t  t h i s  d e p t h  

no v e g e t a t i o n  o c c u r r e d  and t h e  r o c k  was c l e a n  and d i d  n o t  o f f e r  t h e  

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

R e c o n n a i s s a n c e  d i v e s  u n d e r t a k e n  some 2 7 0  m n o r t h  o f  t h e  t r a n s e c t  

r e v e a l e d ,  a t  1 0  m d e p t h ,  t h e  same k i n d  o f  bo t tom and an i m p o r t a n t  

A l a r i a - v e g e t a t i o n  c o v e r i n g  i t .  

D e s m a r e s t i a  v i r i d i s  and G i f f o r d i a  h i n c k s i a e  a r e  new i m m i g r a n t s  

on S u r t s e y .  They a r e  o b l i g a t e  s u b l i t t o r a l  s p e c i e s  which  have b e e n  

found  i n  t h e  a r c h i p e l a g o  b e f o r e ,  e i t h e r  by d r e d g i n g s  o r  SCUBA-divings. 

D. v i r i d i s  h a s  b e e n  b r o u g h t  up from 5-25 m d e p t h  i n  v a r i o u s  l o c a l i t i e s  - 
o f f  t h e  s h o r e s  o f  Heimaey ( E i d i d ,  U P d a r v i t i ,  BGt in ,  O f a n l e i t i s h a m r a r ) ,  

B randur  and H e l l i s e y  and G.  h i n c k s i a e  h a s  been  found  t o  o c c u r  a s  - 
e p i p h y t e  o n  t h e  s t i p e  o f  L a m i n a r i a  h y p e r b o r e a  and A l a r i a  e s c u l e n t a  

on 6-18 m d e p t h ,  i n  t h e  v i c i n i t y  o f  Heimaey and B r a n d u r .  A s  t o  

A l a r i a  e s c u l e n t a ,  a  v e r y  young spec imen had a l r e d a y  been  found  i n  

1966  on t h e  s o u t h - e a s t  c o a s t  o f  S u r t s e y  ( 1 ,  p .  49) the .  day b e f o r e  

t h e  s h o r e  was submerged i n  t h e  new l a v a .  



C .  ~ e m a g k s  on t h e  m a r i n e  a l g a l  s e t t l e m e n t ,  

A l though  s e r i o u s l y  a f f e c t e d  by t h e  l a s t  l a v a  f low on S u r t s e y ,  

t h e  m a r i n e  a l g a l  s e t t l e m e n t  h a s  c o n t i n u e d  and 5 new i n v a d i n g  s p e c i e s  

were  d e t e c t e d  i n  1967  i n  a d d i t i o n  t o  t h o s e  p r e v i o u s l y  found  and wh ich  

were  a l l  r e d i s c o v e r e d  w i t h  two e x c e p t i o n s .  T h i s  t o t a l i z e s  1 7  s p e c i e s  

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

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

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

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

p o p u l a t i o n  t o o k  p l a c e  l a t e r  o n .  T h i s  is  n o t  n e c e s s a r i l y  t h e  c a s e .  I t  

must  b e  b o r n e i n  mind t h a t  most o f  t h e  i n t e r t i d a l  c o l o n i z e r s ,  i f  n o t  

a l l ,  a p p e a r  t o  b e  a n n u a l  f o r m s ,  wh ich  p a s s  t h e  w i n t e r t i m e  a s  mic ro -  

s c o p i c  p l a n t s  e a s i l y  o v e r s e e n  i n  n a t u r e ,  T h i s  m i g h t ,  t h e r e f o r e ,  have 

b e e n  t h e  s i t u a t i o n  o f  t h e  a l g a l  g r o w t h ,  when i n v e s t i g a t i o n s  s t a r t e d  

i n  t h e  s p r i n g .  On t h e  o t h e r  hand ,  i t  is  o b v i o u s  t h a t  r e p o p u l a t i o n  

t o o k  p l a c e  o n  t h e  n o r t h - e a s t  c o a s t ,  where  a l l  l i f e  was b u r i e d  unde r  

t h e  l a v a  f l o w .  The o c c u r r e n c e  on  t h i s  c o a s t  o f  i n i t i a l  a l g a l  popu- 

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

c a n t  and s u g g e s t s  t h a t  t h e  a l g a l  s e t t l e m e n t  is t h e  s u b j e c t  o f  i n -  

v a r i a b l e  p r i n c i p l e s .  The p r e s e n c e ,  however ,  o f  c o l o n i z e r s ,  s u c h  a s  - 
A c r o s i p h o n i a  a l b e s c e n s ,  which  had n o t  been  e n c o u n t e r e d  b e f o r e  on 

S u r t s e y ,  seems t o  i n d i c a t e  t h a t  t h e  o r d e r  o f  a r r i v a l  and s e t t l e m e n t  

o f  c e r t a i n  s p e c i e s  migh t  a l s o  b e  a c c i d e n t a l ,  

A t  p r e s e n t  t h e r e  is no a b s o l u t e  d e l i m i t a t i o n  be tween  t h e  

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

i t  is d i f f i c u l t  t o  a p p r e c i a t e  t h e  r e a l  e x t e n s i o n  o f  t h e  s p e c i e s .  

T h i s  i n c o n v e n i e n c e  w i l l  now b e  surmounted  by i n c r e a s i n g  s e t t l e m e n t  

o f  b a r n a c l e s ,  which  have  a l r e a d y  a p p e a r e d  on  t h e  c o a s t ,  T h e i r  

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

e s t a b l i s h m e n t  o f  t h e  l i t t o r a l  z o n a t i o n  and t h e  e s t i m a t i o n  o f  t h e  

d e g r e e  b f  e x p o s u r e  o f  t h e  c o a s t .  T h e i r  uppe r  l i m i t ,  i n  q u a n t i t y ,  w i l l  

e v e n t u a l l y  mark t h e  boundary  be tween  t h e  e u l i t t o r a l  zone and t h e  

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

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

s e t t l e m e n t  p r o c e e d s .  
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o f  t h e  s u b t i d a l  zone was n o t  s u r p r i s i n g ,  a s  i t  had a l r e a d y  b e e n  

met w i t h  i n  1 9 6 6 .  I t  was u n e x p e c t e d ,  however ,  t o  f i n d  A l a r i a  s o  wide  

s p r e a d ,  e x h i b i t i n g  a  n o t i c e a b l e  s u b l i t t o r a l  b e l t ,  o f  up t o  60-70 

meters b r o a d .  I n  a d j a c e n t  w a t e r s  t h i s  s p e c i e s  grows most l u x u r i a n t l y  

i n  t h e  uppe rmos t  p a r t  o f  t h e  s u b l i t t o r a l  zone e x t e n d i n g  downwards t o  

6-10 m d e p t h .  I n  t h e  v i c i n i t y  o f  A l s e y ,  d i v e r s  b r o u g h t  A l a r i a  up from 

20  m d e p t h ,  b u t  t h i s  was e x c e p t i o n a l .  The d i s t r i b u t i o n a l  r a n g e  o f  

A l a r i a  o b s e r v e d  on S u r t s e y ,  where i t  grows a t  6-17 m d e p t h ,  is t h e r e -  

f o r e  somewhat e x c e p t i o n a l .  On t h e  o t h e r  hand ,  t h e  l a r g e s t  s p e c i m e n s  

o f  A l a r i a  w e r e  on S u r t s e y  found a t  6 m d e p t h ,  wh ich  a p p e a r s  t o  be t h e  

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

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

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

E i d i d ,  on  Heimaey, where  i t  was found  l a s t  summer a t  6-25 m d e p t h .  

A c t u a l l y  t h e  l ower  l i m i t  o f  t h e  v e g e t a t i o n  a n  S u r t s e y  is l o c a t e d  

a t  abou t  20  m d e p t h .  T h i s  l i m i t  is a p p r o x i m a t e l y  t h e  same a s  o b s e r v e d  

e l s e w h e r e  i n  t h e  a r c h i p e l a g o ,  where SCUBA-diving s t u d i e s  have b e e n  

c a r r i e d  o u t  ( G e i r  f u g l a s k e r  , H e l l i s e y  , Alsey and i n  d i f f e r e n t  l o c a l i t i e s  

a t  Heimaey) .  The u p p e r  l i m i t  o f  t h e  s u b l i t t o r a l  v e g e t a t i o n  on S u r t s e y  

i s ,  on t h e  o t h e r  hand ,  abnorma l ly  c h a r a c t e r i z e d  by a  b a r r e n  b e l t ,  - 
which  c o r r e s p o n d s  on  a d j a c e n t  s h o r e s  t o  t h e  p o s i t i o n  o f  t h e  L a m i n a r i a  

d i g i t a t a  and /o r  A l a r i a  e s c u l e n t a  b e l t .  

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

D e s m a r e s t i a ,  i n v o l v i n g  an  a l t e r n a t i o n  be tween  a  l a r g e  and s t r u c t u r a l l y  

complex s p o r o p h y t e  and an e x c e e d i n g l y  m i n u t e  game tophy te ,  i t  is  

o b l i g a t e d  t h a t  t h e s e  p l a n t s  grew up from e g g s  wh ich  s e t t l e d  on  t h e  

bo t tom o f  S u r t s e y .  A s  t o  t h e  D e s m a r e s t i a  p l a n t s  i t  i s  o b v i o u s ,  b e c a u s e  

o f  t h e i r  j < v e n i l e  c h a r a c t e r s ,  t h a t  t h e y  grew up d u r i n g  t h e  summer 

s e a s o n ,  I t  seems l i k e l y  t h a t  t h e  same a p p l i e s  t o  t h e  A l a r i a  p l a n t s  

d e s p i t e  t h e i r  p r e s e n c e  on S u r t s e y  t h e  y e a r  b e f o r e .  The s i z e  o f  t h e s e  

p l a n t s  compare  f a v o u r a b l y  w i t h  t h e  s i z e  o f  t h e  A l a r i a  p l a n t s  found i n  Aug. 

n e a r  Heimaey, g rowing  on a r t i f i c i a l  s u b s t r a t e  ( a i r c r a f t  w r e c k ) ,  which  

had been  immerged i n  t h e  s e a ,  a t  6  m d e p t h ,  f o r  3 months .  T h i s  ob- 

s e r v a t i o n  s h o w s ,  m o r e o v e r ,  t h a t  t h e  g rowth  o f  A l a r i a  i n  I c e l a n d i c  



w a t e r s  i g  n o t  r e s t r i c t e d  t o  t h e  w i n t e r m o n t h s  a s  seems t o  b e  t h e  c a s e ,  

f o r  example ,  on t h e  Norwegian c o a s t  ( 3 ) .  
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R e p o r t  on S t u d i e s  o f  Mic roo rgan i sms  on S u r t s e y ,  1967  

by 

A r i n b j o r n  K o l b e i n s s o n ,  M .  D, and S t u r l a  F r i d r i k s s o n  

The aim o f  t h e  s t u d i e s  was t o  e s t i -ma te  t h e  r e l a t i v e  b a c t e r i a l  

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

t h e  t e p h r a .  The s t u d y  i n  1967  was a  c o n t i n u a t i o n  o f  o b s e r v a t i o n s  p e r -  

formed o n  S u r t s e y  i n  t h e  p r e v i o u s  y e a r s  (1964-1966) .  They had shown 

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

was s c a n t y  and presumably  i n f l u e n c e d  by w e a t h e r  c o n d i t i o n s  and 

d e p e n d e n t  on  e l e v a t i o n  above s e a  l e v e l .  Fewer b a c t e r i a  were  found 

a t  t h e  h i g h e r  e l e v a t i o n  t h a n  a t  s e a  l e v e l ,  and it was a l s o  shown, 

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

t h e  b a c t e r i a l  c o u n t s ,  

A i r  s a m p l i n g  

A s t u d y  was pe r fo rmed  on  August t h e  3 r d ,  1 9 6 7 ,  d u r i n g  a ca lm 

day w i t h  l i g h t  o v e r c a s t .  The me thods  used  f o r  i n v e s t i g a t i n g  t h e  

b a c t e r i a l  c o n t e n t  o f  t h e  a i r  were t h o s e  d e s c r i b e d  i n  t h e  P r o c e e d i n g s  
" 

o f  t h e  S u r t s e y  R e s e a r c h  C o n f e r e n c e ,  R e y k j a v i k ,  June 2 5 t h  - 2 8 t h  1967 ,  

The c o u n t s  were pe r fo rmed  from s a m p l e s  t a k e n  a t  t h r e e  s i t e s  a t  

d i f f e r e n t  e l e v a t i o n s :  P 'E i3 i"  1 m e t e r  above  s e a  l e v e l ,  9 tSandurQ'  

abou t  2 0  m e t e r s  above s e a  l e v e l  and s v B 6 1 f e l l v q  a b o u t  3 0  m.eters above 

s e a  l e v e l ,  The o b s e r v a t i o n  t i m e  was f i v e  and a  h a l f  hou r  and media  

used were t h e  same a s  d e s c r i b e d  e a r l i e r .  

R e s u l t s  d i d  n o t  d i f f e r  s u b s t a n t i a l l y  f rom t h e  p r e v i o u s  f ind- .  

i n g s ,  The b a c t e r i a l  c o u n t s  were  a s  f o l l o w s :  A t  P q S a n d u ~ v '  0 ,O  

c o l o n i e s  p r .  p l a t e  p r .  h o u r ,  a t  P P B 6 1 f e l l "  0 , 2  c o l o n i e s  p r ,  p l a t e  

P r .  hou r  and a t  " E i 8 i f t  l , 8  c o l o n i e s  p r ,  p l a t e  p r .  h o u r .  The t y p e s  

01 m i c r o o r g a n i s m s  which  were  i s o l a t e d  were o f  t h e  same g e n e r a l  k i n d s  

a s  d e s c r i b e d  i n  e a r l i e r  s t u d i e s ,  s a p r o p h y t i c  b a c t e r i a  and a  few 

species o f  moulds .  



T e p h r a  s a m p l i n g  

On t h e  2 1 s t  o f  J u l y  t h i r t e e n  s a m p l e s  o f  s u r f a c e  t e p h r a  were  

c o l l e c t e d  a t  v a r i o u s  s i t e s  and d i f f e r e n t  e l e v a t i o n .  F i v e  o f  t h e  

s a m p l i n g  s i t e s  were  l o c a t e d  on a  t r a n s e c t  f rom t h e  l a g o o n  a c r o s s  

t h e  r i d g e  ( H g l s )  1 2 0  m e t e r s  above s e a . l e v e l  and down t o  t h e  s o u t h -  

w e s t  c o a s t .  Samples  had been c o l l e c t e d  from t h e s e  same s i t e s ,  i n  t h e  

y e a r s  1965  and 1 9 6 6 ,  S e v e r a l  s amples  w e r e  t a k e n  on t h e  n o r t h e r n  

c o a s t ,  where  a  few i n d i v i d u a l s  o f  h i g h e r  p l a n t s  had a l r e a d y  c o l o n i z e d ,  

and i n  a d d i t i o n  o n e  sample  was t a k e n  . c l o s e  t o  t h e  h u t  ( P B l s b ~ r ) ,  The 

t e p h r a  s a m p l e s  were  c ~ l l e c t e d ~ a s c e p t i c a l l y  i n  s t e r i l e  p l a s t i c  con-  

t a i n e r s  e a c h  sample  we igh ing  100-200 g r .  They have  been  s t o r e d  

a t  - 2 2 O ~  s i n c e  t h e  2 3 r d  o f  J u l y  1967 .  The s a m p l e s  w i l l  b e  k e p t  

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

s a p r o p h y t i c  s p e c i e s .  
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S u r t s e y  was v i s i t e d  by a l l  f o u r  members on August 20  t o  2 1 ,  by 

L i n d r o t h  a l s o  o n  J u n e  2 6 ,  and R i c h t e r  s t a g e d  on t h e  i s l a n d  from 

J u n e  2 4  t o  August 11, w i t h  b r i e f  i n t e r r u p t i o n s .  

The s m a l l e r  Westman I s l a n d s  were v i s i t e d  by h e l i c o p t e r  on 

August 18,  b u t ,  due  t o  s u d d e n l y  d e t e r i o r a t i n g  w e a t h e r  c o n d i t i o n s ,  

o n l y  G e i r f u g l a s k e r  and S b l n a s k e r  c o u l d  b e  i n v e s t i g a t e d  

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

Meimaey, d u r i n g  t h e  p e r i o d  August 1 6  t o  2 2 .  

T h e r e a f t e r ,  e x p l o r a t i o n  were  s t a r t e d  o f  t h e  s o u t h e r n  c o a s t -  

l a n d  o f  t h e  m a i n l a n d  o f  I c e l a n d ,  be tween  S e l j a l a n d  and V i k ,  which  

must  b e  r e g a r d e d  a s  t h e  most i m p o r t a n t  s o u r c e  a r e a  o f  t h e  S u r t s e y  

i m m i g r a n t s ,  C o l l e c t i n g  was p e r f o r m e d  t h e r e  August 23 t o  30. 

The v a s t  m a t e r i a l  c o l l e c t e d  i s  b e i n g  worked up by many s p e c i a -  

l i s ts  i n  d i f f e r e n t  c o u n t r i e s  and t h e  f i n a l  r e s u l t s  a r e  n o t  y e t  

a v a i l a b l e .  

1, S u r t s e y  

The f o l l o w i n g  l i s t  is r e s t r i c t e d  t o  s p e c i e s  o f  t e r r e s t r i a l  

i n v e r t e b r a t e s  d i s c o v e r e d  on S u r t s e y  i n  1967 and p r e v i o u s l y  unknown 

on t h e  i s l a n d .  

New r e c o r d s  o f  T e r r e s t r i a l  A r t h r o p o d s  found on S u r t s e y  i n  1967  
I___- -- 
3 7  s p e c i e s ,  



I N S E C T A  

D i p  t e r a ,  1 9  s p e c i e s .  

Fam. Chi ronomidae  ( d e t .  D . R .  O l i v e r )  
:1 

Chironomus s p .  G . V I I , ,  o  i n  g l u e  t r a p .  

N a n o c l a d i u s  minor  Edw. V I I .  , or . 
Fam. T i p u l i d a e  ( d e t ,  B. T j e d e r )  

P r i o n o c e r a  t u r c i c a  F.  12-14. V I I . ,  3 g 
Fam. B i b i o n i d a e  ( d e t  , H.  Ande r s son )  

D i l o p h u s  f e m o r a t u s  Meig.  1 2 . V I I . )  7 ;  1 3 . V I I .  6 ;  l I . V I I I . ,  2  dl , 2. 
Fam. S c i a r i d a e  ( d e t  . R .  Tuomikosk i )  

L y c o r e l l a  c o n s p i c u a  Winn, 2 1 . V I I I .  ov. 

B r a d y s i a  s p .  ( c f .  n i t i d i c o l l i s  Meig. ) 1 3 . V I I . ,  P .  
Fam. S y r p h i d a e  ( d e t .  H. Ande r s son )  

P l a t y c h e i r u s  a l b i m a n u s  F.  1 3 . V I I .  , g. 
Fam. Heleomyzidae ( d e t .  H.  ~ n d e r s s o n )  

L e r i a  S e r r a t a  L o  5.V,  ( 2 ) ;  6 ,V ,  ( 1 ) ;  8 . V .  ( 8 0 ) ;  9.V. ( 1 ) ;  10 .V.  ( 2 4 ) ;  

Fam. S p h a e r o c e r i d a e  ( d e t  . H .  Andersson)  

Coprornyza e c u i n a  L .  8 . V e  ( 1 ) .  

C ,  s i r n i l i s  C o l l ,  2 1 . V I I I .  1 ex. lin g l u e  t r a p ,  

Fam. S c a t o p h a g i d a e  ( d e t .  H.  ~ n d e r s s o n )  

S c a t o p h a g a  l i t o r e a  F a l l .  3 0 .  V I . ,  P .  
Fam. S e p s i d i d a e  ( d e t  .. H ,  Ande r s son )  

Themi ra  d a m f i  Beck.  2 1 , V I I I . ,  1 e x ,  i n  g l u e  t r a p .  
-.- 

Fam. P i o p h i l i d a e  ( d e t ,  H.  Ande r s son )  

P i o p h i l a  v u l g a r i s  F a l l .  1 2 . V I I . ,  8 i n  g l u e  t r a p .  

Fam. C a l l i p h o r i d a e  ( d e t  . H ,  Ande r s son )  

C a l l i p h o r a  u r a l e n s i s  V i l l .  1 2 .  V I I . ,  3. 
Cynomyia mortuorum L .  1 6 . V I I . ,  9 i n  g l u e  t r a p .  

Pam. Muse idae  s .1.  ( d e t ,  L.  Lyneborg )  

M y o s p i l a  m e d i t a b u n d a  F .  2 5 . V I I . ,  1 e x .  i n  t h e  h o u s e .  

S p i l o g o n a  ( 7 )  m i c a n s  Ringd .  1 2 . V I I . ,  2 i n  g l u e  t r a p .  
-= 

C o e n o s i a  p u m i l a  F a l l .  13 .VI I . ,  9 i n  g l u e  t r a p .  

Fam. H i p p o b o s c i d a e  ( d e t , ,  H.  ~ n d e r s s o n )  

O r n i t h o m y i a  c h l o r o p u s  B e r g r .  2 8 . V I I . )  d$ i n  t h e  h o u s e ;  6, 2  9 on 

h i r d  ( S t e r n a ) .  



H y  m e n  o  p  t e  r a ,  4 s p e c i e s .  

Fam. Ichneumonidae  ( d e t .  G. J, K e r r i c h )  

P impla  s o d a l i s  R u t h e .  l Z . V I I . ,  6 ;  12 , V I I I . ,  $. 
Fam. B r a c o n i d a e .  

M e t e o r u s  l e v i v e n t r i s  Wesm. ( d e t .  R . D .  Eady) .  1 2 , V I I . ,  2 i n  t h e  h o u s e .  

Chorebus  ( a )  c y t h e r e a  Nix .  ( d e t .  G.C,D. G r i f f i t h s ) .  1 3 . V I I , ,  1 e x .  

Earn. P r o c t o t r u p i d a e  ( d e t .  A .  Sundholm).  

P l a t y g a s t e r  s p l e n d i d u l u s  R u t h e .  13 .  V I I .  , 9 .  

C o  1 e o p  t e r a ,  2 s p e c i e s .  
P 

Fam. C a r a b i d a e  ( d e t  , C .  H, L i n d r o t h )  . 
Amara q u e n s e l i  Schnh,  1 2 . V I I , ,  m a c r o p t e r o u s  o .  + 
P a t r o b u s  s e p t e n t r i o n i s  Dej  . 1 2 .  V I I .  , 9 ( p r o b a b l y  washed a s h o r e  d e a d ) .  

L e p  i d o  p  t e r a ,  5 s p e c i e s  ( d e t .  P .  Douwes), 

Pam, Moc tu idae .  

R h y a c i a  f e s t i v a  S c h i f f .  2 0 .  V I I I .  , dq ( p r o b a b l y  washed a s h o r e  d e a d ) ,  

Fam, Geometr i d a e  . 
C i d a r i a  m u n i t a t a  Hb, 1 . V I I I .  ( 1 ) .  

Fam. P y r a l i d a e .  

Crambus p a s c u e l l - u s  L .  1 1 . V I I .  ( 1 ) .  

N o ~ o p h l l a  n o c t u e l l a  S c h i f f .  2 0 , V I I I .  ( 2 ) .  

Pam. T i n e i d a e  ,, 

B r y o t r o p h a  sirnilis S t t ,  14 .V11e  ( 1 ) .  

P l u t e k l a  m a c u l i p e n n i s  C u r t ,  8 .VI I I .  ( 2 ) .  Already  found i n  1 9 6 4  and 

1966 b u t  n o t  r e c o r d e d  by u s .  

H e  rn i p  t e  r a ,  1 s p e c i e s .  

Fam. Aphidae ( d e t ,  F .  ~ s s i a n n i l s s o n )  . 
Bsachycaudus  h e l i c h s y s i  K l t .  1 2 .  V I I I .  , Winged 9. 

M a 1 1 o  p  h  a g a ,  1 s p e c i e s .  - 
Gen, Sp ,  1 4 . V I I .  ( I ) ,  from unknown b i r d .  

C o  1 1 e m b  o  1 a ,  1 s p e c i e s .  
-~ 

Fam. I s o t o m i d a e  ( d e t .  H ,  B o d v a r s s o n ) .  

Arch i so toma  b e s s e l s i  P a c k .  2 0 - 2 l . V I I I .  , 2  e x .  u n d e r  d r i f t - w o o d .  



A R A C H N O I D E A  

A r a n  e  i d  a ,  2 s p e c i e s  ( d e t .  1. Holm). 

Fam, L i n y p h i i d a e .  

L e p t h y p h a n t e s  mengei  Ku lcz .  2 1 . V I I . ,  q ;  2 1 . V I I I . ,  y. 
M e i o n e t a  n i g r i e s  Sim. 2 O . V I I I .  , d?. 

A c  a  r i ,  1 s p e c i e s ,  

Fam. Ixod i d  ae  . 
Gen* s p .  5 , V . ,  on b i r d  ( A n t h u s ) ,  

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

A r t h r o p o d s  found  on  S u r t s e y  a r e  d i v i d e d  i n t o  t axonomic  g r o u p s ,  a s  

f o l l o w s .  

I n s e c t a :  5 6  s p p .  

D'ipt e r  a  

S i p h o n a p t e r a  

Hymenopt e r  a  

C o l e o p t e r a  

L e p i d o p t e r a  

Wemiptera  

36  N e y r o p t e r  a  1 

Mal lophaga  

C o l l e m b o l a  

Arachno idea :  7 s p p .  

A r a n e i d a  3  

A t o t a l  number o f  63  s p e c i e s .  T h i s  means t h a t ,  t h r o u g h  t h e  

c o l l e c t i n g  made i n  1 9 6 7 ,  t h e  t e r r e s t r i a l  i n v e r t e b r a t e s  known from 

S u r t s e y  have  more t h a n  d o u b l e d .  I t  s h o u l d  b e  r e a l i z e d ,  however ,  

t h a t  t h e  v a s t  m a j o r i t y  o f  them a r e  c a s u a l  v i s i t o r s  o n l y .  Permanent  

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

on t h e  s h o r e ,  f i r s t  and f o r e m o s t  L e r i a  m o d e s t a  M e i g . ,  t h e  most  abundan t  

o f  a l l  i n s e c t s .  

2 .  C o l e o p t e r a  of  t h e  s m a l l  Westman I s l a n d s  ( T a b l e  1 ) .  - 
A c a r e f u l  i n v e s t i g a t i o n  o f  t h e  f a u n a  o f  a l l  i s l a n d s  o f  t h e  

Westman g r o u p  i s  a  n e c e s s a r y  p r e r e q u i s i t e  f o r  under  st  a n d i n g  t h e  

deve lopment  o f  t h e  S u r t s e y  f a u n a  i t s e l f .  The f a u n a  o f  t h e  main  i s l a n d ,  

Heimaey, i s  now f a i r l y  w e l l  known b u t  a l m o s t  a l l  o f  t h e  s m a l l e r  





82. TABLE I 

D i s t r i b u t i o n  o f  C o l e o p t e r a  on  t h e  s m a l l  Westman I s l a n d s ,  

CARABIDAE 

Amara q u e n s e l i  Schnh .  

C a l a t h u s  m e l a n o c e p h a l u s  L ,  

N e b r i a  g y l l e n h a l i  Schnh .  

N o t i o p h i l u s  b i g u t t a t u s  F. 

P a t r o b u s  s e p t e n t r i o n i s  D e j  . 
DYT ISCIDAE 

Hydroporus  n i g r i t a  F, 

STAPHYLINIDAE 

A t h e t a  a m i c u l a  S t e p h ,  

A.  a t r a m e n t a r i a  G y l l ,  

A.  e x c e l l e n s  K r .  

A. f u n g i  G r ,  

A .  i s l a n d i c a  K r .  

A .  v e s t i t a  G r .  

L e s t e v a  l o n g e l y t r a t a  Gze. 

Micralymma marinum S t rom 

Omalium excava tum S t e p h .  

O t h i u s  m e l a n o c e p h a l u s  G r .  

Oxypoda i s l a n d i c a  Kr. 

P h i l o n t h u s  t r o s s u l u s  Nordm. 

Qued ius  mesome l inus  Mrsh .  

BYRRHIDAE 

B y r r h u s  f a s c i a t u s  F o r s t .  

ELATERIDAE 

Hypnoidus  r i p a r i u s  F. 

LATHRIDI IDAE 

Enicmus m i n u t u s  L.  

CRYPTOPHAGIDAE 

Atomar i a  a n a l i s  E r .  

CURCULIONIDAE 

B a r y n o t u s  squamosus  G e r m .  

0 .  d u b i u s  S t rom 

SCARABAEIDAE 



The E a r l y  Development o f  F r e s h w a t e r  B i o t a  on S u r t s e y  - 

by 
B a s s e t t  Magui re  , Jr , 

The U n i v e r s i t y  o f  Texas  a t  A u s t i n  
A u s t i n ,  T e x a s  

On J u n e  1 and 2 ,  1 9 6 7 ,  11 a q u a t i c  o r g a n i s m  t r a p s  were  s t e r i l i z e d  

w i t h  50% e t h a n o l  ( d e n a t u r e d  w i t h  m e t h y l  v i o l e t  and p y r i d i n e )  and 

p l a c e d  i n  v a r i o u s  l o c a t i o n s  o n  t h e  l a v a  f i e l d s  o f  S u r t s e y .  T h e s e  t r a p s  

were made o f  p o l y e t h y l e n e  and a r e  abou t  8 0  c m  l o n g ,  5 0  cm wide  and 

30 crn d e e p  ( t h e y  were  s o l d  a s  l a u n d r y  t u b s ) .  P i e c e s  o f  l a v a  were  

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

them away, I t  is  a n t i c i p a t e d  t h a t  t h e s e  t r a p s  w i l l  f i l l  w i t h  r a i n  

w a t e r  and p r o v i d e  11 i s o l a t e d  h a b i t a t s  i n  which  t h e  p r o c e s s  o f  

c o l o n i z a t i o n  by f r e s h  w a t e r  a l g a e ,  p r o t o z o a ,  and micro-metazoa  c a n  

b e  f o l l o w e d ,  

On J u n e  1, 3 and 5  a i r  was sampled by h o l d i n g  up p e t r l  p l a t e s  

c o n t a i n i n g  s t e r i l e  a g a r  (made w i t h  B o l d ' s  B a s a l  Medium), and on t h e  

3 r d  a i r  s a m p l e s  were  t a k e n  w i t h  a r o t o r o d  s a m p l e r  (some r o d s  were  

c o v e r e d  w i t h  a g a r  and o t h e r s  w i t h  s i l i c o n e  s t o p c o c k  g r e a s e  a s  ad -  

h e s i v e ) .  T h e s e  s a m p l i n g  t e c h n i q u e s  have been  shown t o  b e  e f f e c t i v e  

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

(Brown, L a r s o n  and B o l d ,  1 9 6 4 ) -  Wind v e l o c i t i e s  were a b o u t  55 k n o t s  

o n  June  1, 1 5  k n o t s  on  June  3 ,  and 5  k n o t s  on J u n e  5 ;  i n t e r m i t t a n t  

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

on  June  5  was any r a i n  c a u g h t  o c  t h e  a g a r  s u r f a c e  (and  t h e n  o n l y  a 

l i t t l e  f rom t h e  l e a d i n g  edge  o f  a s h o w e r ) ,  

On June  4, a  s e r i e s  o f  a s h  s a m p l e s  were  t a k e n  from 8 p o i n t s  

i n  a  t r a n s e c t  on  t h e  MME s i d e  of  t h e  i s l a n d ,  from j u s t  above  t h e  

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

i n  a r t i f i c i a l  l a k e  w a t e r  (Magu i se ,  19631,  B o l d ' s  B a s a l  Medium, s e a  

w a t e r  c u l t u r e  medium, and n i l l i p o r e  f i l t e r e d  pond w a t e r ,  Some o f  t h e  

c u l t u r e s  were  f e d  a  few d r o p s  o f  a n  a u t o c l a v e d  s u s p e c s i o n  o f  d r i e d ,  

p u l v e r i z e d  wheat  l e a f  ( C e r o p h y l l )  i n  d i s t i l l e d  w a t e r .  A s i m i l a r  

s e r i e s  o f  a s h  s a m p l e s  were t a k e n  on  August 1 3 ;  t h e y  were  c u l t u r e d  

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



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

was deepened  and l i n e d  w i t h  a  s h e e t  o f  p o l y e t h y l e n e ,  a  5-8 c m  l a y e r  

o f  a s h  was s p r e a d  o n  t h i s  s h e e t ,  a  s e c o n d  s h e e t  was added ,  and i n  

t u r n  c o v e r e d  w i t h  a n  a s h  l a y e r .  I t  was hoped t h a t  w a t e r  would c o l l e c t  

i n  t h i s  d e p r e s s i o n  t o  p roduce  a  pond o f  abou t  2 by 4 m .  A t  o n e  t i m e  

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

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

o r  b e c a u s e  t h e  b o t t o m  was p u n c t u r e d  e v e n  t h o u g h  i t  had been  made o f  

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

C o l l e c t i o n s  were  made from e a c h  o f  t h e  11 t r a p s  d u r i n g  t h e  

s e c o n d  week o f  Augus t .  A t  t h i s  t i m e  o n l y  4 o f  t h e  t r a p s  c o n t a i n e d  

w a t e r  ( t h e  summer had been  u n u s u a l l y  d r y  and t h e  t r a p s  had n o t  been  

p u t  on S u r t s e y  i n  t i m e  t o  t a k e  a d v a n t a g e  o f  t h e  w i n t e r  r a i n s ) .  Water 

s a m p l e s  were  examined i m m e d i a t e l y  a f t e r  c o l l e c t i o n  and t h e n  d i v i d e d  

i n t o  s u b s a m p l e s ,  some o f  which  were  f e d  w i t h  C e r o p h y l l  s u s p e n s i o n .  

Ash s a m p l e s  were  t a k e n  from t h e  d r y  t r a p s ,  a l l  o f  wh ich  had had 

w a t e r  i n  them a t  some t i m e  be tween  e a r l y  J u n e  and mid Augus t .  Sub- 

s a m p l e s  o f  a s h  and w a t e r  were  g i v e n  t o  D r .  Ha ro ld  C .  B o l d ,  a  phyco- 

l o g i s t ,  and t o  D r .  S t u a r t  S .  B a m f o r t h ,  a  p r o t o z o o l o g i s t ;  I have  

o t h e r s  c u l t u r e d  ( a s  o u t l i n e d  above )  and have  examined them p e r i -  

o d i c a l l y .  S o i l  s a m p l e s  w-ere k i n d l y  o b t a i n e d  by M r .  S i g u r d u r  H .  

R i c h t e r  from i s l a n d s  be tween  S u r t s e y  and I c e l a n d  ( G e i r  f u g l a s k e r  - 
n e a r e s t  S u r t s e y ,  and Dyrh6laey  ( P o r t l a n d )  an i s l a n d  v e r y  n e a r  t o  

ma in l and  and now c o n n e c t e d  t o  i t  by a  w ide  b e a c h ) .  These  s a m p l e s  

were  s u b d i v i d e d  and t r e a t e d  a s  o u t l i n e d  above .  

R e s u l t s  

More d a t a  and more d e t a i l e d  i n f o r m a t i o n  on t h e  s p e c i e s  o f  

s m a l l  a q u a t i c  o r g a n i s m s  i n  t h e  a s h  and t h e  t r a p s  ( e x c l u d i n g  b a c t e r i a  

and p r o t o z o a )  w i l l  b e  a v a i l a b l e  when c u l t u r e  s t u d i e s  a r e  c o m p l e t e .  

I n f o r m a t i o n  o b t a i n e d  t o  t h i s  d a t e  i s  summarized be low:  

1. Except  f o r  b a c t e r i a  and f u n g i  ( o f  wh ich  t h e r e  were  many 

c o l o n i e s ) ,  no f r e s h w a t e r  o r g a n i s m s  grew from t h e  c u l t u r e s  

o f  a i r  and r a i n  s a m p l e s .  



2 .  C u l t u r e s  from t h e  a s h  t r a n s e c t  e x t e n d i n g  from s l i g h t l y  above 

s e a  l e v e l  ( 1 )  t o  t h e  t o p  o f  t h e  a s h  h i l l  (8) c o n t a i n e d  t h e  

f o l l o w i n g :  

Samples  o f  J u n e  4 ,  1967:  n o t h i n g  e x c e p t  f o r  moss pro tonema 

i n  2 ,  3 ,  4  and 8 .  

Samples  o f  August 13, 1 9 6 7 :  

1. S t i c h o c o c c u s  ( i n  f r e s h  w a t e r  and s a l t  med ia )  

D u n a l i e l l a  

2 .  Chlamydomonas 

3 .  Chlorococcum 

S t  i c h o c o c c u s  

Dunal ie l lba  

4. C h l o r e l l a  l i k e  

5.  Chlamydomonas (2  s p p )  

6 .  none  

7 ,  none 

8 .  none 

3 .  From t h e  t r a p s  ( n o ,  3 ,  4 ,  5 and 1 0  c o n t a i n e d  w a t e r ) :  

Samples  o f  August 1 4 ,  1967 :  

1. none ( s a l t y ? ) '  

2 .  none x 

3 ,  Anabaena 

F a s c i c u l o c h l o r i s  

Chlamydomonas 

Oicomonas 

Cercobodo 

M a y o r e l l a  

C o n t a i n e d  b i r d  f e a t h e r s ,  

f a e c e s ,  p i e c e s  o f  m a r i n e  

c r u s t a c e a  b r o u g h t  i n  by 

b i r d s .  

H a r t m a n n e l l i d a e  o r  Vah lkampf i idae  

S m a l l  f i l o s e  Rhizopod 

E u c h e l y s  ( a )  



4 .  Chlamydomonas 

C h l o r o c o c c a l i a n  a l g a  

Monas 

Bodo 

Amphimonas (? )  

Cercomas t  ax (? )  

5.  Nannochlor  is  

C h l o r o c o c c a l i a n  a l g a  

Monas 

Bodo 
P 

Oicomonas 

Amphimonas 

6 ,  none 

7 .  Bodo 

Colpoda  

8 .  none  

9 .  none 

1 0 .  Chlamydomonas - 
C h l o r e l l a  l i k e  a l g a  

Oicomonas 
P 

11, none as. 

4 .  The c u l t u r e s  from s o i l  s a m p l e s  f rom i n t e r m e d i a t e  i s l a n d s  

c o n t a i n e d  : 

G e i r f u g l a s k e r  ( t o p )  : T e t r a c y s t  i s  

Chlorococcum 

moss 

Monas 

Bodo n o ,  1 

Bodo no .  2 
P 

Cercomast  i x  

s m .  z o o f l a g e l l a t e  

v .  s m a l l  Act inopod 

x C u l t u r e s  have  n o t  y e t  been  c o m p l e t e l y  examined (Dr .  Bamfor th  
is now work ing  on t h e m ) .  , 



H o l o t r i c h  no .  1 

H o l o t r i c h  no .  2 

O x y t r i c h i d a e  

R h a b d o s t y l a  

Nematode 

Dyrh6laey  ( t o p  and bo t tom combined) :  

N o d u l a r i a  

Chl  amydomonas 

T e t r a c y s t  is  

Chlorococcum 

C h l o r e l l a  

B u m i l l a r i a  

S p o n g i o c h l o r i s  

Hormidium 

E n t o c l a d i a  ( i n  m a r i n e  medium) 

P i n n u l a r i a  

Gymnost ome 

Colpoda 

Hypotr  i c h i n a  

D i s c u s s i o n  

T h e r e  was an a v e r a g e  o f  6 . 75  d i f f e r e n t  s p e c i e s  i n  t h e  s a m p l e s  

f rom t r a p s  which  c o n t a i n e d  w a t e r ,  and an a v e r a g e  o f  o n l y  0 . 5  s p e c i e s  

i n  t h o s e  were  d r y .  The h i g h e r  number i n  t h e  wet t r a p s  c o u l d  b e  

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

a q u a t i c  o r g a n i s m s  by t r a p s  wh ich  c o n t a i n e d  w a t e r  f o r  d i f f e r e n t  

l e n g t h s  o f - t i m e  and/or  by a  h i g h  m o r t a l i t y  which  migh t  have  o c c u r r e d  

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

t h e y  became h i g h l y  s a l i n e  a s  t h e  amount o f  w a t e r  d e c r e a s e d  toward  

z e r o .  

The e a r l y  deve lopment  o f  f r e s h w a t e r  communi t i e s  i n  t h e  t r a p s  

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

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

t h e  c o n c l u s i o n  t h a t  many s m a l l  a q u a t i c  o r g a n i s m s  have  v e r y  e f f i c i e n t  



d i s p e r s a l  m e c h a n i s m s .  I t  is t o o  e a r l y  t o  see d e v e l o p m e n t a l  p a t t e r n s  

o f  t h e s e  c o m m u n i t i e s ;  w i t h i n  t h e  n e x t  few y e a r s ,  h o w e v e r ,  a  f a s c i n a t i n g  

s t o r y  s h o u l d  u n f o l d .  



Mar ine  B i o l o g i c a l  S t u d i e s  o f  t h e  S u b l i t t o r a l  Bot toms 

Around S u r t s e v  

by 

W i l l y  N i c o l a i s e n  
Mar ine  B i o l o g i c a l  L a b o r a t o r y  H e l s i n g o r  , Danmark 

I n  o r d e r  t o  f o l l o w  t h e  i n v a s i o n  o f  b o t t o m  a n i m a l s  o n t o  t h e  

newly formed bo t tom around S u r t s e y ,  t h e  a u t h o r  c o l l e c t e d  bo t tom 

s a m p l e s  a t  t h e  end o f  August 1966 and t h e  end o f  May 1 9 6 7 ,  

Most o f  t h e  s a m p l e s  w e r e  o b t a i n e d  by means o f  a 0 , l  m2 Smith-  

MacHntyre q u a n t i t a t i v e  bo t tom s a m p l e r  b u t  t h e  tPMouse t r a p q '  bo t tom 

s a m p l e r  was used  i n  some c a s e s .  

The s a m p l i n g  s t a t i o n s  were  l o c a t e d  by means o f  an  echosounde r  

and a  r a d a r ,  

I n  August 1966 s a m p l i n g  was c a r r i e d  o u t  on  t h e  S u r t s e y  c r o s s  

( i , e .  a t  d i s t a n c e s  1, 3 ,  7  and 12  n a u t i c a l  miles  N ,  E, W and S  o f  

t h e  i s l a n d ) .  F u r t h e r m o r e ,  t h e  s l o p e  from t h e  i s l a n d  down t o  t h e  

o l d  b o t t o m  was sampled ,  I n  most  c a s e s  3 s a m p l e s  were  t a k e n  a t  e a c h  

s t a t i o n .  A t o t a l  o f  abou t  1 0 0  s a m p l e s  was o b t a i n e d .  

S i n c e  t h e  e f f e c t  o f  t h e  e r u p t i o n s  seemed t o  have b e e n  n e g l i b l e  

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

t h e  s a m p l e s  o b t a i n e d  i n  May 1967  were  t a k e n  on t h e  s l o p e .  A few 

s a m p l e s  were  t h o u g h  t a k e n  a t  a  d i s t a n c e  o f  1 and 2  n a u t i c a l  m i l e s  

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

I c e l a n d  M.E. o f  S u r t s e y  was sampled  i n  o r d e r  t o  g e t  m a t e r i a l  from 

an u n a f f e c t e d  a r e a .  A l t o g e t h e r  a b o u t  140  g r a b  h a u l s  were  made. 

The  Bottom 

From t h e  s h o r e  o f  S u r t s e y  t h e  bo t tom s l o p e s  r a t h e r  s t e e p l y  

down t o  a  d e p t h  o f  a b o u t  one  hundred  m e t e r s ,  

The  s a m p l e s  f rom August 1966 showed t h a t  t o  t h e  n o r t h  t h i s  

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



which  c o n t a i n e d  many c a l c a r e o u s  f r a g m e n t s  o f  s e r p u l i d  t u b e s .  To t h e  

e a s t ,  s o u t h  and west o f  t h e  i s l a n d  t h e  s l o p e  was r o c k y  down t o  a  

d e p t h  o f  90-100 m .  On many s t a t i o n s  on t h e  s l o p e  t h e  bo t tom was 

c o v e r e d  by a  l a y e r  o f  f i n e  v o l c a n i c  a s h .  O u t s i d e  a  d e p t h  o f  1 0 0  m 

t h e  bo t tom m a t e r i a l  was f i n e  s a n d  o r  mud. 

I n  May 1967  t h e  p i c t u r e  had a l t e r e d  c o m p l e t e l y .  The s a m p l e s  

showed t h a t  t h e  new e r u p t i o n  o n  S u r t s e y  which  s t a r t e d  i n  August 1966 

had c a u s e d  c o n s i d e r a b l e  c h a n g e s  on t h e  s l o p e .  A t  some s t a t i o n s  on 

t h e  s l o p e  e s p e c i a l l y  o f f  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  t h e  bo t tom 

was r o c k y  b u t  e l s e w h e r e  i t  had b e e n  c o v e r e d  by a  l a y e r  o f  v o l c a n i c  

g r a v e l  v e r y  much l i k e  t h a t  wh ich  was found o f f  t h e  n o r t h  c o a s t  i n  

t h e  p r e v i o u s  s u r v e y .  The new g r a v e l ,  i n  c o n t r a s t  t o  t h a t  o f  August 

1966 ,  c o n t a i n e d  no t u b e  f r a g m e n t s .  

The Animals  

The f o l l o w i n g  l i s t  shows t h e  bo t tom a n i m a l s  t h a t  have  been  

found  i n  t h e  s a m p l e s  from AuguSt 1966  which  have  b e e n  worked up s o  

f a r .  

Some s p e c i e s  o f  s o f t  b o t t o m  A c t i n i a n s  have  been  found i n  

t h e  s a m p l e s  from d e p t h s  l a r g e r  t h a n  1 0 0  m .  

NEMERT I N 1  : 

One s p e c i e s  h a s  been  found i n  t h e  s a m p l e s  from o u t s i d e  

1 0 0  m d e p t h .  

Harmothoe s p .  One i n d i v i d u a l  was found - i n  a  g r a b  sample  

t a k e n  a t  a  d e p t h  o f  34 m n o r t h  o f  S u r t s e y .  

P h o l o e  m i n u t a .  A few i n d i v i d u a l s  have b e e n  found o u t s i d e  

1 0 0  m d e p t h .  

S t h e n e l a i s  f i l a m e n t o s u s .  Two i n d i v i d u a l s  o f  t h i s  s p e c i e s ,  

wh ich  s o  f a r  i s  o n l y  known from I s l a n d i c  w a t e r s ,  were  found 

i n  a  s a m p l e  f rom 125  m d e p t h .  



A k a i t  i d e s  g r o e n l a n d i c a ,  A few i n d i v i d u a l s  o f  t h i s  s p e c i e s  

have  been  found  b o t h  i n s i d e  and o u t s i d e  1 0 0  m d e p t h .  

K e f e r s t e i n i a  c i r r a t a .  One i n d i v i d u a l  h a s  been  found i n  a  

g r a b  sample  f rom t h e  s l o p e  n o r t h  o f  S u r t s e y  (68 m d e p t h ) ,  

Goniada  rnacu la t a  h a s  b e e n  found  b o t h  i n s i d e  and o u t s i d e  

1 0 0  m d e p t h .  

Mephthys homberg i .  T h r e e  i n d i v i d u a l s  were  found i n  a g r a b  

s a m p l e  f rom 125  m d e p t h ,  e a s t  o f  S u r t s e y .  

S c o l o p l o s  a r m i g e r ,  T h i s  s p e c i e s  was common on t h e  b o t t o m  

o u t s i d e  L O O  rn d e p t h .  I n s i d e  100  m c jepth,  an i n d i v i d u a l  h a s  

b e e n  found a t  1 6  m d e p t h  n o r t h  o f  S u r t s e y .  

S p i o  f i l i c o r n i s .  Two i n d i v i d u a l s  were  found i n  a  s ample  from 

16 m d e p t h ,  n o r t h  o f  S u r t s e y .  One spec imen  h a s  b e e n  found  i n  

a s a m p l e  f rom 1 0 0  m d e p t h .  

S p i o p h a n e s  bombyx. T h r e e  i n d i v i d u a l s  have  been  found  i n  a  

g r a b  sample  f rom t h e  s l o p e  (68  m d e p t h ) .  

S p i o n i d a e  s p ,  A y e t  u n i d e n t i f i e d  s p i o n i d  was common on  t h e  

s l o p e  sou th -wes t  of  S u r t s e y ,  

D i p l o c i r r u s  g l a u c u s .  Some i n d i v i d u a l s  have  been  found  o u t -  

s i d e  L O O  m d e p t h ,  

Ammotrypane a u l o g a s t e r -  T h i s  s p e c i e s  was f r e q u e n t l y  found  - 
o u t s i d e  100  m d e p t h .  One i n d i v i d u a l  h a s  b e e n  found i n  a g r a b  

s a m p l e  from 9 0  m d e p t h  e a s t  o f  S u r t s e y .  

C a p i t e l l a  c a p i t a t a  h a s  b e e n  found  b o t h  i n s i d e  and o u t s i d e  

- 1 0 0  m d e p t h .  One i n d i v i d u a l  had t h e  g u t  f i l l e d  w i t h  f i n e  

v o l c a n i c  a s h -  

Qwenia  f u s i f o s m i s ,  O f  t h i s  s p e c i e s  which  seems t o  b e  v e r y  

common o u t s i d e  100  m d e p t h ,  one  i h d i v i d u a l  h a s  b e e n  found  

on t h e  s l o p e  (68 rn d e p t h ,  n o r t h  o f  S u r t s e y ) .  

P e c t i n a r i a  k o r e n i  was common i n s i d e  and o u t s i d e  1 0 0  m d e p t h .  

The l e n g t h  o f  t h e  i n d i v i d u a l s  v a r i e d  be tween  8 and 1 4  mm. 

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



D i t r u p a  a r i e t i n a .  T h i s  s p e c i e s  was common a t  d e p t h s  l a r g e r  

t h a n  1 0 0  m .  

CRUSTACEA: 

Eurynome a s p e r a .  T h i s  c r a b  h a s  b e e n  found  i n  a  sample  from 

t h e  n o r t h e r n  s l o p e  o f  S u r t s e y .  

Some C r u s t a c e a n s  have b e e n  found i n  t h e ] .  s a m p l e s  from d e p t h s  

l a r g e r  t h a n  1 0 0  m .  

BIVALVIA: 

Cardium e c h i n a t u m .  T h i s  s p e c i e s  h a s  b e e n  found a t  d e p t h s  

l a r g e r  t h a n  1 0 0  m .  

C y p r i n a  i s l a n d i c a ,  h a s  b e e n  found o u t s i d e  1 0 0  m d e p t h .  

S p i s u l a  e l l i p t i c a .  One i n d i v i d u a l  h a s  been .  found . i n  t h e  - 
s a m p l e s  f rom d e p t h s  l a r g e r  t h a n  100  m .  

Macoma c a l c a r e a .  T h i s  s p e c i e s  is-  r a t h e r . + . f r e q u e n t  o u t s i d e  

100  m d e p t h .  

Abra n i t i d a .  The s p e c i e s  was common i n  t h e  . s a m p l e s  f rom 

o u t s i d e  1 0 0  m d e p t h .  I t  was a l s o  r a t h e r ,  f r e q u e n t  i n s i d e  

100  m d e p t h .  

Abra p r i s m a t i c a  h a s  o n l y  b e e n  fpund i,n t h e  s a m p l e s  f rom 

d e p t h s  l a r g e r  t h a n  100  m ,  

ECHINODERM AT A : 

Amphiura f i l i f o r m i s .  Some i n d i v i d u a l s  have  been  found  i n  

t h e  s a m p l e s  f rom d e p t h s  l a r g e r  t h a n  1 0 0  m ,  

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

common i n  t h e  s a m p l e s  f rom t h e  s1op.e.   he s p e c i e s  was a l s o  

found o u t s i d e  1 0 0  m d e p t h .  

The g r a b  s a m p l e s  t a k e n  i n  August 1966 show t h a t  s e v e r a l  s p e c i e s  

o f  bo t tom i n v e r t e b r a t e s  had a l r e a d y  i n v a d e d  t h e  s l o p e .  

I n  t h e  s e d i m e n t  from t h e  s l o p e  o f f  t h e  wes t  c o a s t  o f  S u r t s e y  

a n i m a l  l i f e  was s p a r s e ;  t h e  o n l y  common s p e c i e s ,  b e i n g  $ a  sjmall 

s p i o n i d  p o l y c h a e t e .  The s e d i m e n t  i n  t h i s  a r e a  most  l i k e l y  d e r i v e s  



f rom t h e  J d l n i r  e r u p t i o n  wh ich  s t a r t e d  i n  December 1965  i ,  e  a  

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

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

where  t h e  s e d i m e n t  seems t o  have  b e e n  d e p o s i t e d  e a r l i e r  t h a n  t h a t  

of  t h e  west c o a s t ,  c o n t a i n e d  s e v e r a l  s p e c i e s  o f  bo t tom i n v e r t e b r a t e s .  

The most  common s p e c i e s  were t h e  P o l y c h a e t e s  P e c t i n a r i a  k o r e n i ,  

S c o l o p l o s  arrniger  and C a p i t e l l a  c a p i t a t a ,  t h e  B i v a l v e  Abra n i t i d a  

and t h e  Echinoderm Oph iu ra  a f  f  i n i s  

The l a t e s t  e r u p t i o n .  wh ich  s t a r t e d  i n  August 1966 had a  d i s -  

a s t r o u s  e f f e c t  on t h e  f a u n a  o f  t h e  s l o p e .  The s a m p l e s  f rom May 1967 

showed t h a t  t h e  new e r u p t i o n  had k i l l e d  a l l  a n i m a l  l i f e  on  t h e  s l o p e ,  

N e i t h e r  t h e  s a m p l e s  from t h e  newly d e p o s i t e d  g r a v e l ,  n o r  t h o s e  from 

t h e  r o c k y  bo t tom c o n t a i n e d  any a n i m a l s  E v i d e n t l y  t h e  f a u n a  had n o t  

b e e n  a b l e  t o  s u r v i v e  t h e  d e p o s i t i o n  o f  g r a v e l  on t h e  b o t t o m .  On t h e  

o l d  b o t t o m  o u t s i d e  t h e  s l o p e ,  l i f e  seemed t o  b e  no rma l .  

D i s c u s s i o n  

The  bo t tom a n i m a l s  t h a t  i n v a d e  t h e  s l o p e  c a n  e i t h e r  b e  m i g r a t -  

i n g  a d u l t s  o r  p e l a g i c  l a r - v a e ,  The f i r s t  t y p e  c a n n o t  b e  o f  g r e a t  .' 
i m p o r t a n c e .  The most  i m p o r t a n t  g r o u p  o f  i n v a d e r s  must b e  t h e  p e l a g i c  

l a r v a e .  

D i s p e r s a l  by p e l a g i c  l a r v a e  i s  v e r y  d e p e n d a n t  on c h a n g e  f a c t o r s .  

The l a r g e r  t h e  d i s t a n c e  is be tween  t h e  new s u b s t r a t e  and a p o t e n t i a l  

p a r e n t  p o p u l a t z o n ,  t h e  s m a l l e r  is  t h e  c h a n c e  t h a t  t h e  c u r r e n t s  w i l l  

c a r r y  a l a r v a l  svasrn t o  t h i s  new e n v i r o n m e n t .  I t  is  t h e r e f o r e  n o t  

sux.psisri.r_g t h a t  t h e  s p e c i e s  o f  t h e  u n a f f e c t e d  bo t tom a r e a s  c l o s e  t o  

S u r t s e y  were  t h e  f i r s t  t o  i n v a d e  t h e  s l o p e  o f  t h e  i s l a n d  

Many o f  t h e  s p e c i e s  found  on t h e  s l o p e  a r e  known t o  b e  v e r y  

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

b o t t o m  t e x t u r e  and d e p t h .  

I t  was t o  be e x p e c t e d  t h a t  t h e  f i r s t  i n v a d e r s  o f  t h e  s e d i m e n t  

on t h e  s l o p e  would b e  s p e c i e s  t h a t  f e e d  on  p a r t i c l e s  suspended  i n  

t h e  w a t e r ,  I t  was t h e r e f o r e  s u r p r i s i n g  t h a t  t h e  most  common 



~ o l y c h a e t e s  were  P e c t i n a r i a  k o r e n i ,  S c o l o p l o s  a r m i g e r  and C a p i t e l l a  

c a p i t a t a ,  T h e s e  s p e c i e s  a r e  known t o  f e e d  by i n g e s t i n g  t h e  bo t tom 

m a t e r i a l  i n  o r d e r  t o  u t i l i z e  t h e  o r g a n i c  c o n t e n t .  I n  f a c t  t h e  

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

bo t tom s u b s t r a t e  
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The C o a s t a l  I n v e r t e b r a t e  Fauna o f  

S u r t s e y  and Ves tmannaeyj  a r  

A d a l s t e i n n  S i g u r d s s o n  
The Marine R e s e a r c h  I n s t i t u t e  

Reykj  a v i k  

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

A s  s o o n  a s  an i s l a n d  a r o s e  above  t h e  s e a l e v e l  SW o f f  Vestmanna- 

e y j a r  i n  1963 ,  z o o l o g i s t s ' b e g a n  t o  t h i n k  o*f how and when t h e  c o a s t a l  

f a u n a  would be  t r a n s p o r t e d  t o  t h e  s h o r e  o f  t h e  i s l a n d .  A l ready  i n  

1 9 6 4  z o o l o g i s t s  began  t o  s u r v e y  t h e  l i t t o r a l  zone o f  S u r t s e y ,  b u t  no 

s e t t l i n g  o f  a n i m a l s  was o b s e r v e d  u n t i l  t h e  summer 1967 ,  

I n  t h e  b e g i n n i n g  o f  August 1 9 6 7  DP, S i g u r d u r  J6msson and M r ,  

S i g u r d u r  M a l l s s o n  found B a l a n u s  and Bydrozoa on  t h e  wes t  c o a s t  o f  

S u r t s e y ,  b u t  d i d  n o t  c o l l e c t  them. 

Some few d a y s  l a t e r  a  c o l l e c t i o n  o f  t h e  c o a s t a l  f a u n a  o f  S u r t s e y  

and Ves tmannaeyj  a r  was i n i t i a t e d .  
* 

The Kce land lc  c o a s t a l  f a u n a  i s  o n l y  s p a r s e l y  known and i t  is 

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

t h e  c o a s t l i n e s  i n  t h e  v i c i n i t y  o f  S u r t s e y ,  T h i s  will g i v e  a  v a l i d  

background  f o r  compar i son  be tween  t h e  f  a u n i s t i c  components  t h e r e  and 

t h e  new c o a s t a l  f a u n a  o f  S u r t s e y .  

The s a m p l i n g  

I n  August 1967  i n t e ~ s i v e  s a ~ p l i n g  o f  t h e  f a u n a  and f l o r a  o f  

Vestrnannaey J a r  was c a r r i e d  o u t  p a r t l y  from t h e  s p l a s h - - s p r a y  zone down 

t o  t h e  low w a t e r  m a s k  and p a r t l y  f rom 0-30 rn d e p t h  u s i n g  t h e  t e c h n i q u e  

o f  SCUBA-diving. On two o c c a s i o n s  s a m p l e s  were  c o l l e c t e d  by d r e d g i n g .  

Bad w e a t h e r  c o n d i t i o n s  p r e v e n t e d  l a n d i n g s  on  S u r t s e y  i n  Augus t ,  b u t  

t h e  e p i f a u n a  on  t h e  h a r d  bo t tom a t  t h e  wes t  c o a s t  of t h e  i s l a n d  was 

c o l l e c t e d  by t h e  d i v e r s ,  



A s  b o t h  an  a l g o l o g i s t  and a  z o o l o g i s t  were s a m p l i n g  a t  t h e  

same t i m e ,  t h e  d i v e r s  c o l l e c t e d  b o t h  a l g a e  and a n i m a l s .  The s a m p l e s  

were p u t  i n t o  p l a s t i c  b u c k e t s  c l o s e d  by l i d s .  A c r o s s  was c u t  i n  t h e  

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

wh ich ,  however ,  p r e v e n t e d  t h e  m a t e r i a l  f rom e s c a p i n g .  O the r  i m p o r t a n t  

s a m p l i n g  equ ipmen t  c o n s i s t e d  o f  k n i v e s ,  c h i s e l s  and hammers. 

A t  t h e  l a b o r a t o r y  i n  Ves tmannaey ja r  t h e  s a m p l e s  were  s o r t e d  o u t  

and t h e  a l g a e  and a n i m a l s  were  p r e s e r v e d  s e p a r a t e l y .  However, some o f  

t h e  a l g a e ,  w h i c h  c a n  s h e l t e r  s m a l l  a n i m a l s ,  we re  p r e s e r v e d  w i t h  t h e i r  

t i n y  i n h a b i t a n t s  s o  t h e  s o r t i n g  o u t  c o u l d  b e  pe r fo rmed  more s a f e l y  

l a t e r  unde r  t h e  m i c r o s c o p e ,  

The  s e a w a t e r  i n  which  t h e  s a m p l e s  were b r o u g h t  up was p a s s e d  

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

P r o t o z o a  and O s t r a c o d a  were  n e g l e c t e d ,  

The a n i m a l s  were p r e s e r v e d  i n  a l c o h o l  e x c e p t  t h e  s a m p l e s  from 

s i x  l o c a l i t i e s  i n  t h e  l i t t o r a l  zone  o f  Heimaey, wh ich  were  p r e s e r v e d  

i n  4% f o r m a l i n ,  

I n  t h e  i n t e r t i d a l  zone  q u a n t i t a t i v e  s a m p l e s  were  t a k e n  whereve r  

p o s s i b l e ,  

On" t h e  2 1 s t  o f  September  and 2 0 t h  o f  O c t o b e r  1967 samp.les were  

t a k e n  i n  t h e  l i t t o r a l  zone o f  S u r t s e y  

F i g ,  1 shows t h e  a p p r o x i m a t e  l o c a t i o n  o f  t h e  s e c t i o n s  wh ich  

were  worked l a s t  s u m m e r ,  a s  w e l l  a s  t h o s e  f rom where  t h e  s a m p l e s  have 

been  i d e n t i f i e d *  

On t h e  s a n d y  s h o r e  o f  t h e  n o r t h e r n  p a r t  o f  t h e  i s l a n d  t h e  o n l y  

a n i m a l s  found  were  t h o s e  washed a s h o r e  and wh ich  a r e  n o t  g o i n g  t o  

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

a r e  p l a n k t o n i c  o r  l i v i n g  on f l o a t i n g  o b j e c t s  i n  t h e  s e a  The o n l y  

e x c e p t i o n  was a  dead  m u s s e l ,  M y t i l u s  e d u l i s ,  which  was found i n  t h e  

s and  f a r  f rom t h e  c o a s t ,  

Under mos t  o f  t h e  c l i f f s  f o r m i n g  t h e  r e s t  o f  t h e  c o a s t l i n e ,  

s a n d  m i x e s  w i t h  s e a w a t e r  i n  t h e  s u r f  which  t h u s  s c o u r s  t h e  r o c k s  

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





On t h e  wes t  c o a s t ,  however ,  a  s t r e t c h  o f  t h e  l i t t o r a l  and sub-  

l i t t o r a l  z o n e s ,  a t  l e a s t  down t o  2 0  m d e p t h ,  is formed by l a r g e  

b l o c k s  o f  r o c k s .  T h e r e f o r e ,  t h e  s c o u r i n g  e f f e c t  o f  t h e  s and  o c c u r r i n g  

e l s e w h e r e  on  t h e  r o c k y  s h o r e  is  a b s e n t .  

The l i t t o r a l  zone was c a r e f u l l y  s u r v e y e d  f o r  m a r i n e  a n i m a l s  on  

t h e  above men t ioned  d a t e s  and 13-15 s p e c i e s  were  found ( s e e  b e l o w ) .  

I n  September  g r a v e l  and s h i n g l e s  c o v e r e d  a  v e r y  s h o r t  s t r e t c h  

o f  t h e  e a s t  c o a s t ,  b u t  t h e  o n l y  a n i m a l s  found t h e r e  had b e e n  washed 

a s h o r e .  I n  Oc tobe r  s m a l l  r o c k s  and s h i n g l e s  had accumula t ed  t o  a  

g r e a t e r  e x t e n d  and 4-6 s p e c i e s  o f  m a r i n e  bo t tom a n i m a l s  were  c o l l e c t e d .  

Sampl ing  was made d i f f i c u l t  by t h e  s u r f  and some o f  t h e  e x i s t i n g  

s p e c i e s  may have e s c a p e d  a t t e n t  i o n .  

The m a t e r i a l  f rom 1967  i s  now b e i n g  worked up and a l t h o u g h  on ly  

a  s m a l l  p a r t  o f  t h e  work i s  f i n i s h e d  22 new s p e c i e s  have  b e e n  found 

f o r  Ves tmannaey ja r  o f  which  8 s p e c i e s  a r e  new f o r  I c e l a n d .  

Samples  f rom t h e  L i t t o r a l  Zone o f  S u r t s e y  

- 
T a b l e  1 shows t h e  a n i m a l s  found  i n  t h e  l i t t o r a l  zone o f  S u r t s e y  

o n  September  21.s t  and Oc tobe r  2 0 t h  1967  ( s e e  a b o v e ) ,  The number o f  

s p e c i m e n s  t a k e n  a r e  l i s t e d  whereve r  p o s s i b l e .  



TABLE I 

A n i m a l s  f rom t h e  i n t e r t i d a l  z o n e  o f  S u r t s e y  o n  

S e p t e m b e r  2 1 s t  and O c t o b e r  2 0 t h  1 9 6 7 .  

1 )  P e l a g i c  l a r v a e  

2 )  No p e l a g i c  l a r v a l  s t a g e  

West C o a s t  

H y d r o z o a  ( n o t  i d e n t i f i e d )  

Nematoda ( n o t  i d e n t i f i e d )  

P o l y c h a e t a  ( n o t  i d e n t i f i e d )  

B r y o z o a :  

1) M e m b r a n i p o r a  membranacea  (L .  ) 

2 )  C e l l o p o r e l l a  h y a l i n a  (L. ) 

Copepoda  (Rock p o o l s )  ( n o t  i d e n t i f i e d )  

C i r r i p e d i a :  

1 )  V e r r u c a  s t r o e m i a  ( 0 .  F r . ~ i i l l e r )  
Schumac h e r  

1) B a l a n u s  b i l a n o i d e s  (L.  ) 

Mudibr  a n c h i a :  

A c a n t h o d o r i s  p i l o s a  ( A b i l d g a a r d )  

L a m e l l i b r a n c h i a :  

1 )  M y t i l u s  e d u l i s  L.  

1 )  Anomia s q u a m u l a  (L.) 

1 )  S a x i c a v a  a r c t i c a  ( L . )  

2  

4 

3 

3 

3 0  

1 5  

1 8  

2 

1 7  

6 8  

5 1  

* 

11 

46 



Most o f  t h e  a n i m a l s  l i s t e d  i n  T a b l e  I were  on s t o n e s  o r  r o c k s  

wh ich  migh t  have  been  th rown  up from t h e  s u b l i t t o r a l  zone by t h e  s u r f .  

Samples  f rom 10-20 m Dep th  West o f  S u r t s e y  

On t h e  1 6 t h  o f  Augus t  1 9 6 7  s a m p l i n g  was c a r r i e d  o u t  a t  t h e  west 

c o a s t  o f  S u r t s e y  on  r o c k y  b o t t o m  down t o  2 0  m d e p t h .  Animals  we re  o n l y  

found  i n  t h e  s a m p l e s  f rom 10-20 m ( s e e  T a b l e  11). I n  a d d i t i o n  t h e  

SCUBA-divers o b s e r v e d  many s m a l l  c r a b s  a t  a  d e p t h  o f  2 0  m t o g e t h e r  

w i t h  3 o r  4  s p e c i e s  o f  f i s h ,  b u t  we re  u n a b l e  t o  c a t c h  any o f  them.  

TABLE I1 

Animals  f rom t h e  West C o a s t  o f  S u r t s e v  o n  August 1 6 t h  

1967  a t  1 0  - 2 0  m Depth  

Hydrozoa  2  o r  3 s p e c i e s  ( n o t  i d e n t i f i e d  ) 

P o l y c h a e t a  3 o r  4 s p e c i e s  ( n o t  i d e n t i f i e d  ) 

Bryozoa  1 s p e c i e s  ( n o t  i d e n t i f i e d  ) 

Copepoda ( n o t  i d e n t i f i e d  ) 

Amphipoda 3 s p e c i e s  ( n o t  i d e n t i f i e d  ) 

Decapoda:  

S p i r o n t o c a r i s  p u s i o l a  (Kr6yer-1 

Hyas c o a r c t a t u s  L e a c h ,  j u v ,  

P o r t u n u s  h o l s a t u s  I . C .  F a b r i c i u s ,  j u v .  

M u d i b r a n c h i a  2-4 s p e c i e s  

L a m e l l i b r  a n c h i a :  

M y t i l u s  e d u l i s  L o ,  j u v ,  

Anomia squamul  a  ( L .  ) , j uv .  

S a x i c a v a  a r c t i c a  (Lo ) ,  j u v .  



S a m p l e s  f r o m  G e i r f u ~ l a s k e r  and Heimaev 

I n  t h i s  s e c t i o n  t h e  number o f  s p e c i e s  i n  e a c h  s y s t e m a t i c  g r o u p  

w i l l  b e  g i v e n  and a l s o  t h e  names o f  a l l  s p e c i e s  new f o r  t h e  w a t e r s  

a r o u n d  V e s t m a n n a e y j  a r  . 
A s  t h e  l a r v a l  d e v e l o p m e n t  p l a y s  a n  i m p o r t a n t  r o l e  i n  t h e  p o s s i b l e  

t r a n s p o r t  o f  l i t t o r a l  i n v e r t e b r a t e s  f rom V e s t m a n n a e y j  a r  t o  S u r t s e y  , 
t h i s  a s p e c t  w i l l  a s  f a r  a s  p o s s i b l e  b e  t a k e n  i n t o  c o n s i d e r a t i o n .  I n  

t h i s  c o n n e c t i o n  i t  s h o u l d  b e  m e n t i o n e d  t h a t  t h e  d i s t a n c e  f rom G e i r -  

f u g l a s k e r  t o  S u r t s e y  is  a p p r o x i m a t e l y  2 . 5  n a u t i c a l  m i l e s ,  w h i l e  t h e  

d i s t a n c e  b e t w e e n  Heimaey and S u r t s e y  is a p p r o x i m a t e l y  1 0  n a u t i c a l  

mi les .  T h e  p r e v a i l i n g  s u r f a c e  c u r r e n t  i n  t h i s  r e g i o n  i s  w e s t w a r d l y  

and p e l a g i c  l a r v a e  may t h e r e f o r e  e a s i l y  b e  t r a n s p o r t e d  f rom Vest- 

m a n n a e y j a r  t o  S u r t s e y .  

PORIFERA: 

The few s p e c i e s  f o u n d  h a v e  n o t  y e t  b e e n  i d e n t i f i e d .  

COELENTERATA: 

A* H y d r o z o a :  

Some s p e c i e s  were c o l l e c t e d ,  b u t  t h e y  h a v e  n o t  b e e n  i d e n t i f i e d  

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

a .  O c t o c o r a l l i a :  

One common s p e c i e s  was  f o u n d .  

b .  H e x a c o r a l l i a :  

One o r  two  s p e c i e s  were f o u n d ,  b u t  i t  h a s  n o t  b e e n  

p o s s i b l e  t o  h a v e  them i d e n t i f i e d .  

VERMES: 

A, N e m e r t i n a :  

One s p e c i m e n  w a s  f o u n d ,  b u t  i t  h a s  n o t  b e e n  i d e n t i f i e d .  

B .  Nematoda:  

They a r e  v e r y  common, b u t  i t  h a s  n o t  b e e n  p o s s i b l e  t o  h a v e  

them i d e n t i f i e d .  



C, A n n e l i d a :  

P o l y c h a e t a :  

Only  o n e  s p e c i e s  h a s  b e e n  i d e n t i f i e d  s o  f a r .  

S p i n t e r  m i n i a c e u s  G r u b e .  

One s p e c i m e n  w a s  f o u n d  a t  E i d i d  a t  20-27 m d e p t h ,  I t  had 

o n l y  b e e n  f o u n d  o n c e  i n  I c e l a n d i c  w a t e r s  5 n a u t i c a l  m i l e s  

e a s t  o f  S e y d i s f j o r d u r  and is t h u s  new f o r  t h e  s o u t h  c o a s t .  

TENT AC-UL AT W: 

A.  R r y o z o a :  

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

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

l a s t i n g  p e l a g i c  s t a g e s  a r e  known. The  m a t e r i a l  i s  now b e i n g  

worked  u p  and s o  f a r  3 4  s p e c i e s  h a v e  b e e n  i d e n t i f i e d  o f  w h i c h  

2  s p e c i e s  h a v e  n o t  b e e n  f o u n d  e a r l i e r  a t  I c e l a n d .  T h e s e  r e c o r d s  

w i l l  b e  i n c l u d e d  i n  t h e  B r y o z o a  o f  T h e  Zoology o f  I c e l a n d ,  

w h i c h  w i l l  s o o n  b e  p u b l i s h e d .  

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

z o n e  i n  G e i r f u g l a s k e r ,  I t  h a s  n o t  b e e n  i d e n t i f i e d .  

ARTHROPODA: 

A .  C r u s t a c e a :  

a .  C o ~ e p o d a  

They  h a v e  n o t  b e e n  i d e n t i f i e d *  

b .  C i r r i p e d i a :  

3 s p e c i e s ,  a 1 1  w i t h  p e l a g i c  l a r v a e ,  h a v e  b e e n  f o u n d .  One 

o f  t h e m ,  B a l a n u s  b a l a n u s  ( L . )  d a  C o s t a ,  $ s  new f o r  V e s t -  

m a n n a e y j a r .  T h i s  s p e c i e s  was  t a k e n  i n  t h e  s a m p l e s  f r o m  

G e i r f u g l a s k e r  a t  0-24 R ( 9  s p e c ,  ) and i n  t h e  i n t e r t i d a l  

z o n e  (some s h e l l s )  and a l s o  two s h e l l s  f rom 32 m d e p t h  

a t  E i d i d .  

The  o t h e r  two  s p e c i e s  h a v e  b e e n  f o u n d  i n  S u r t s e y  ( s e e  a b o v e ) .  

c .  I s o p o d a :  

The  n o n - p a r a s i t i c  I s o p o d a  h a v e  b r o o d - p r o t e c t i o n  and no  
P 

p e l a g i c  l a r v a l  s t a g e .  8 s p e c i e s  o f  them w e r e  i n  t h e  s a m p l e s  



f rom G e i r f u g l a s k e r  and Heimaey, and 3 o f  t h e s e  a r e  new f o r  

t h e  r e g i o n  a round Yestmannaeyj  a r  . 
I a n i r o p s i s  b r e v i r e m i s  S a r s ,  i s  new f o r  I c e l a n d .  I t  was found  

a t  G e i r f u g l a s k e r  a t  0-24 m ( 1 5  s p e c . )  and E i d i d  a t  1 0  m 

( 2  s p e c ,  1 and 0-5 m d e p t h  (8 s p e c . ) .  

I a n i r  a macu losa  Leach ,  i s  new f o r  Ves tmannaeyj  a r  . p r e v i o u s l y  

i t  h a s  o n l y  b e e n  found  6  t i m e s  a t  I c e l a n d  a t  40-326 m d e p t h .  

T h i s  t i m e  i t  was found  a t  G e i r f u g l a s k e r  a t  0-24 m ( 1 0  s p e c . ) ,  

a t  E i d i d  a t  1 5  m ( 3  s p e c . )  and 32 m ( 1  s p e c . ) .  

I d o t h e a  p e l a g i c a  Leach .  E a r l i e r  I c e l a n d i c  r e c o r d s  a r e  o n l y  

f rom G r i n d a v i k  (S.W;) and S r m f e l l s j o k u l l  (W. ) .  I t  is now 

common i n  t h e  i n t e r t i d a l  zone o f  G e i r f u g l a s k e r  and Beimaey,  

Of p a r a s i t i c  I sopoda  one  male  was f o u n d ,  b u t  h a s  n o t  b e e n  

i d e n t i f i e d .  

Amphipoda: 

The Amphipoda have  b r o o d - p r o t e c t i o n  and d i r e c t  d e v e l o p m e n t .  

18 s p e c i e s  have  been  found o f  wh ich  3 seem t o  b e  new f o r  

I c e l a n d  and one  o f  them might  b e  a  new s p e c i e s ,  

Amphilocus manudens B a t e s  i s ,  however ,  new f o r  J c e l a n d .  I t  

was found  a t  E i d i d  a t  20-27 m ,  b u t  o n l y  one  spec imen .  

A d d i t i o n a l  4 s p e c i e s  a r e  new f o r  t h e  soukh  c o a s t  o f  I c e l a n d  

and t h e r e f o r e  a l s o  f o r  Vestmannaeyj  a r .  They a r e :  

Ue topa  a l d e r i  B a t e s ,  2  spec imens  from G e i r f u g l a s k e r  a t  

0-24 m, 

S y m p l e u s t e s  g l a b e r  (Boeck.  ) .  2 0  s p e c ,  f rom G e i r f u g l a s k e r  a t  

0-24 m and 2  s p e c ,  from E i d i d  a t  6-10 m , .  

P a r a p l e u s t e s  monocuspis  (Go 0 ,  S a r s ) .  1 7  s p e c .  from G e i r -  

f u g l a s k e r  a t  0-24 m and 1 s p e c .  f rom E i d i d  a t  32 m .  

E u r y s t e u s  melarlops (G.O. S a r s ) .  Found a t  E i d i d .  Two s p e c .  -- 
a t  32 m ,  6  s p e c .  a t  1 5  m and 1 s p e c .  a t  6-10 m .  



e .  Decapoda:  

9 s p e c i e s  were  f o u n d ,  a l l  w i t h  p e l a g i c  l a r v a e .  They a r e  a l l  

r e c o r d e d  e a r l i e r  f rom o r  c l o s e  t o  Vestmannaey j a r  . 
B.  I n s e c t a :  

Some i n s e c t s , m o s t l y  l a s v a e , w e r e  i n  t h e  i n t e r t i d a l  zone a t  

E i d i d .  They have  n o t  b e e n  i d e n t i f i e d .  

C .  Arachnids: 

A c a r i n a :  

3 o r  4 s p e c i e s  have  b e e n  found a t  V e s t m a n n a e y j a r ,  b u t  t h e y  

h a v e  n o t  b e e n  i d e n t i f i e d  a s  y e t .  

D. Pycnogon ida :  

3 s p e c i e s  were  found  and o n l y  o n e  o f  them was p r e v i o u s l y  

r e c o r d e d  from Ves tmannaeyj  a r .  

Ammothea l a e v i s  (Hodgel  was f o r  t h e  f i r s t  t i m e  found a t  

V e s t m a n n a e y j a r ,  I t  was found a t  G e i r f u g l a s k e r  a t  0-24 m 

( 1 5  s p e c .  ) .  E a r l i e r  r e c o r d s  f rom I c e l a n d  a r e  .few and a l l  

f rom M.E. t o  S . E .  

C o r d y l o c h e l e  s p ,  i s  new f o r  t h e  Ves tmannaey ja r  and p e r h a p s  

a l s o  f o r  I c e l a n d .  

MOLLUSCA: 

A ,  P o l y p l a c o p h o r a :  

Pew s p e c .  were  f o u n d ,  b u t  t h e y  have  n o t  b e e n  i d e n t i f i e d .  

B .  G a s t r o p o d a :  

a .  P r o s o b r a n c h i a :  

1 7  s p e c i e s  a r e  i n  t h e  s a m p l e s  which  have  b e e n  worked up 

f rom which  4 o r  5 have  p e l a g i c  l a r v a e ,  9 have  n o n - p e l a g i c  

l a r v a e  o r  d i r e c t  d e v e l o p m e n t ,  b u t  t h e  deve lopmen t  o f  t h e  

r e s t  i s  unknown. A l l  1 7  s p e c i e s  have b e e n  found e a r l i e r  

a t  o r  n e a r  Vestmannaey j a r  , 

b .  O p i s t h o b r a n c h i a :  

N u d i b r a n c h i a :  

Two s p e c i e s  have  b e e n  i d e n t i f i e d  s o  f a r ,  b u t  2 o r  3 a r e  

w a i t i n g  f o r  i d e n t i f i c a t i o n  and one  o f  t h e s e  seems t o  be  

new f o r  I c e l a n d .  



T e r g i p e s  t e r g i p e s  ( s y n . :  T. d e s p e c t u s  ( J o h n s t o n ) ) .  One 

spec imen  from E i d i d  a t  20-27 m .  E a r l i e r  I c e l a n d i c  r e c o r d s  

a r e  f rom R e y k j a v i k  and Grimsey and i t  i s  t h e r e f o r e  new 

f o r  t h e  s o u t h  c o a s t .  

L i m a p o n t i a  c a p i t a t a  ( M G l l e r ) .  7 s p e c .  were  found  a t  E i d i d  

i n  t h e  l i t t o r a l  zone .  I t  h a s  o n l y  o n c e  b e e n  r e c o r d e d  f rom 

I c e l a n d i c  w a t e r s  and t h e n  from R e y k j a v i k .  I t  1s t h u s  new 

f o r  Vestmannaey j a r  . 
C .  L a m e l l i b r a n c h i a :  

11 s p e c i e s  were  found a t  V e s t m a n n a e y j a r ,  9 o f  which  have  p e l a g i c  

l a r v a e ,  o n e  h a s  n o n - p e l a g i c  l a r v a l  deve lopment  and t h e  d e v e l o p -  

ment o f  one  i s  n o t  known. A l l  t h e  s p e c i e s  have  b e e n  r e c o r d e d  

e a r l i e r  f rom t h e  r e g i o n  a round Ves tmannaey ja r .  3 o f  t h e  s p e c i e s  

w i t h  p e l a g i c  l a r v a e  have  a l r e a d y  b e e n  found i n  t h e  i n t e r t i d a l  

zone o f  S u r t s e y  ( s e e  a b o v e ) ,  

ECHINODERMA: 

A. A s t e r o i d e a :  

2  s p e c i e s  were  found  a t  V e s t m a n n a e y j a r ,  one  w i t h  p e l a g i c  l a r v a e ,  

b u t  t h e  o t h e r  b r o o d - p r o t e c t i n g  w i t h  d i r e c t  d e v e l o p m e n t ,  Both  

a r e  r e c o r d e d  e a r l i e r  f rom Vestmannaeyj  a r .  % 

B ,  O p h i u r o i d e a :  

2 s p e c i e s  were  found a t  Ves tmannaey ja r  b o t h  w i t h  p e l a g i c  l a r v a e  

and a r e  e a r l i e r -  known from t h e  a r e a .  

C .  E c h i n o i d e a :  

One common s p e c i e s  w i t h  p e l a g i c  l a r v a e  was found .  

D.  H o l o t h u r i o i d e a :  

One s p e c i e s  was found a t  Ves tmannaey ja r .  I t  h a s  e a r l i e r  b e e n  

found t h e r e .  The l a r v a l  deve lopment  i s  unknown. 

TUNICATA: 

A .  A s c i d i a c e a :  

The l a r v a l  s t a g e  i s  v e r y  s h o r t  o r  somet imes  m i s s i n g .  U s u a l l y  

i t  l a s t s  o n l y  few h o u r s  and n o t  more t h a n  2 4  h o u r s .  



4  s p e c i e s  were  f o u n d .  One o f  them h a s  been  r e c o r d e d  e a r l i e r  

from t h e  a r e a ,  b u t  one  is new f o r  I c e l a n d .  

Molgula  l a n c e p l a n e i  is  a  new s p e c i e s  f o r  I c e l a n d ,  One s p e c -  

was found  a t  G e i r f u g l a s k e r  a t  0-24 rn? 

B o l t e n i a  e c h i n a t a  ( L * )  is a  new s p e c i e s  f o r  t h e  s o u t h  c o a s t  

o f  I c e l a n d ,  I t  was found a t  G e i r f u g l a s k e r  a t  0-24 m ( 8  s p e c .  ) 

and E i d i d  a t  32 m d e p t h  ( 6  s p e c , ) ,  

P o l y c a r p a  pornaria ( S a v i g n y ) ,  E a r l i e r  I c e l a n d i c  r e c o r d s  a r e  - 
o n l y  from F a x a f l 6 i  and t h e  s p e c i e s  is  t h e r e f o r e  new f o r  

Ves tmannaeyj  a r .  
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ABSTRACT 

Measurement o f  H o r i z o n t a l  Ground S u r f a c e  

Defo rma t ion  i n  I c e l a n d  

by 

R .  W. Decker  
Dar tmouth  C o l l e g e ,  Hanover , 

New Hampshire  

P a p e r  p u b l i s h e d  i n :  T r a n s a c t i o n s  o f  t h e  American G e o p h y s i c a l  Union,  

v o l ,  4 9 ,  no .  1, p .  1 1 4 ,  March,  1968 .  

F i f t y - f i v e  s u r v e y  l i n e s  a v e r a g i n g  2 . 7  km i n  l e n g t h  were  

e s t a b l i s h e d  and measured w i t h  a  Geodimeter  i n  s o u t h e r n  I c e l a n d  d u r i n g  

t h e  summer o f  1967 .  The l i n e s  a r e  j o i n e d  t o  form two segmented  p r o -  

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

h o r i z o n t a l  movements p e r p e n d i c u l a r  t o  t h e  r i f t  a x e s .  Some s t a t i o n s  

were  a l s o  e s t a b l i s h e d  t o  measu re  p o s s i b l e  s t r i k e  s l i p  movement a l o n g  

t h e  open  f r a c t u r e s  ( g j  6 ) .  Exper imen t  a 1  a c c u r a c i e s  from r e p e a t e d  

o b s e r v a t i o n s  and c a l i b r a t i o n  c h e c k s  a r e  w i t h i n  t h e  s t a t e d  i n s t r u -  
+ m e n t a l  s t a n d a r d  d e v i a t i o n  o f  - ( 1 0  mm f- 2 X 1 . 0 ~ ~  X d i s t a n c e ) .  I f  

e x t e n s i o n a l  movements'of 2 0  mm p e r  y e a r  t a k e  p l a c e  e n t i r e l y  w i t h i n  

a  2 t o  3 km l i n e  s egmen t ,  t h e y  s h o u l d  b e  d e t e c t a b l e  a t  b e t t e r  t h a n  

a  99% c o n f i d e n c e  l e v e l  i n  two y e a r s .  More homogeneous s t r a i n s  a c r o s s  

t h e  e n t i r e  50 t o  100  km wide  r i f t  z o n e s  w i l l  r e q u i r e  a  much l o n g e r  

w a i t  f o r  t h e i r  d e t e c t i o n .  Bn e i t h e r  c a s e  t h e  l a r g e  number o f  l i n e  

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

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



The Geology and P e t r o g r a p h y  o f  t h e  Vestmann I s l a n d s  

A P r e l i m i n a r y  R e p o r t  

S v e i n n  J a k o b s s o n  
M i n e r a l o g i c a l - G e 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  o f  Copenhagen 

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

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

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

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

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

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

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

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

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

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

Summary 

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

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

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

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

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

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

c r a t e r s .  

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

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

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

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

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

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

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

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

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



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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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



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

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

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

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

o b s e r v e d .  

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

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

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

g l a c i e r .  

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

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

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

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

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

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

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

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

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

T e c t o n i c s  - 

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

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

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

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

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

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

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

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

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

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

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

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

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



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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

P e t r o g r a p h y  

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

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

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

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

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

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



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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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



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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

g l a s s .  

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

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

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

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

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

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

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

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

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



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

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

C h e m i s t r y  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

& 

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

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

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

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

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



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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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



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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Methods 

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

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

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

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

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

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

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

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

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

r u l e s  o f  K e l s e y  (1965).  
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TABLE 1 

Chemical  a n a l y s e s  

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

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

S i 0 2  

T i 0 2  

A1203 

Fe203 
FeO 

MnO 

MgO 

Cao 

Na20 

Yz O  

'2O5 

%O+ 
Xzo- 

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

CIPW norm. 

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



Vestmannaeyj a r  

TABLE 2 
Trace  e lements  ppm 

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

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

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

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

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

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

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

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

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

Su r t s ey  
SU (VE I)  

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

B a  6  5  40 30 40 + 
N 
in 

"- 

Anal. : H. Bol l  ingberg  



TABLE 3 

Average chemical va lues  of l a v a s  

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

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

S  i02 46.8 

Ti02 2 . 1  

A%! O3 1 5 . 9  

Fe203 2 . 8  

FeO 8 . 9  

MnO 0 .20  

@go 9 . 1  

CaO 10 .6  

Na20 2 . 9  

K2° 0 .50  

'2'5 0 . 2 9  

Number of  
ana lyse s  (49 

- 
Trace e lements  
ppm. 

C r  360 

V 300 

N i  235 

Co 55 

Z r  165 

C u 8  5 

Sr 175 

Ba 50 

Number of 
ana lyse s  (6 )  
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TABLE 5  

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

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

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

FeO 

MgO 

CaO 

Na20 

K20 
H~ 0' 

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

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

6 3 , 6  6 5 . 0  

3 5 . 9  3 3 . 8  

0 . 5  1 . 2  

2 . 7 1 1  2 . 7 1 5  

I . S o r .  H. Schw. 

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

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

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

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

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

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

3 



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

d i v i s i o n  l i n e .  
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F i g .  8 P l o t  o f  l o g  Mg a g a i n s t  l o g  N i  and Co r e s p e c t i v e l y .  C i r c l e s :  

VE-lavas;  o p e n  s q u a r e s :  J 6 l n i r  o l i v i n e ;  s o l i d  s q u a r e s :  t h o l e i i t i c  

o l i v i n e s .  



Fig.  9 T o t a l  i r o n  - s i l i c a  diagram from Kuno (1965 p. 312 ) ,  i n t o  

which is p l o t t e d  t r e n d  of  YE I1 - s e g r e g a t i o n  v e i n  (VE 111). 
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S h o r e  and O f f s h o r e  Morphology o f  S u r t s e y ,  --- --- 
R e p o r t  on P r e l i m i n a r y  S t u d i e s  i n  1967  

1--- 

by 
John  0 ,  Norrman 

Depar tment  o f  P h y s i c a l  Geography 
Uppsa l a  U n i v e r s i t y ,  Sweden 

T h i s  r e p o r t  is b a s e d  on f i e l d  s t u d i e s  i n  September  1 9 6 7  and 

i n f o r m a t i o n  from p r e v i o u s  i n v e s t i g a t i o n s  k i n d l y  o f f e r e d  by Dr, S.  

T h o r a r i n s s o n .  The p u r p o s e  o f  t h e  1967  s t u d i e s  was t o  g a t h e r  enough 

i n f o r m a t i o n  f o r  p l a n n i n g  a  d e t a i l e d  q u a n t i t a t i v e  s t u d y  i n  1968, 

A e r i a l  p h o t o g r a p h s  on  an  a p p r o x i m a t e  s c a l e  o f  1 : 1 0 . 0 0 0  f rom August 

1967  were  a v a i l a b l e  and used  when mapping g e n e r a l  c h a r a c t e r i s t i c s  

o f  t h e  s h o r e s .  28 monuments d i s t r i b u t e d  on t h e  l a v a  p l a f ; e a u  on  t o p  

o f  t h e  c l i f f s  were  f i x e d  and t h e  d i s t a n c e  t o  t h e  c l i f f  e d g e  was 

m e a s u r e d ,  T h e s e  monuments w i l l  b e  used  f o r  r e p e a t e d  s u r v e y s ,  The 

n o r t h e r n  n e s s  formed by b e a c h  d e p o s i t i o n  was s u r v e y e d  i n  a  s q u a r e  

g r i d  s y s t e m  o f  s e c t i o n s  marked by s t e e l  r o d s  Samples  were c o l l e c t e d  

from t h e  swash  zone .  

Gener a 1  d e s c r i p t i o n  
- - 
The main  p a r t s  o f  t h e  c o a s t s  f a c i n g  E ,  SSW and WNW i s  p r e s e n t -  

l y  c h a r a c t e r i z e d  by a  v e r t i c a l  c l i f f  a b r z d e d  i n  l a v a  b e d s .  The 

h e i g h t  o f  t h e  c l i f f  w a l l  v a r i e s  f rom a b o u t  5 t o  1 2  m .  T h e r e  i s  o n l y  

a  nar row s e c t i o n  on t h e  W N W  c o a s t  w i t h  d i r e c t  wave a t t a c k  on  t e p h r a  

m a t e r i a l  I n  t h i s  s e c t i o n  t h e  c l i f f  c u t  i n  t h e  cone  o f  S u r t u r  II 

( t h e  Younger S u r t u r  C r a t e r )  e x t e n d s  t o  t h e  r i m  o f  t h e  c r a t e r  a t  

abou t  1 6 0  m a .  s .  1. 

The t e p h r a  s l o p a s  o f  S u r t u r  I and S u r t u r  I1 f a c i n g  N and NE 

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

a l o n g  t h e  s h o r e ,  w i t h  s i z e s  r a n g i n g  from b o u l d e r s  t o  s a n d s .  Two 

l a g o o n s  a r e  found on t h e  n e s s .  The i n n e r  one  i s  p a r t l y  s h e l t e r e d  

by t e p h r a  r i d g e s .  The o u t e r  o n e  is e n t i r e l y  e n c i r c l e d  by b e a c h  

m a t e r i a l .  

Along t h e  SSW and WNW c o a s t s  t h e  a b r a s i o n  p l a t f o r m  be low 

t h e  c l i f f s  is s t r e w n  w i t h  huge b l o c k s  and b o u l d e r s ,  i n  some p l a c e s  



p i l e d  up a t  t h e  c l i f f  w a l l ,  C l o s e l y  W o f  t h e  s o u t h e r n  end o f  t h e  

i s l a n d  t h e r e  is a  p o c k e t  beach  w i t h  s h i n g l e ,  

From j u s t  S o f  t h e  S u r t u r  I 1  c o p e  9 h i g h  bench  o f  b l o c k s  and 

b o u l d e r s  h a s  b e e n  b u i l t  up The c r e s t  o f  t h e  bench  s l o p e s  t o w a r d s  

t h e  n e s s ,  whe re  mos t  o f  t h e  c o a r s e  m a t e r i a l  is h i d d e n  by b e a c h  s a n d .  

I n  t h e  same d i r e c t i o n  t h e r e  is a  r a p i d  i n c r e a s e  i n  r o u n d n e s s  o f  t h e  

b o u l d e r  m a t e r i a l ,  

Off  t h e  c l i f f s  o f  t h e  s o u t h e r n  p a r t  o f  t h e  E c o a s t  t h e  s h o r e  

l i n e  b u l g e s  o u t  b e c a u s e  o f  a  b e a c h  a c c u m u l a t i o n  up t o  a b o u t  6 0  m i n  

w i d t h  T h e r e  is a  s e r i e s  o f  d i s t i n c t  c o b b l e  r i d g e s  r u n n i n g  c l o s e l y  

p a r a l l e l  t o  t h e  s b o r e  l i n e  The uppe r  p a r t  o f  t h e  b e a c h  is made up 

o f  blown s a n d  w h i c h  a l s o  c o v e r s  a  low c l i . f f  Between t h i s  b e a c h  and 

t h e  n o r t h e r n  n e s s  a  fan- formed l a v a  f l o w  from S u r t u r  I p r o j e c t s  i n t o  

t h e  s e a  w i t h  a  v e r t i c a l  c l i f f ,  wh ich  a t  i t s  b a s e  h a s  a c o v e r  o f  

b l o c k  t a l u s ,  

C l i f f  deve lopmen t  i n  t h e  l a v a  -- 
The c l i f f  w a l l s  d e m o n s t r a t e  s e q u e n c e s  o f  l a v a  f low par t ly  

i n t e r c a l a t e d  by l a y e r s  o f  s c o r a c i e o u . ~  m a t e r i a l ,  The l a v a  b e d s  

g e n e r a l l y  v a r y  i n  t h i c k n e s s  from a b o u t  0 . 5  t o  1 . 5 _ m ,  o c c a s i o n a l l y  

t h e y  a r e  s e v e r a l  m e t r e s  t h i c k .  T h e r e  i s  n pronounced  w e a k n e s s  i n  

t h e  more o r  l e s s  h o r i z o n t a l  b o u n d a r i e s  be tween  t h e  b e d s ,  and a  

s t r u c t u r a l  w e a k n e s s  a l o n g  p l a n e s  a t  r i g h t  a n g l e  t o  t h e  bed s u r f a c e .  

T h u s ,  when o n l y  a  s h a l l o w  n o t c h  is formed by a b r a s i o n ,  t h e  mass  

above  i t  w i l l  f a l l  down l e a v i n g  a  v e r t i c ? l  w a l l ,  The open  ex-  

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

i n  w a t e r s  o f  more t h a n  1 3 0  m depTh makes p o s s i b l e  movement o f  any 

b l a c k  s i z e s  p r e s e n t :  t h a t  memR volumes  o f  s e v e r a l  c u b i c  m e t r e s .  

The c o a r s e   ater rial fo rming  t h e  bench  on t h e  n o r t h e r n  p a r t  

o f  t h e  WNW c o a s t  e m a n a t e s  from t h e  a r e a  SW o f  S u r t u r  11 where  t h e  

c l i f f  is  h i g h  and t h e  b e d s  a r e  c o m p a r a t i v e l y  t h i n ,  wh ich  h a s  

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

I n  s e v e r a l  p l a c e s  a l o n g  t h e  WNW and SSW c o a s t s  a  t e n d e n c y  

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

T h e r e  t h e  l a v a  f o r m s  more i r r e g u l a r  m a s s e s  o f  p i l l o w - l i k e  s h a p e .  



T h e s e  p a r t s  seem t o  h e  more r e s i s t a n t  t o  a b r a s i o n  b e c a u s e  o f  l o c k -  

i n g  j o i n t  s y s t e m s ,  

A s  y e t  l i t t l e  is known a b o u t  t h e  submar ine  morphology o f  t h e  

a h r  a s i o n  p l a t  fo rm.  Accord ing  t o  p r e l i m i n a r y  c o m p a r i s o n s  be tween  t h e  

1965  and 1967  c o a s t  l i n e s ,  t h e  10-m d e p t h  c o n t o u r  o f  J u l y  1967 on 

t h e  SSW c o a s t  r o u g h l y  c o r r e s p o n d s  t o  t h e  s h o r a  l i n e  o f  August 1965 .  

S o u r c e s  o f  b e a c h  m a t e r i a l  - 
I n  t h e  e a r l y  s t a g e s  o f  t h e  deve lopment  o f  t h e  i s l a n d ,  waves 

r a p i d l y  c u t  i n t o  t h e  t e p h r a .  Excep t  on  t h e  s h e l t e r e d  N c o a s t  no 

b e a c h  d e p o s i t  i o n  o f  any permanency t o o k   lace. The f i n e - g r  a i n e d  

t e p h r a  was b r o u g h t  i n  s u s p e n s i o n  by t h e  swash  and was l o s t  o f f s h o r e .  

Even c l o s e  t o  t h e  a r e a  on t h e  WNW c o a s t , w h e r e  t e p h r a  is s t i l l  

s u p p l i e d ,  i t  makes up a n  i n s i g n i f i c a n t  p a r t  o f  t h e  b e a c h  m a t e r i a l .  

The f o r m a t i o n  o f  c o a r s e  b e a c h  m a t e r i a l  from c l i f f  f a l l s  h a s  

p r e v i o u s l y  b e e n  m e n t i o n e d .  B o u l d e r s  a r e  r a p i d l y  ab raded  t o  a  rounded  

form and f r a g m e n t e d  p a r t s  a r e  t r a n s p o r t e d  a l o n g  t h e  s h o r e .  A s  t h e  

a b r a s i o n  p l a t f o r m  is s t i l l  c o m p a r a t i v e l y  nar row and s t e e p ,  i t  seems 

most  p r o b a b l e  t h a t  a c o n s i d e r a b l e  amount o f  e r o d e d  m a t e r i a l  is  

s u r g e d  o f f  t h e  p l a t f o r m  and s l i p s  down t h e  submar ine  s l o p e .  - 

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

August 1 9 t h  1966  and t h e  a c t i v i t y  ended  i n  e a r l y  June  1967 .  The 

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

A t  c o n t a c t  w i t h  t h e  w a t e r  v a s t  q u a n t i t i e s  o f  t h i s  l a v a  were  i n -  

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

b e  t r a n s p o r t e d  by t h e  b r e a k e r s .  I n  my o p i n i o n  t h e  e f f e c t  o f  t h i s  

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

n e s s  From t h e  autumn o f  1966  t o  August 1967  t h e  n o r t h e r n  s p i t  

advanced  a b o u t  8 0  m ,  and t h e  s h o r e l i n e  had been  b u i l t  o u t  i n  an 

a r e a  where  t h e  w a t e r  d e p t h  was a b o u t  30 m 12  months  e a r l i e r .  

D u r i n g  t h e  l a r g e  o u t f l o w s  o f  1 9 6 4  and 1965 f r agmen ted  l a v a  

d i d  n o t  p r o d u c e  d i r e c t l y  a v a i l a b l e  b e a c h  m a t e r i a l  i n  t h e  same 

e f f e c t i v e  way b e c a u s e  t h e  l a v a  f r o n t  was r a p i d l y  b u i l t  o u t  i n t o  

d e e p  w a t e r ,  and t h e  p a r t i c l e s  went  down t h e  submar ine  s l o p e s .  



The n o r t h e r n  n e s s  ---- 

C l i f f s  c u t  i n  t h e  t e p h r a  c o n e s  o f  S u r t u r  I and IT f a c i n g  NE 

and M r e s p e c t i v e l y  Po::m t h e  i n n e r  ma:-gin o f  t h e  l n r g e  n e s s  h u i l t  

o u t  towc?rds N The  n e s s  mwy h e  d i v i d e d  5.r.to ,In o u t e r  and i n n e r  zone 

r o u g h l y  d i v i d e d  by t h e  o u t e r  l a g o o n .  The d e p r e s s i o n  marked hv t h i s  

l a g o o n  c o n t i n u e s  t o  t h e  SW end o f  t h e  n e s s *  I ts  s u r f a c e  h,as t o  some 

e x t e n t  b e e p  lowered  by d e f l a t i o n  

Jn  t h e  o u t e r  zoKe more o r  l e s s  --ounded f -=agments  o f  l ? v s  ? lmos t  

e n t j r e l y  c o n s t j . t u t c :  t h e  bsgch  m a t e r i a l ,  Crrqin s i z e s  w i t h i n  t h e  r a n g e  

o f  c o a r s e  s a n d  t o  g r q n u l e s  domina te .  Xr t h e  i n n e r  zone t h e r e  is a 

~ i x t u r e  o f  t a p h r a  and l a v a  m a t e r i a l ,  I n  t h e  i n n e r m o s t  p a r t  l s v a  

p a r t i c l e s  o n l y  form an i n c o m p l e t e  windhlovn  c o v e r  

The b e a c h  p r o f i l e  h a s  a  w e l l  d e v e l o p e d  p l u n g e  s t e p ,  Along 

t h e  e a s t e r n  b e a c h  t h e  s t e p  4-s made up o f  m n t e r i ~ l  o f  p e b l ~ l e  and 

c o b b l e  s i z e .  A s  p r c v i o u s l v  m e n t i o c e d ,  v e r y  c o w s e  rnateri,?J. f o r m i n g  

t h e  b e ~ c h  o f  t h e  WhW c o a s t  c a n  be  t r a c e d  i n t o  t h e  w e s t e r n  b e a c h  o f  

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

w i t h  d i . r e c t i o n  o f  wsve npproach ,  I t  v a s  foucd  t h a t  a t  e r o s i o n a l  

s t a g e s  o f  t h e  w e s t e r n  b e a c h  w i t h  wave 3,pproach from W ,  l a r g e  c u s p s  

'were formed w i t h  v e r y  c o a r s e  m a t e r i 2 l  i n  t h e  h o r n s ,  B o u l d e r s  0 5 

t o  1 0 m i n  s i z e  .x1ere see r .  a c t i v e l y  r o l - l i r g  a t  t h e  s t e p  by swash  

a c t i o n .  A t  t i m e  o f  o h s e r v a t i o r  t h e  wnve p e r i o d  was 1 0 . 5  s a c  and 

t h e  s i g n i f i c a n t  wave h e i g h t  was e s t i ~ ~ . t e d  a t  a b o u t  2 m 

On Sep tember  1 2 t h  t h c  mean i n c l i n . a t i o n  o f  t h e  s h o r e f n c e  

w i t h i n  t h e  p r e s e n t  swash a c t i o n  ?.hove t h e  t e m p o r a r y  mean w a t e r  

l e v e l  was measu red  i n  2 4  e q u a l l y  sp-?ced  section.^, On t h e  e a s t e r n  
0 0 b e a c h  t h e  a v e r a g e  i n c l i n a t i . o n  was 5 ( r a n g o  4 t o  6'). Accord ing  

t o  X:.man and Shepz rd  "19631 and Wiege l  '19643 t h i s  s h o u l d  be 

e x p e c t e d  w i t h  ;t median  g r a i n  s.i.ze o f  a h o u t  0 , 5  m m ,  wh ich  n t  l e a s t  

q u a l i t a t i v e . J y  ag::ees w i t h  t h e  p r e s e n t  c o n d i t i o n s .  Dur ing  t h e  
0 e r o s i o n  on tb .e  .ves te rn .  herich t h e  s l o p s  v a r i e d  f rom 6  t o  l o 0 ,  I n  

t h e  a r e a  o f  r a p i d  depo%i.ti.or?. a t  t h e  c o r t h e r r !  p o i n t  o ?  t h e  n e s s  
0 t h e  i n c l i n a t i o n  o f  t h e  s h o r e f a c e  v a r i e d  f rom 2 t o  4'. 



Changes i n  s h o r e  l i n e  con f  i gu r2 . t  i o r ,  ---- -s 

D u r i n g  t h e  s h o r t  l i f e  o f  S u r t s e y  t h e  p o s i t i o n  o f  i t s  s h o r e  

l i n e  h a s  changed c o n s j . d e r a b l y  due  t o  l a v a  f l o w s  and wave a t t a c k .  

Maps o f  a r e a  c h a n g e s  from F e b r u a r y  1 7 t h  1 9 6 4  t o  August 2 4 t h  1.965 

and from t h i s  d a t e  t o  J a n u a r y  3 r d  1967  have  b e e n  p u b l i s h e d  by 

T h o r a r i n s s o n  (1966  and 1 9 6 7 ) .  D u r i n g  t h e  f i r s t  o f  t h e s e  p e r i o d s  t h e  

c o n f i g u r a t i o n  changed from an  a l m o s t  c i . r c u l a r  form t o  a  r e c t a n g u l a r  

s h a p e ,  w i t h  r a t h e r  s t r a i g h t  c o a s t s  f a c i n g  SW, NW, NE and SE, c h i e f l y  

by o u t f l o w s  o f  l a v a  f rom S u r t u r  I1 t o w a r d s  S  t o  SW. 

The l a v a  f l o w s  from S u r t u r  I t h a t  l a s t e d  from August 1966 t o  

J u n e  1 9 6 7  were  d i r e c t e d  i n  a s e c t o r  f rom E t o  S and r e s u l t e d  i n  

h e a d s  p r o j e c t i n g  E and SE, D u r i n g  t h e  f i r s t  6  months  o f  1967  t h e s e  

h e a d s  w e r e  s e v e r e l y  ab raded  and i n  t h e  s e c t i o n  be tween  them on t h e  

E c o a s t  a  wide  b e a c h  h a s  b e e n  b u i l t  o u t .  I n  t h e  w e s t e r n  p a r t  o f  

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

o r i e n t a t i o n  o f  t h e  c o a s t ,  I n c l u d i n g  t h e  n o r t h w a r d s  p r o j e c t i n g  tri-d 

a n g u l a r  n e s s ,  t h i s  means t h a t  t h e  c o n f i g u r a t i o n  h a s  changed from a 

rect2.ngula-r  s h a p e  o r i e n t e d  i n  NE-SW t o  a  p e a r  s h a p e  o r i e n t e d  i n  

N-S. A s  c a n  b e  judged  from t h e  d e p o s i t i o n a l  p a r t  t h i s  r e f l e c t ?  

an  a d ~ u s t m e n t  t o  t h e  d i r e c t i o n a l  d i s t r i b u t i o n  o f  wave f o r c e .  ( C f ,  

d i s c u s x s i o n s  on  Anhol t  i s l m d  by Schou (1945)  and N o r m a n  1 1 9 6 4 ) ) .  

Submar ine  morphology 
P 

A d e p t h  c o n t o u r  map c o v e r i n g  t h e  ho t tom t o  a  d i s t a n c e  o f  

600  m f rom t h e  s h o r e  h a s  h e e n  p u b l i s h e d  by R i s t  (19671,  T h i s  map 

is b a s e d  on 33 r a d i a l  s e c t i o n s  echo-sounded  i n  August 1 9 6 6 -  A 

d e t a i l e d  s u r v e y  was c a r r i e d  o u t  i n  J u l y  1967  by S u b , l i e u t  I3.E T .  

Humphrey, R-N. ,  c o v e r i n g  a  c i r c u l a r  zone o u t  t o  2 km from t h e  s h o r e .  

R e c o r d i n g s  w i t h i n  t h e  10-m c o n t o u r  a r e  i n c o m p l e t e :  A p r o v i s i o n a l  

map i n  t h e  s c a l e  o f  1 : 1 0 . 0 0 0  b a s e d  on t h e s e  s o u n d i n g s  r e a d i l y  

r e v e a l s  i r r e g u l a r  m o r p h o l o g i c a l  f e a t u r e s  o f  t h e  S u r t u r  1 l a v a  f l o w  *- 

t o  a  d e p t h  o f  70  m on  t h e  s o u t h e r n n o s t  p a r t  o f  t h e  E c o a s t  

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

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

S 6 l n i r  S u r t l a  i s  s i t u a t e d  1 . 5  km ENE o f  S u r t s e y ,  The c o n e  e l o n g a t e d  



i n  ENE-WSW is  p l a n e d  o f f  a t  a. d e p t h  of  3 1  t o  34  m A s u b m a r i n e  

e r u p t i o n  was n o t i c e d  on  December 2 8 t h  1963 ,  and t h e  s h o a l  seem.s t o  

have  b e e n  b u i l t  up c l o s e  t o  t h e  s e a  s u r f a c e .  

S y r t l i n g u r  l i n k e d  t o  t h e  ENE s u b m a r i n e  s l o p e  o f  S u r t s e y  was 

s e e n  above  s e a  l e v e l  on  May 2 8 t h  1965  and d i s a p p e a r e d  by a b r a s i o n  

on O c t o b e r  2 4 t h  t h e  sav.e  y e a r ,  When l a r g e s t  it had a  d i a ~ e t e ? :  a t  

s e a  l e v e l  o f  a b o u t  650  m .  I t  now forms  a  p l a t f o r m  a t  a  d e p t h  o f  

22  t o  2 3  m ,  w i t h  some minor  r i d g e s  a t  20  m 

J c i l n i r ,  t h a t  had i t s  c e n t r e  a b o u t  1 0  km WSW o f  S u r t s e y ,  came 

above s e a  l e v e l  f o r  t h e  f i r s t  t i m e  on  December 2 8 t h  1965  avd f i n a l l y  

d i s a p p e a r e d  i n  September  1966 .  When l a r g e s t ,  i t s  d i a m e t e r  a t  s e a  

l e v e l  was a b o u t  G O O  m I t  now forms  a  p l a t f o r m  a t  a  d e p t h  o f  13 t o  

1 6  m ,  ( A l l  d a t a  on  t h e  h i s t o r y  o f  t h e  i s l a n d s  i s  a c c o r d i n g  t o  

i n f o r m a t  i o n  from S .  T h o r w i n s s o n j  . 

I t  ' s  p r e s e n t l y  n o t  known t o  what  a n  e x t e n t  t h e  l e v e l s  o f  

t h e  p l a t f o r m s  a r e  e n t i r e l y  due  t o  an a b r a s i o n  and i f  a b r a s i o n  i s  

s t i l l  a c t i v e  a t  a d e p t h  of  3 0  rn, The r e l a t i o n  b ~ t w e e n  age and d e p t h  

is  s t r i k i n g  One o f  t h e  main o b j e c t s  o f  t h e  d i v i n g  o p e r a t i o n s  p l a n n e d  

f o r  1968  is a s t u d y  o f  t h e  morphology and s e d i m e n t s  o f  t h e s e  p l a t =  

f  o ~ m s  %. 
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ABSTRACT 

The P e t r o l o g y  o f  Acid X e n o l i t h s  from S u r t s e y  - 
by 

H a r a l d u r  S i g u r d s s o n  
I n d u s t r i a l  R e s e a r c h  and Development I n s t i t u t e  

R e y k j a v i k ,  I c e l a n d  

W i l l  b e  p u b l i s h e d  i n :  The G e o l o g i c a l  Magaz ine ,  London -- 

A number o f  a c i d  p l u t o n i c  x e n o l i t h s  from t h e  v o l c a n o  S u r t s e y  

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

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

t h e  x e n o l i t h s  i n d i c a t e s  a c o m p o s i t i o n a l  p a t t e r n  from t o n a l i t i c  t o  

py rome tamorph ic  t y p e s .  A h y p o t h e s i s  is  p u t  fo rward  t h a t  t h e  t o n a l i t i c  

x e n o l i t h s  have  unde rgone  p a r t i a l  f u s i o n  d u r i n g  t r a n s p o r t  t o  t h e  

s u r f a c e  i n  t h e  b a s a l t i c  magma and t h e  r emova l  o f  a  s a l i c  l i q u i d  

f rom g r a n i t i c  x e n o l i t h  i n t o  t h e  magma h a s  r e s u l t e d  i n  t h e  f o r m a t i o n  

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

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

a r e  a l s o  d e s c r i b e d .  



ABSTRACT 

S t r u c t u r e  and P r o d u c t s  o f  S u b a q u a t i c  Vo lcanoes  i n  I c e l a n d  .-- 

Gudmundur E. S i g v a l d a s o n  
I n d u s t r i a l  R e s e a r c h  and Development I n s t i t u t e  

R e y k j a v i k ,  I c e l a n d  

P u b l i s h e d  i n :  Con t r  M i n e r a l .  and P e t r o l ,  

I c e l a n d  p r o v i d e s  a  u n i q u e  o p p o r t u n i t y  t o  s t u d y  t h e  mechanism 

o f  s u b a q u a t  i c  e r u p t  i o n s ,  The N e o v o l c a n i c  zone d i s s e c t i n g  t h e  c o u n t r y  

f rom ME t o  SW h a s  b e e n  v o l c a n i c a l l y  a c t i v 6  s i n c e  t h e  end o f  t h e  

T e r t i a r y ,  and a  l a r g e  number o f  e r u p t i o n s  have o c c u r r e d  u n d e r  g l a c i e r s  

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

The s u b a q u a t i c  v o l c a n i c  p i l e s  have a  r e g u l a r  s t r u c t u r a l  s e q u e n c e  

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

g l a s s y  t u f f s .  T h i s  r e g u l a r i t y  is b e l i e v e d  t o  r e s u l t  f rom e x t e r n a l  

c o n d i t i o n s  r a t h e r  t h a n  c h a n g e s  c a u s e d  by v a r i a t i o n s  i n  e n d o g e n i c  

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

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

v a i l i n g  h y d r o s t a t i c  p r e s s u r e ,  The i n t e r i o r  p a r t s  o f  a  pi1lo"w c o n t i n u e  

t o  d e g a s s ,  however ,  c r e a t i n g  g a s  p r e s s u r e s  w i t h i n  e a c h  u n i t  r e p r e s e n t -  

i n g  t h e  amount o f  e x s o l v e d  g a s e s  a t  magmatic t e m p e r a t u r e  The amount 

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

and p i l l o w  s t a b i l i t y  is t h u s  a f u n c t i o n  o f  w a t e r  d e p t h  above  t h e  

v o l c a n i c  v e n t ,  A s  t h e  v o l c a n i c  v e n t  comes c l o s e r  t o  t h e  s u r f a c e ,  a 

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

b e  c r e a t e d  w i t h i n  e a c h  g l a s s  e n c r u s t e d  u n i t  wh ich  e v e n t u a l l y  a r e  

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

A s u b a q u a t i c  l i v a f l o w  t e n d s  t o  form a t h i c k  p i l e  i n s t e a d  o f  

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

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

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

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

b e  r e l a t e d  t o  immedia te  r e a c t i o n s  be tween  t h e  h o t  m e l t  and w a t e r ,  



n o r  c a n  t h i s  l a r g e - s c a l e  a l t e r a t i o n  be  e x p l a i n e d  a s  a c o n t i n u o u s  

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

s u g g e s t e d  t h a t  a  s u b a q u a t i c  v o l c a n i c  s t r u c t u r e  is somewhat s i m i l a r  

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

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

w a l l s  and c o v e r ,  The p a l a g o n i t i z a t i o n  i s  t h u s  c o n s i d e r e d  t o  r e p r e s e n t  

m i l d  h y d r o t h e r m a l  a l t e r a t i o n  i n  a  s h o r t - l i v e d  t h e r m a l  s y s t e m ,  . 



The S u r t s e y  E r u p t i o n  

Course  o f  e v e n t s  d u r i n g  t h e  y e a r  1967 

by 
S i g u r d u r  T h o r a r i n s s o n  

Department  o f  Geology and Geography 
Museum o f  N a t u r a l  H i s t o r y ,  Reyk jav ik  

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

My c o n t r i b u t i o n  t o  t h e  S u r t s e y  R e s e a r c h  work i n  1967 was t o  

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

c h a n g e s  o f  S u r t s e y .  I n  t h e  l a t t e r  I was a s s i s t e d  by Gut tormur  S ig -  

b j a r n a r s o n ,  c a n d . r e a l . ,  The N a t i o n a l  Energy A u t h o r i t y .  I n  Aug. 1967 

D r .  John  0. Norrman from t h e  Depar tment  o f  P h y s i c a l  Geology,  Uni- 

v e r s i t y  o f  Uppsa la ,  was on my p r o p o s a l  a p p o i n t e d  Pr inc ipa l  i n v e s t i -  

g a t o r  o f  t h e  l i t t o r a l  morphology o f  S u r t s e y  and its changes .  D r .  

Norrman s t a r t e d  h i s  f i e l d  work o n  S u r t s e y  on S e p t .  9 ,  1967 ,  and 

s p e n t  a b o u t  1 0  d a y s  on t h e  i s l a n d .  

Dur ing  1967 I made 1 7  r e c o n n o i t r i n g  f l i g h t s  o v e r  S u r t s e y .  S i x  

t i m e s  t h e  a i r c r a f t  l a n d e d  o n  t h e  i s l a n d  and two t i m e s  I l a n d e d  t h e r e  

b y  b o a t .  My s t a y s  on t h e  i s l a n d  v a r i e d  from a  few h o u r s  t o  f o u r  d a y s .  - 
L i k e  i n  p r e v i o u s  y e a r s  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  

G e n e r a l  o f  A v i a t i o n ,  Agnar Kofoed Hansen,and 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 ,  PBtu r  S i g u y d s s o n .  The t r i p s  t o  S u r t s e y  w i t h  t h c  

aim of l a n d i n g  have  been  p a i d  by t h e  S u r t s e y  Resea rch  S o c i e t y .  I am 

i n d e b t e d  t o  t h e  p i l o t s  S i g u r j 6 n  E i n a r s s o n  and T h 6 r 6 l f u r  Magnfisson 

f o r  v a l u a b l e  i n f o r m a t i o n  from t h e i r  many f l i g h t s  o v e r  S u r t s e y .  

A e r i a l  mapping 

Using t h e  Coas t  Guard S e r v i c e ' s  a i r c r a f t  S I F  t h e  I c e l a n d i c  

Survey  Depar tment  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  t h r e e  t i m e s  i n  1967,  

V i z .  on J a n u a r y  3 r d ,  March 2 9 t h  and J u l y  1 7 t h .  The p h o t o g r a p h s  o f  

J u l y  1 7 t h  came c l o s e s t  t o  p i c t u r i n g  t h e  i s l a n d  a s  it was when t h e  

e r u p t i o n  ended and w i l l  be  used  f o r  t h e  p r e p a r a t i o n  o f  a  t o p o -  

g r a p h i c a l  map, s c a l e  1 :5000  w i t h  5 m c o n t o u r  i n t e r v a l s .  



The S u r t s e y  e r u p t i o n  Dec 1966 - dune 5 1967 -- .-- -- ------- 
I n  t h e  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 1 1  I gave  a s h o r t  

d e s c r i p t i o n  o f  t h e  b e g i n n i n g  and f i r s t  months  o f  t h e  e f f u s i v e  ~ c t i v i t y  

t h a t  began  when a  220  m l o n g  f i s s u r e  opened up on t h e  f l o o r  o f  t h e  

O l d e r  S u r t u r  C r a t e r  !Su r tu r  I )  on Aug 1 9  1966 From t h e  b c g i ~ n i n g  

o f  December t h e  l a v a  f lowed a lmos t  e x c l u s i v e l y  i n  s m a l l  t u n n e l s  

wh ich  opened up a t  o r  a  s h o r t  d i s t a n c e  i n s i d e  t h e  s e a - s h o r e .  

On December 12  i t  was o b s e r v e d  t h a t  vapour  was r i s i n g  from a  

f i s s u r e  on  t h e  i n n e r  s l o p e  of  t h e  O lde r  S u r t u r  C r a t e r  Examinatio!? 

o f  S i g u r j 6 n  E i n a r s s o n ' s  p i c t u r e s  showed t h a t  t h e  f i s s u r e  i s  f a i n r l y  

d i s c e r n i b l e  on  a  p h o t o  t a k e n  O c t .  2 .  On Dec 1 5  I o b s e r v e d  t h e  

f i s s u r e  from t h e  a i r  I t  s t r e t c h e d  from t h e  l a v a  f l o o r  o f  t h e  c r a t e r  

UP t h e  s l o p e  t o  abou t  1 0 5  rn h e i g h t  above s e a  l e v e l  and its d i r e c t i o n  

was ~ 2 0 ~ ~ .  A v e r y  s m a l l  amount o f  l a v a  had been  poured  o u t  from i ts  

lower  h a l f ,  and from t h e  upper  h a l f  vapour  was r i s i n g  Dec. 1 7  

S i g u r j 6 n  E i n a r s s o n  o b s e r v e d  g lowing  l a v a  i n  t h e  l o w e r  h a l f  o f  t h e  

f i s s u r e ,  b u t  t h e r e  was no o u t p o u r i n g  a t  t h a t  t i m e ,  and t h i s  was t h e  

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

duced by t h i s  f i s s u r e  formed a s m a l l  apron  o f  a - a  l a v n  on t o p  o f  

t h e  r o p y  - l ava  f l o o r  i n  t h e  O l d e r  S u r t u r  C r a t e r .  

I n  t h e  morning  o f  J a n  1, 1.967 i t  was o b s e r v e d  from t h e  

Westman I s l a n d s  t h a t  a f i s s u r e  had opened up on t h e  n o r t h  s l o p e  

of  t h e  O l d e r  S u r t u r  C r a t e r  and l a v a  f lowed down t h e  s l o p e  t o w a r d s  

t h e  l a g o o n .  A t  11 a .m.  t h e  f o l l o w i n g  day!  when I f l e w  o v e r  S u r t s e y ,  

t h e  l a v a  had. f i l l e d  h a l f  o f  t h e  l a g o o n  and was advanc ing  w e s t -  

w a r d s ,  s e r i o u s l y  t h r e a t e n i n g  t h e  s c i e n t i s t s '  h u t ,  P B l s b ~ r  (named 

a f t e r  p r o f e s s o r  P a u l  Bauer  , t hc b e n e f a c t o r  o f  t h e  S u r t s e y  R e s e a r c h  

S o c i e t y )  s i t u a t e d  on  t h e  wes t  s i d e  o f  t h e  l a g o o n  ( c f .  t h e  map, 

f i g ,  l j ,  

The f o l l o w i c g  morning  I l a n d e d  on S u r t s e y  and s t u d i e d  t h e  

new e r u p t i o n  c l o s e r  The p r o d u c t i o n  of  Lav :~  h?d ';loivtd tip, and l a v a  

f lowed t h e n  o n l y  from t h e  lower  one  o f  two s m a l l  c r a t e r s  t h ? t  hati 

been  formed on t h e  n o r t h  s l o p e  of  t h e  O lde r  S u r t u r  C r a t e r .  The 

h i g h e r  one  o f  t h e s e  s p a 1 1  c rn t r r - s  w 7 s  , ihoilt  110  m above s e a  l e v e l ,  



t h e  l ower  one  a b o u t  2 0  m f z r t h e r  down o r  t h e  s l o p s ,  and from t h e  

h i g h e r  c r a t e r  t h e  f i s s u r e  s t r e t c h e d  u p w ~ r d s  t o  about  120  m h e i g h t  

above , sea  l e v e l  . : A l l  t h e  h e j g h t  f i g u r e s  may have t o  b e  c o r r e c t e d  

R, l i t t l e  when t h e  p h o t o g r r m v e t r i c  map h a s  h e e c  worked o u t )  From t h i s  

p a r t  o f  t h e  f i s s u r e  s0v.e s a n d  had b e e n  hlown o u t .  b u t  no l a v a  had 

been  e x t r u d e d .  On t h e  s o u t h  j v i z .  t h e  i n n e r )  s l o p e  of t h e  O l d e r  

S u r t u r  C r a t e r  a  f i s s u r e  had opened up - p r o h - b l y  on J a n .  1 and 

c e r t a i n l y  b e f o r e  t h e  v o r n i n g  o f  J a n .  2  - t o  np. e l e v a t i o n  o f  abou t  

100  m and poured  o u t  l a v a  a l t h o u g h  on  z. s m a l l e r  s c a l e  t h a n  t h e  

f i s s u r e  on  t h e  n o r t h  s i d e .  Two s m a l l  c r a t e r s  were s c t i v e  on t h i s  

f i s s u r e ,  By t h i s  new a c t i v i t y  t h e  n e a r l y  N - S  r u n n i n g  s y s t e m  o f  

f i s s u r e s  p o u r i n g  o u t  l a v a  had r e z c h e d  a  t o t a l  l e n g t h  o f  s b o u t  0 . 5  km. 

The l a v a  l e v e l  had now been  r a i s e d  t o  a b o u t  t h e  ssme h e i g h t  a s  i t  

had r e a c h e d  i n  t b e  Younger S u r t u r  C r a t e r  d u r i n g  t h e  sutumn znd 

w i n t e r  1 9 6 4 / 6 5 .  

On J a n  2 .  s h o r t l y  l f t e r  noon ,  a  m i n i a t u r e  f i s s u r e  opened 

up  on  t h e  NE s i d e  o f  t h e  O l d e r  S u r t u r  C r a t e r  i n  ahou t  60 n h e i g h t  

and l a v a  was s e e r  g l o w i n g  t h e r e  f o r  some h o u r s ,  b u t  p r a c t i c a l l y  no 

l a v a  was poured  o u t  t h e r e  

F o r t u n a t e l y  enough ,  t h e  l a v a  f r o n t  t h a t  advanced o v e r  t h e  

l a g o o n  s t o p p e d  on J a n .  4 a t  a  d i s t a n c e  o f  120  m from t h e  s c i e n t i s t s '  

h u t  I n  t h e  c r a t e r  on t h e  n o r t h  s l o p e  t h o  l a v a  was l a s t  s e e n  g lowing  

J a n .  6 , w h i l e  on  t h e  s o u t h  s l o p e  t h e  l a v ~ f l o w  c e a s e d  two d a y s  l a t e r ,  

I t  had by  t h e n  formed $7. nar row s t r e a m  o f  a-a l a v a  which had f lowed 

a b o u t  1 5 0  m t o w a r 6 s  SE a l o n g  t h e  f o o t  o f  t h e  s l o p e ,  

When l a n d i n g  on S u r t s e y  J a n .  7 ,  1 9 6 7 , I  o h s e r v e d  on t h e  i n n s r  

s i d e  o f  t h e  O l d e r  S u r t u r  C r a t e r  two p a r a l l e l  c u r v e d  f a u l t  s c - r p s  - 
t h e  downthrow abou t  1 m and some l a v a  had been  squeezed  o u t  a l o n g  

t h e  l o w e r  o n e .  The l a v s  f i l l i n g  s u c h  a  f i s s u r e  h a s  a c t u a l l y  formed 

a  cone  s h e e t .  

From t h e  f i s s u r e s  t h a t  had opened  up on Aug, 19  1 9 6 6 ,  l a v a  

f lowed i n c e s s a n t l y ,  h u t  on t h e  who le  on  3 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 ,  

d u r i n g  t h e  e n t i r e  w i n t e r  and s p r i n g  o f  1967  The a v e r a g e  r a t e  o f  
3 l a v a  p r o d u c t i o n  was a b o u t  2 m / s e e .  On J u n e  5  i t  was l a s t  s e e n  



g l o w i n g  a t  t h e  s o u t h  s h o r e  o f  S u r t s e y ,  b u t  now and t h e n  some vapour  

was o b s e r v e d  r i s i n g  from t h e  s o u t h  c o a s t  o f  S u r t s e y  u n t i l  t h e  m i d d l e  

o f  Oc tobe r  1 9 6 7 .  

A s  men t ioned  b e f o r e  t h e  l a v a  f lowed m a i n l y  i n  t u n n e l s  I n  t h e  

c r a t e r s  on t h e  Aug. 1 9 - f i s s u r e  t h e  h e i g h t  o f  t h e  l a v a  l e v e l  v a r i e d  a  

l o t ,  and t h e  s m a l l  l a v a  1 - k e  b o i l i n g  t h e r e  g r a d u a l l y  d i m i n i s h e d  i n  

a r e a .  One o f  t h e  l a s t  t h i n g s  t o  happen i n  t h e  c r a t e r s  was a  b u i l d i n g  

up o f  a  n e a r l y  1 0  m h i g h  h o r n i t o  on  t h e  f l o o r  of  t h e  n o r t h e r n  c r a t e r  

d u r i n g  t h e  f i r s t  h a l f  o f  May 1967.  The map, f i g .  1, shows t h e  c r a t e r s  

a s  t h e y  were  when t h e  e r u p t i o n  ended .  

A t  t h e  end o f  t h e  y e a r  1967 t h e  e m i s s i o n  of  vapour  from t h e  

Aug. 1 9 - f i s s u r e  and i ts c r a t e r s  had n e a r l y  c e a s e d ,  b u t  t h e r e  was 

s t i l l  some vapour  r i s i n g  from t h e  f i s s u r e s  t h a t  opened up i n  e a r l y  

Oc tobe r  and on  Jan .  1 on t h e  i n n e r  s i d e  o f  t h e  O l d e r  S u r t u r  C r a t e r  

and a l s o  f rom t h e  u p p e r  c r a t e r  on t h e  n o r t h  s l o p e .  The e m i s s i o n  o f  

vapour  a round  t h e  l a v a  c r a t e r  o f  1964  seemed r a t h e r  t o  i n c r e a s e  

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

t h a t  c r a t e r .  

The l a v a  from t h e  1966/67 e f f u s i v e  p h a s e  o f  t h e  S u r t s e y  e r u p t i o n  

c o v e r s  a b o u t  2 5 0  a c r e s ,  whereof  1 0  on  t h e  n o r t h  s i d e -  o f  t h e  i s l a n d .  

Of t h e s e  2 5 0  a c r e s  1 2 5  a r e  o u t s i d e  t h e  s h o r e  a s  i t  was when t h e  l a v a  

f low b e g a n .  The a r e a  o f  S u r t s e y  when t h e  e r u p t i o n  ended was 2 . 8  km 
2  

( 2 8 0  h a ) .  

A l though  i t  i s  a q u e s t i o n  o f  d e f i n i t i o n  when an  e r u p t i o n  

r e a l l y  e n d s , t h e  a u t h o r  r e g a r d s  t h e  1966/67 l a v a  p h a s e  o f  t h e  S u r t s e y  

e r u p t i o n  a s  h a v i n g  come t o  an  end on J u n e  5 ,  1 9 6 7 ,  when l a v a  was 

l a s t  s e e n  g l o w i n g  and showing s i g n s  of  b e i n g  s t i l l  moving, and s o  

long a t i m e  h a s  now e l a p s e d  s i n c e  t h e n  t h a t  a  renewed a c t i v i t y  i n  

S u r t s e y  o r  a d j a c e n t  a r e a  w i l l  p r o b a b l y  b e  r e g a r d e d  a s  a  new e r u p t i o n  

- t h i s  is  a l s o  a  . q u e s t i o n  o f  d e f i n i t i o n .  

On June  5 ,  1967 :  t h e  S u r t s e y  e r u p t i o n  had l a s t e d  3 y e a r s  and 

7  months  and b e e n  v i s i b l e  f o r  3 y e a r s  and 4 1/2 month.  I t  is t h e  

s e c o n d  l o n g e s t  e r u p t i o n  i n  I c e l a n d  s i n c e  i t s  s e t t l e m e n t  began  

1100  y e a r s  a g o ,  and o n l y  a  few months s h o r t e r  t h a n  t h e  l o n g e s t  o n e ,  



t h e  "Mfvatn F i r e s "  1725 - 1 7 2 9 ,  which were i n  many ways a  s i m i l a r  

e r u p t i o n  e x c e p t  f o r  t h e  d i f f e r e n c e  caused  by d i f f e r e n t  envi ronment  

i n  which  t h e  e r u p t i o n s  t o o k  p l a c e ;  one i n  t h e  s e a ,  t h e  o t h e r  on d r y  

l a n d  The t o t a l  p r o d u c t i o n  a l s o  was on a  s i m i l a r  s c a l e .  

I n  t h e  p r e v i o u s  r e p o r t s  on t h e  S u r t s e y  e r u p t i o n  a s  w e l l  a s  i n  

o t h e r  p a p e r s  p u b l i s h e d  on t h e  e r u p t i o n  I have t r i e d  t o  c a l c u l a t e  

a p p r o x i m a t e l y  t h e  a v e r a g e  l a v a  and t e p h r a  p r o d u c t i o n  i n  m3/sec f o r  

t h e  v a r i o u s  p h a s e s  o f  t h e  e r u p t i o n .  Accord ing  t o  t h e s e  c a l c u l a t i o n s  

t h e  t o t a l  p r o d u c t i o n  o f  l a v a  and t e p h r a  s h o u l d  amount t o  abou t  1 .1  km 3  

A b e t h y m e t r i c  map 1 : 1 0  000 b a s e d  o n  measurements  c a r r i e d  o u t  by an 

E n g l i s h  r e s e a r c h  v e s s e l  i n  c o o p e r a t i o n  w i t h  t h e  I c e l a n d i c  Hydro- 

g r a p h i c  S e r v i c e  on J u l y  12 - 2 5 ,  1967 ,  i s ' n o w  a v a i l a b l e .  According 

t o  a  h y p s o g r a p h i c  c u r v e  b a s e d  o n  t h a t  map t h e  t o t a l  volume o f  J 6 l n i r ,  
3 S u r t s e y ,  S y r t l i n g u r  and S u r t l a  above 1 2 0  m d e p t h  is abou t  0 . 9 4  km , 

and above 125  m d e p t h  it is a b o u t  1 .02  km3 The a v e r a g e  d e p t h  i n  

t h e  a r e a  b e f o r e  t h e  S u r t s e y  e r u p t i o n  s t a r t e d  d i d  p r o b a b l y  n o t  exceed  

125  m .  

T a k i n g  i n t o  c o n s i d e r a t i o n  t h e  d i s t r i b u t i o n  o f  S u r t s e y  t e p h r a  

on t h e  Westman I s l a n d s  and t h e  i s o p a c h  maps o f  t h e  S y r t l i n g u r  and 

J 6 l n i r  t e p h r a  on S u r t s e y  I have  r o u g h l y  c a l c u l a t e d  t h a t  t h e  volume 

o f  t e p h r a  d e h o s i t e d  o u t s i d e  t h e  a r e a  cove red  by t h e  h y p s o g r a p h i c  

c u r v e  t o  be  115  ' 25 m i l l i o n  m a .  Consequen t ly  t h e  t o t a l  amount o f  

t e p h r a  and l a v a  produced  by t h e  S u r t s e y  e r u p t i o n  is 1.1 t o  1 2 x 

109m3, whereof  about  70% is t e p h r a .  O n l y  about  9% of  t h i s  m a t e r i a l  

is now above s e a  l e v e l .  



Tex t  t o  p i c t u r e s  

F i g u r e  I :  The o u t l i n e s  o f  S u r t s e y ,  S y r t l i n g u r  and J 6 l n i r  a t  

d i f f e r e n t  t i m e s .  

I .  The Older  S u r t u r  C r a t e r  a s  i t  was on J u l y  1 7 ,  1967 .  

11. The Younger S u r t u r  C r a t e r .  

V e r t i c a l  and c r o s s  s t r i a t i o n :  a r e a s  c o v e r e d  by t h e  

1964/65 l a v a .  

H o r i z o n t a l  and c r o s s  s t r i a t i o n :  a r e a s  c o v e r e d  by t h e  

1966/67 l a v a .  

Dense s t r i a t i o n :  l a g o o n .  

D o t t e d  a r e a s  ( J 6 l n i r ) :  s h o a l s  more o r  l e s s  v i s i b l e  

a t  low t i d e .  





R e s u l t  o f  P r e c i s i o n  L e v e l l i n g  i n  S u r t s e y  - - 
by 

E y s t e i n r  T r y g g v ~ s o n ,  A s s o c i a t ~  P r o f e s s o r  
The I i n l v e r s i t y  o f  T u l s a ,  T u l s a ,  O k l ~ h o m a  

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

On June  2 0  a  l e v e l l i n g  p r o f i l e  a c r o s s  t h e  S u r t s e y  l a v a  was 

marked by 42 benchmarks c o n s i s t i n g  o f  s m a l l  b r a s s  p i n s  These  p i n s  

v e r e  i n s e r t e d  i n t o  t h e  l a v a  s u r f a c e  i n  n permenant p o s i t i o n  and a  

number (601  t o  642) was s t smped on e a c h  p i c  ( F i g u r e  1 ) .  T h i s  p r o f i l e  

was 1.evel led from e a s t  t o  w e s t  on June 2 1  ' t o  22 A second l e v e l l i n g  

was made o n  August 9 t o  10 ,  a l s o  from e a s t  t o  west:  and t h e  t h i r d  

l e v e l l i n g  on August 11-12 from w e s t  t o  e a s t  

I n  a d d i t i o n ,  l e v e l l i n g s  from t h e  e a s t  end o f  t h e  prof!.le (6011 

t o  t h e  pond e a s t  o f  t h e  r e s e a r c h  h u t  .(P5,lsbza-l rind t o  t h e  d o o r s t e p  

o f  t h e  h u t  were  made on June  2 3  and a g a i n  on August 1 2 .  Measure- 

m e n t s  o f  t h e  s u r f a c e  e l e v a t i o n  o f  a pond n s a r  t h e  n o r t h  s h o r e  o f  

t h e  i s l a n d  were  made on August 9 t o  12 , and  t h e s e  were  t i e d  t c  t h e  

l e v e l l i n g  p r o f i l e ,  - 

L e v e l l i n g  a c r o s s  t h e  S u r t s e y  l a v a  - 
The v a i n  r e s u l t  o f  t h e  l e v e l l i n g  is shown i n  Tz.hle I and 

F i g u r e  2 ,  I n  T a b l e  1 a l l  e l e v a t i o n s  a r e  based  on t h e  e l e v ? . t i o n  o f  

benchmark 601  a t  t h e  e a s t  :nd o f  t b e  p r o f i l e .  A s  t h i s  work is  

P--:m-?4.?.:1 a  s t u d y  of  t h e  d e f o r m a t i o n  o f  t h e  S u r t s e y  l a v a  hy  corn.- 

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

l e v e l l i n g s  7.re o f  u tn .os t  i m p o r t a n c e .  

The l e v e l l i n g  o f  J u n e  21-22 was l e s s  a c c u r a t e  t h a n  t h e  l s t e r  

l e v e l l i n g s  due  t o  l i m i t e d  t i m e  and e x p e r i e n c e  However, t h e  p r o b a b l e  - 
e r r o r  i n  r o l a t i v e  e l e v a t i o n  o f  t h e  benchmarks is l e s s  t h a n  0 . 5  m i l l i -  

m e t e r s  o v e r  a  d i s t a n c e  o f  one  k i l o m e t e r .  The l e v e l l i n g s  o f  August 9 

t o  12  a r e  more a c c u r a t e ,  w i t h  p r o b a b l e  e r r o r  ahou t  0  25  m i l l i m e t e r  

p e r  k i l o m e t e r  0:: p r o f i l e ,  Thus t h e  v l r i a t i o n  o f  obse rved  e l e v a t i o n  



( T a b l e  1 )  i s  v e r y  much g r e a t e r  t h a n  t h e  e r r o r  o f  o b s e r v l t i o n  

The change  i n  o b s e r v e d  e l e v a t i o n  o f  t h e  benchmarks is shown 

i n  T a b l e  1, and t h e  a v e r a g e  d a i . l y  change  is shown on F i g u r e s  3 and 4 .  

The whole p r o f i l e  s u b s i d e d  r e l a t i v e  t o  benchmark 601  w i t h  t h e  

p o s s i b l e  e x c e p t i o n  o f  benchmark 642 on t h e  wes t  c o a s t  o f  S u r t s e y .  

G r e a t e s t  s u b s i d e n c e  between June  21-22 and August 9.-10 was o b s e r v e d  

f o r  benchmarks 619  ( 7 . 7  c e n t i m e t e r s ) ,  617  ( 5 . 6  c e n t i m e t e r s ) ,  625  

( 4 . 5  c e n t i m e t e r s ) :  608 ' 3 . 4  c e n t i m e t e r s ) ,  and 626 ( 3 . 3  c e n t i m e t e r s )  

O the r  benchmarks s u b s i d e d  l e s s  t h a n  t h r e e  c e n t i m e t e r s .  The p r o b a b l e  

e r r o r  o f  t h e  o b s e r v e d  s u b s i d e n c e  i s  about  one  m i l l i m e t e r  o n  t h e  

w e s t e r n  p a r t  o f  t h e  p r o f i l e  and l e s s  on t h e  e a s t e r n  p o r t i o n ,  making 

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

m a t e l y  0 . 0 2  m i l l i m e t e r s  f o r  t h e  p e r i o d  June  21-22 t o  August 9-10 

( F i g u r e  3 ) .  E s t i m a t e d  e r r o r s  i n  F i g u r e  4  i n c r e a s e  from l e f t  t o  

r i g h t  due  t o  d e c r e a s e d  tj.me be tween l e v e l l i n g s  and a r e  r o u g h l y  0 . 2  

m i l l i m e t e r s  a t  benchmark 620 and 0 . 5  m i l l i m e t e r s  a t  642.  When F i g -  

u r e s  3 and 4 a r e  compared,  i t  i s  c l e a r  t h a t  t h e  r a t e  o f  d e f o r m a t i o n  

i s  s i m i l a r  f o r  t h e  r o u g h l y  50  d a y s  p e r i o d  cove red  i n  F i g u r e  3 and 

f o r  . t he  o n e  t o  t h r e e  day p e r i o d  cove red  i n  F i g u r e  4 .  However, t h e r e  

a r e  some s i g n i f i c a n t  changes .  The movement o f  benchmarks 616 ,  617 ,  

618 ,  619 and 6 2 0 ,  r e l a t i v e  t o  e a c h  o t h e r ,  is g r e a t e r  f o r - t h e  l a t e r  

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

a r e a  from t h e  f i r s t  t o  t h e  second  p e r i o d  amounts t o  about  20 p e r  - 

c e n t .  T h e s e  benchmarks a r e  i n  t h e  a r e a  o f  t h e  l a t e s t  l a v a  f l o w s  

o f  S u r t s e y  and t h e  l a v a  o f  t h i s  a r e a  was q u i t e  h o t  d u r i n g  t h e  summer 

o f  1967.  The i r r e g u l a r  movement of  t h i s  a r e a  i s  p r o b a b l y  caused  by 

s low p l a s t i c  f low o f  t h e  s t i l l  h o t  l a v a .  C o n t r a c t i o n  due t o  c o o l i n g  

o f  t h e  l a v a  may a c c o u n t  f o r  a  f r a c t i o n  o f  t h i s  s u b 5 i d e n c e .  

The p o r t i o n  o f  t h e  p r o f i l e  l y i n g  be tween benchmarks 621  and 

640 was s u b s i d i n g  r a p i d l y  i n  August 1967 w h i l e  a  q u i t e  s low s u b -  

s i d e n c e  was o b s e r v e d  o v e r  t h e  much l o n g e r  p e r i o d  between t h e  f i r s t  

and second l e v e l l i n g .  The r a t e  o f  v e r c i c a l  movements of  benchmarks 

624 t h r o u g h  6 3 8 ,  r e l a t i v e  t o  e a c h  o t h e r ,  i s , h o w e v e r ,  vc ry  s i m i l a r  

f o r  t h e  two p e r i o d s ,  w h i l e  t h e  whole a r e a  where t h e  benchmarks a r e  

l o c a t e d ,  h a s  s t a r t e d  t o  s u b s i d e  r a p i d l y  i n  August o f  1967.  

The change  i n  r a t e  o f  d e f o r m a t i o n  from t h e  f i r s t  t ,o  t h e  second  



p e r i o d  is shown on F i g u r e  5 .  T h i s  g r a p h  shows v e r y  c l e a r l y  t h e  

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

s u b s i d e n c e  o f  benchmarks 624 t o  638 a t  t h e  r a t e  o b s e r v e d  i n  August 

1967  would i n  one  week accoun t  f o r  t h e  t o t a l  s u b s i d e n c e  o f  t h i s  

a r e a  be tween  J u n e  22 and August 10. 

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

On June  22  t h e  s u r f a c e  o f  t h e  pond e a s t  o f  t h e  r e s e a r c h  h u t  

was t i e d  by l e v e l l i n g  t o  benchmark 6 0 1  and t o  t h e  d o o r s t e p  o f  t h e  

h u t .  I t  was assumed t h a t  t h e  s u r f a c e  e l e v a t i o n  o f  t h i s  pond was v e r y  

c l o s e  t o  mean s e a  l e v e l  On August 1 3  l e v e l l i n g  was pe r fo rmed  from 

benchmark 6 0 1  t o  s e v e r a l  p o i n t s  on  n o r t h e r n  S u r t s e y ,  i n c l u d i n g  t h e  

a v e r a g e  e l e v a t i o n  of  t h e  pond n e a r  t h e  c o a s t  n o r t h  o f  t h e  r e s e a r c h  

h u t -  T a b l e  2  shows t h e  r e s u l t  o f  t h e s e  l e v e l l i n g s .  

The e l e v a t i o n  o f  t h e  n o r t h e r n  pond was o b s e r v e d  a round  h i g h -  

and-low t i d e  d u r i n g  - f o u r  day  p e r i o d ,  August 9  t o  1 2 :  s o  t h e  

a v e r a g e  e l e v a t i o n  o f  t h i s  pond was o b t a i n e d  w i t h  a n  a c c u r a c y  of  

r o u g h l y  5  c e n t i m e t e r s .  The a m p l i t u d e  o f  t h e  t i d e s  i n  t h i s  pond was 

1 . 5 2  m e t e r s  on  August 9  h u t  d e c r e a s e d  d u r i n g  t h e  p e r i o d  o f  o b s e r v a -  

t i o n  due  t o  d e c r e a s i n g  ocean  t i d e  ( T a b l e  39. The pond t i d e  was - 
d e l a y e d  more t h a n  two h o u r s  r e l a t i v e  t o  p r e d i c t e d  o c e a n  t i d e  i n  

Heimaey. The d i f f e r e n c e  i n  t i m e  o f  o c e a n  t i d e  a t  S u r t s e y  and Heimaeg 

is  n o t  known b u t  assumed t o  b e  i n s i g n i f i c a n t .  The a v e r a g e  d e l a y  o f  

t h e  low t i d e  i s  2 h o u r s  52 m i n u t e s ,  w h i l e  t h e  h i g h  t i d e  is d e l a y e d  

an  a v e r a g e  o f  2 h o u r s  2 4  m i n u t e s ,  F u r t h e r m o r e ,  t h e  d e l a y  is g r e a t e r  

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

T h e r e  is c e r t a i n l y  some d i f f e r e n c e  be tween  t h e  mean e l e v a t i o n s  

i n  t h e  pond and i n  t h e  o c e a n ,  t h e  pond b e i n g  somewhat h i g h e r  HOW 

much t h i s  amounts  t o  is  no t  e x a c t l y  known, b u t  a  m a t h e m a t i c a l  

s o l u t i o n  o f  t h e  problem seems p o s s i b l e  arid w i l l  b e  a t t e m p t e d .  P r e -  

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

pond may h e  a b o u t  1 0  c e n t i m e t e r s  above  mean s e l  l e v e l  

The s o u t h e r n  pond was a b o u t  12  c e n t i m e t e r s  l ower  on  August 12 

t h a n  on  J u n e  2 2 ,  r e l a t i v e  t o  6 0 1  and t h e  r e s e a r c h  h u t .  On August 1 2 ,  



t h i s  pond was a b o u t  1 0  c e n t i m e t e r s  above t h e  mean e l e v a t i o n  o f  t h e  

n o r t h e r n  pond and i t  is h i g h l y  u n l i k e l y  t h a t  t h e  d i f f e r e n c e  be tween 

t h e  two ponds  v a r i e s  much. It is  assumed t h a t  heavy r a i n  may t e n p -  

o r a r i l y  r a l s e  t h e  l e v e l  of  t h e  s o u t h e r n  pond b u t  t h e  h i g h  perme- 

a b i l i t y  o f  t h e  c o a r s e  sand between t h e  pond and t h e  ocean  w i l l  a l l ow 

a  f a s t  r e c o v e r y  o f  normal  pond l e v e l .  The e l e v a t i o n  o f  t h e  s o u t h e r n  

pond d e c r e a s e d  a b o u t  o n e  c e n t i m e t e r  p e r  day d u r i n g  August 9 -12 ,  1967 

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

The w a t e r  l e v e l  i n  beach  sand  is norma l ly  somewhat h i g h e r  t h a n  

t h e  mean s e a  l e v e l ,  t h e  d i f f e r e n c e  b e i n g  p r o p o r t i o n a l  t o  t h ~  ampl i -  

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

a b o u t  1 0  p e r c e n t  p e r  day  d u r i n g  August 9 - 1 2 .  T h e r e f o r e ,  i t  may be  

assumed t h a t  t h e  e l e v a t i o n  o f  t h e  s o u t h e r n  pond above mean s e a  

l e v e l  h a s  d e c r e a s e d  a b o u t  1 0  p e r c e n t  p e r  day d u r i n g  t h e  same p e r i o d .  

T h i s  r e a s o n i n g  p l a c e s  t h e  e l e v a t i o n  o f  t h e  s o u t h e r n  pond o n l y  1 0  

c e n t i m e t e r s  above mean s e a  l e v e l  and t h e  a v e r a g e  e l e v a t i o n  o f  t h e  

n o r t h e r n  pond v e r y  c l o s e  t o  mean s e a  l e v e l .  

I t  i s  p r o b a b l e  t h a t  t h e  e l e v a t i o n  o f  t h e  s o u t h e r n  pond is 

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

o f  heavy r a i n  and t h a t  t h e  obse rved  d e c r e a s e  i n  i t s  e l e v a t i o n  

r e l a t i v e  t o  t h e  h u t  and 601  d u r i n g  t h e  summer of  1 9 6 7 - i s  i n  f a c t  - 
due  t o  an u p l i f t  o f  t h e  n o r t h e r n  p a r t  o f  S u r t s e y .  

C o n c l u s i o n  - 
The S u r t s e y  l a v a  was de fo rming  q u i t e  r a p i d l y  d u r i n g  t h e  summer 

o f  1967 .  Most o f  i t  s u b s i d e d  r e l a t i v e  t o  benchmark 601  which  is  

l o c a t e d  n e a r  t h e  n o r t h e r n  edge  o f  t h e  l a v a ,  e a s t  o f  t h e  t u f f  moun-. 

t a i n  formed d u r i n g  t h e  f i r s t  pliase o f  t h e  S u r t s e y  e r u p t i o n  i n  1963-.  

6 4 .  C e r t a i n  p o r t i o n s  o f  t h e  l a v a  (benchmarks 608,  617 ,  6 1 9 ,  625)  

s u b s i d e d  more r a p i d l y  t h a n  o t h e r  a r e a s ,  p r o b a b l y  due t o  s low p l a s t i c  

f low o f  t h e  h o t  l a v a ,  and t h e  s u b s i d e n c e  r a t e  of  t h e  l a v a  was m o s t l y  

h i g h e r  i n  e a r l y  August t h a n  e a r l i e r  i n  t h e  summer. 

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

622 t h r o u g h  640 l i e ,  a p p e a r s  t o  have s t a r t e d  t o  s u b s i d e  a s  o n e  b l o c k  

i n  e a r l y  August 1967 .  These  benchmarks a r e  a l l  w i t h i n  500 m e t e r s  



d i s t a n c e  from t h e  l a v a  c r a t e r  o f  1964-65 w h i l e  ,311 o t h e r  benchn.arks  

o n  t h e  l e v e l l i n g  p r o f i l e  a r e  f a r t h e r  away from t h i s  c r a t e r -  T h i s  

migh t  i n d i c a t e  a  b e g i n n i n g  o f  t h e  f o r m a t i o n  o f  s c a l d e r a - l i k e  

d e p r e s s i o n  o f  r o u g h l y  500 m e t e r s  r a d i . u s .  c e n t e r e d  n e a r  t h e  c r a t e r ,  

L e v e l l i n g  on t h e  n o r t h e r n  p a r t  o f  S u r t s e y  i n d i c a t e s  t h a t  bench-.  

mark 6 0 1  was u p l l f t e d  r e l a t i v e  t o  s e a  l e v e l  d u r l n g  t h e  5 0  f i ? - I :  between  

t h e  f i r s t  and l a s t  l e v e l l i n g ,  T h i s  u p l i f t  may -mount t o  abou t  l o  

c e n t i m e t e r s .  

T h i s  r e s e a r c h  was p a r t l y  s u p p o r t e d  by t h e  N ~ t i o n a l  S c i e n c e  

F o u n d a t i o n  g r a n t  GP-5365 and p a r t l y  by t h e  S u r t s e y  R e s e a r c h  S o c i e t y .  



TABLE I - 

ELEVATION O F  THE SURTSEY PROFILE AND CHANGES I N  MEASURED ELEVATION 

Benchmark    lev a t  ion* 
m e t e r s  -- 

DH (1)"* 
m i l l i m e t e r s  

A v e r a g e  d a i l y  r a t e  
of  e l e v a t i o n  c h a c e e s  - 

i n  mi l l imeters  
,X%X 



- TABLE I - Cont inued  

ELEVATION OF THE SURTSEY PROFILE AND CHAEGES I N  MEHSLXED ELEVATION 

Average d a i l y  r a t e  

H E l e v a t i o n  a s  measured June  2 1  t o  2 2 ,  1967.  above benchmark 601  

w% DH ( 1 )  is t h e  change o f  measured e3 .eva t ion  from June  2 1  - 2 6  

t o  August 9 - 1 0  assuming no movement of  601 .  

DH ( 2 )  i s  t h e  change from August 9  - -  1 0  t o  August 1 0  - 11 

Minus s i g n  means s u b s i d e n c e  r e l a t i v e  t o  6 0 1 .  

XHH A c o v e r s  t h e  p e r i o d  June  2 1  - 22 t o  August 9 - 10 

R c o v e r s  p e r i o d  August 9 - 1 0  t o  August 11 - 12 



TABLE 2 

DIFFERENCE I N  ELEVATIONS ON NORTHERN SURTSEY 

June 23 ,  1967 August 13, 1967 
cm cm 

H (601)  - H(S - Pond) 

H ( D o o r s t e p )  - H ( S  - Pond) 

H ( S  - Pond)-H ( N  - Pond) 

H ( 0 0 0 )  - H CN - Pond) 

H ( D o o r s t e p )  - H ( N  - Pond) 

H (601)  - B (N - Pond. 

H (Marker - 0)  - H !N - Pond) 

H ( 6 0 1 )  - H ( D o o r s t e p )  

H (601)  - H (Marker  - 0 )  

H (Marker - 0 ) - H IS-  Pond) 

H ( D o o r s t e p )  - H (Marker  - 0)  

H (601)  is t h e  e l e v a t i o n  o f  benchmark numbered 601 

H ( S  - Pond) is t h e  s u r f a c e  e l e v a t i o n  o f  t h e  s o u t h e r n  pond ( D r o p i )  

H (N - Pond) is t h e  a v e r a g e  s u r f a c e  e l e v a t i o n  of  a t i d a l  pond 

n e a r  t h e  n o r t h  c o a s t  o f  S u r t s e y  

B ( D o o r s t e p )  i s  t h e  e l e v a t i o n  o f  t h e  d o o r s t e p  of  t h e  r e s e a r c h  hu t  

H f000)  is t h e  e l e v a t i o n  0.f t o p  of  g a l v a n i z e d  p i p e  marking  t h e  

z e r o  p o i n t  o f  t r i a n g u l a t i o n  g r i d  i n  S u r t s e y  

H (Marker  - 0) is t h e  e l e v a t i o n  of  a b r a s s  n a i l  p l a c e d  i n  l a v a  

a b o u t  one  me te r  e a s t  o f  n o r t h  end o f  t h e  s o u t h e r n  

pond 



TABLE 3 

TIDAL OBSERVATIONS I N  THE NORTHERN POND ON SURTSEY 

August  9 - 1 2 !  1967  

Time o f  h i g h  
o r  low t i d e  

I n  pond I n  Ocean 

d h m  d h  m 

H e i g h t  o f  
t i d e  i n  pond 

D e l s y  o f  
pond -- t i d e  













G E O C H E M I S T R Y  



- 
ABSTRACT 

C o l l e c t i o n  and A n a l y s i s  o f  V o l c a n i c  Gases  a t  S u r t s e y  

by 

Gudmundur E . S i g v a l d  a s o n  and Gunnlaugur  E l i s s o n  
I n d u s t r i a l  R e s e a r c h  and Development I n s t i t u t e  

R e y k j a v i k ,  I c e l a n d  

W i l l  b e  p u b l i s h e d  i n :  Geochimica  e t  Cosmochimica A c t a ,  1968 

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

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

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

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

w i t h i n  t h e  e r u p t i n g  c r a t e r  o r  i n  i t s  immedia te  v i c i n i t y  a r e  b e l i e v e d  

t o  r e p r e s e n t  t h e  i n i t i a l  d e g a s s i n g  s t a g e  o f  t h e  magma. L a t e r  d e -  

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

d i s t a n c e s  f rom t h e  c r a t e r .  I t  is c o n c l u d e d  t h a t  h y d r o g e n ,  w a t e r  and 

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

d e g a s s i n g  s t a g e  b u t  s u l p h u r  components  show a  r e l a t i v e  i n c r e a s e  

a s  d e g a s s i n g  p r o c e e d s .  - 
* 

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

s a m p l e s  i s  a s  f o l l o w s :  H:O:Cl:  S :  S :N;  1 7 6 :  1 0 0 : 0 . 4 0 : 2 . 5 8 : 5 ~ 8 5 : 0  135 .  



Water  S o l u b l e  L e a c h a t e  o f  V o l c a n i c  Ash from S u r t s e y  

by 
Gudmundur S i g v a l d a s o n  

The I n d u s t r i a l  R e s e a r c h  and Development I n s t i t u t e  

and 

S t u r l a  F r i d r i k s s o n  
The A g r i c u l t u r a l  R e s e a r c h  I n s t i t u t e  

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

and t h e  n o r t h e r n  s l o p e s  o f  S u r t s e y .  T h i s  s u b s t r a t e  was formed d u r i n g  

t h e  f i r s t  p h a s e  o f  t h e  e r u p t i o n  when t e p h & a  was e r u p t e d  from t h e  

s u b m a r i n e  c r a t e r  and p i l e d  up i n  a  cone  shaped  i s l a n d .  T h i s  s u b s t r a t e  

was t h e r e f o r e  c o n t i n u o u s l y  mixed w i t h  o c e a n  w a t e r  a s  i t  was b e i n g  

formed,  and i n  1 9 6 6 ,  when t e s t e d  f o r  s o l u b l e  m i n e r a l  c o n t e n t ,  i t  

s t i l l  had a  h i g h  s a l t  c o n t e n t .  

No g r o w t h  h a s  s o  f a r  s t a r t e d  on  t h i s  s u b s t r a t e ,  p o s s i b l y  due  

p a r t l y  t o  t h e  h i g h  s a l i n i t y  ( 0 . 7  g  NaC1/1 k g )  and t h e  l a r g e  amount 

o f  CaS04. 

A s a m p l e  of 6  k g  was c o l l e c t e d  from a  20 c m  t h i c k  s u r f a c e  

l a y e r  a p p r o x i m a t e l y  80 m above s e a l e v e l  on  t h e  n o r t h e r n  s l o p e  o f  

t h e  i s l a n d .  

The t o t a l  s ample  was l e a c h e d  t h o r o u g h l y  w i t h  d i s t i l l e d  w a t e r .  

A l t o g e t h e r  7 . 2 9  g  o f  d i s s o l v e d  s a l t  were  found i n  t h e  l e a c h a t e ,  An 

a n a l y s i s  o f  t h e  l e a c h a t e  is p r e s e n t e d  i n  T a b l e  I .  

The b a l a n c e  be tween  c a t i o n s  ( 1 2 4 , 5  e q v . )  and a n i o n s  ( 1 1 6 . 5  e q v . 1  

is  f a i r .  

Assuming t h a t  t h e  r e a c t i o n s  be tween  t h e  t u f f a c e o u s  m a t e r i a l  and 

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

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

( T a b l e  I ) .  



A n a l y s i s  o f  l e a c h a t e  o f  a s h  f rom S u r t s e y  

compared w i t h  s e a  w a t e r  

L a r g e  amount o f  CaS04 i n  e x c e s s  o f  CaS04 i n  normal  s e a  w a t e r  

i n d i c a t e s  t h a t  s e a  h a s  been  s p r a y e d  r e p e a t e d l y  o v e r  t h e  a s h .  T h i s  
* 

s e a  w a t e r  h a s  e v a p o r a t e d  and p r e c i p i t a t e d  CaS04 which  h a s  n o t  b e e n  

l e a c h e d  o u t  a g a i n  t o  t h e  same e x t e n t  a s  o t h e r  components  d u r i n g  

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

t o  s e a  w a t e r  i s  found i n  o t h e r  components  s u c h  a s  Ma, K and Mg. 

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

o u t  o f  t h e  r o c k s .  



G E O P H Y S I C S  



P r e l i m i n a r y  Repor t  on  

M e t e o r o l o a i c a l  O b s e r v a t i o n s  i n  S u r t s e v  1967 

by 

Hlynur  S i g t r y g g 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  Off  i c e ,  R e y k j a v i k  

O b s e r v a t i o n s  o f  t e m p e r a t u r e ,  wind and g e n e r a l  w e a t h e r  c o n d i t i o n s  

were begun on A p r i l  1st and c o n t i n u e d  u n t i l  Sep tember ,  They were  f a r  

f rom c o n t i n u o u s ,  however ,  and a v e r a g e s  c a n  n o t  b e  based  on  them, b u t  

t h e y  may s e r v e  a s  a  b a s i s  f o r  c o m p a r i s o n  be tween  w e a t h e r  c o n d i t i o n s  

o n  S u r t s e y  and o n  S t 6 r h o f d i ,  and t o  make s D m e  i n f e r e n c e  r e g a r d i n g  t h e  

c l i m a t e  o f  S u r t s e y ,  

On J u n e  3 0 t h  t h e  f o l l o w i n g  i n s t r u m e n t s  were i n s t a l l e d :  

1, Automa t i c  R e g i s t e r i n g  S t a t i o n ,  wh ich  r e g i s t e r e d  wind d i r e c t i o n  

and s p e e d ,  t e m p e r a t u r e  and r a i n f a l l ,  The s t a t i o n  was i n s t a l l e d  

on t h e  w e s t e r n  p a r t  o f  t h e  i s l a n d  s o u t h  o f  B 6 n d i -  The s t a t i o n *  

was o p e r a t i v e  t h r o u g h  J u l y ,  

2  Therrno - Hygrograph  was i n s t a l l e d  i n  a  s p e c i a l  s h e l t e r  above 

t h e  h u t ,  I t  was o p e r a t i v e  u n t i l  September  2 0 t h "  
* 

3 -  S o i l  t h e r m o g r a p h  was i n s t a l l e d  n e a r  t h e  h u t .  Measu r ing  e l e m e n t s  

were a t  5 and 2 0  c m  d e p t h s -  I t  was o p e r a t e d  u n t i l  September  2 0 t h .  

4 .  B a r o g r a p h  was i n s t a l l e d  i n  t h e  h u t "  I t  was i n t e n d e d  t h a t  i t  

s h o u l d  r e g i s t e r  e x p l o s i o n s  f rom t h e  e r u p t i o n ,  b u t  i t  d i d  n o t  

f u l f i l  t h i s  p u r p o s e ,  s i n c e  t h e  e r u p t i o n  s t o p p e d  b e f o r e  t h e  

i n s t a l k a t i o n . ,  The b a r o g r a p h  was n o t  w e l l  s u i t e d  f o r  t h i s  

p u r p o s e  anyway, s i n c e  i t  had a n  e f f e c t i v e  damping d e v i c e ,  

P r e l i m i n a r y  s u r v e y  o f  t h e  o b s e r v a t i o n  m a t e r i a l  shows t h a t  t h e  

g e n e r a l  c l i m a t e  o f  S u r t s e y  i s  v e r y  s i m i l a r  t o  S t 6 r h o f d i ,  The  mean 

t e m p e r a t u r e  d i f f e r e n c e  amounts t o  0 , 9 ° ~  i n  A p r i l  and 0 , 5  - 0 . 6 ' ~  i n  

June  and J u l y ,  w h i c h  is  r o u g h l y  what c o u l d  b e  e x p e c t e d  from d i f f e r -  

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

warmer i n  S u r t s e y ,  

Us ing  o b s e r v a t i o n s  on S u r t s e y  and S t 6 r h o f d i  t h e  mean t e m p e r a t u r e  



f o r  t h e  s p r i n g  and summer months  o f  1967 i s  a s  f o l l o w s  i n  S u r t s e y :  

A p r i l  3  1°c 
May 6 - 0  O' 

J u n e  8 . 3  " 
J u l y  9 . 8  " 
August 1 0 . 3  " 

September  9 . 1  " 

The main c h a r a c t e r i s t i c s  o f  t h e  a i r  t e m p e r a t u r e  i s  t h e  s m a l l  

d a i l y  a m p l i t u d e ,  3 - ~ O C  b e i n g  a  c h a r a c t e r i s t i c  a m p l i t u d e  on  sunny 

d a y s ,  and 1 - 2Oc on  o v e r c a s t  d a y s .  T h i s  is  c l e a r l y  c a u s e d  by t h e  

p r o x i m i t y  o f  t h e  s e a ,  

P r e c i p i t a t i o n  v a l u e s  a t  S u r t s e y  s u f f e r  from t h e  same s h o r t -  

comings  a s  o t h e r  o b s e r v a t i o n s ,  t h e y  a r e  n o t  c o n t i n u o u s ,  e x c e p t  f o r  

J u l y ,  when t h e  a u t o m a t i c  s t a t i o n  was o p e r a t i n g ,  The s t a t i o n  had t h e  

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

t h a t  a s  p r e c i p i t a t i o n .  Dur ing  J u l y  i t  was n o t  d i f f i c u l t  t o  d i s t i n g u i s h  

t h e  l i t h o m e t e o r  f rom t h e  h y d r o m e t e o r s ,  b u t  i t  might  p r o v e  t r o u b l e s o m e  

o n  o t h e r  o c c a s i o n s ,  

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

43 .0  m i l l i m e t e r s .  I n  t h e  same month S t 6 r h o f d i  r e g i s t e r e d  a  r a i n f a l l  

o f  5 4 , 9  mm, Wi th  few e x c e p t i o n s  t h e  v a r i o u s  i n t e r v a l s  o f  o b s e r v a t i o n s  

i n  A p r i l  t h r o u g h  June  i n  S u r t s e y  showed t h e  same g e n e r a l  t e n d e n c y ,  

i . e ,  c o n s i d e r a b l y  less p r e c i p i t a t i o n  i n  S u r t s e y  t h a n  on S t 6 r h o f d i 9  

most  o f  t h e  S u r t s e y  v a l u e s  r a n g i n g  from 6 0  t o  80% o f  t h e  c o r r e s p o n d -  

i n g  v a l u e s  a t  S t 6 r h o f d i .  T h i s  g e n e r a l  t r e n d  was r e v e r s e d ,  however ,  

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

The p r e c i p i t a t i o n  a t  S t 6 r h o f d i  i n - 1 9 6 7  i s  a s  f o l l o w s :  

Month 

Apr i 1 

J u n e  l 4 9 , 8  

J u l y  5 4 . 9  

August 8 4 . 3  

September  9 7 ,  4  



Dur ing  J u l y ,  when t h e  a u t o m a t i c  s t a t i o n  was i n  a p e r a t i o n ,  t h e  

mean wind speed  was measured  4 , l  m/sec,  a t  two m e t e r s  above  t h e  ground.  

The c o r r e s p o n d i n g  f i g u r e  a t  S t b r h o f d i  is  6 , ~  9 m/sec. a t  9  m e t e r s  above 

t h e  g r o u n d ,  

I f  i t  is  assumed t h a t  t h e  wind s p e e d  a t  2  m e t e r s  h a s  t o  b e  i n -  

c r e a s e d  by 25% t o  g e t  a  f i g u r e  comparab le  t o  t h e  speed  a t  9 meters,  

t h e  wind s p e e d  a t  S u r t s e y  would b e  5 . 1  m/sec-  which  i s  o n l y  s l i g h t l y  

h i g h e r  t h a n  t h e  wind o b s e r v e d  i n  t h e  same month a t  some s t a t i o n s  on 

t h e  s o u t h  c o a s t  o f  I c e l a n d  (Mfra r  4 . 6 ,  E y r a r b a k k i  4 . 8  m/sec, ) ,  

I n  marked c o n t r a s t  w i t h  t h e  a i r  t e m p e r a t u r e  t h e  s o i l  thermo-  

m e t e r s  show a  v e r y  pronounced  d a i l y  a m p l i t u d e ,  a  1 0 - 1 2 ' ~  d i f f e r e n c e  

b e i n g  t y p i c a l  on a  sunny day i n  J u l y  a t  5 c m  d e p t h  and 2 - 5  - 3 .  o°C 
0 

a t  2 0  c m  d e p t h ,  The c o r r e s p o n d i n g  f i g u r e s  on  a  c l o u d y  day  a r e  4  C 
0 

and 1 C  o r  l e s s ,  The mean t e m p e r a t u r e  o f  t h e  s o i l  i n  J u l y  i s  con-  

s i d e r a b l y  h i g h e r  t h a n  o f  t h e  a i r ,  t h e  mean t e m p e r a t u r e  a t  5  c m  d e p t h  

is  1 4 , 2 O ~  b u t  12.7OC a t  2 0  c m ,  

The c o r r e s p o n d i n g  f i g u r e s  a t  R e y k j a v i k  a r e  1 1 , 2 ° ~  and 9.g°C, i n  

a  p l o t  w i t h o u t  v e g e t a t i o n ,  The v e r t i c a l  t e m p e r a t u r e  g r a d i e n t  is  t h e r e -  

f o r e  g r e a t e r  a t  S u r t s e y  t h a n  a t  R e y k j a v i k ,  and one  may t h e r e f o r e  

assume t h a t  t h e  v o l c a n i c  h e a t  i n  S u r t s e y  is q u i t e  i n s i g n i f i c a n t  a t  w 

t h e  s p o t  where  t h e  s o i l  measurements  were made, 

S o i l  t e m p e r a t u r e  and i t s  d a i l y  a m p l i t u d e  d e c r e a s e s  s l o w l y  i n  

August and e a r l y  September  ,~ When t h e  o b s e r v a t i o n s  were  d i s c o n t i n u e d  

l a t e  i n  September , ,  t h e  mean t e m p e r a t u r e  a t  5  c m  d e p t h  was c l o s e  t o  

g O c  and t h e  d a i l y  r a n g e  1 t o  2 d e g r e e s .  A t  2 0  cm d e p t h  t h e  c o r r e -  

s p o n d i n g  f i g u r e s  were  8 O C  and ~ J ~ O C ,  

A l though  t h e  above  f i n d i n g s  a r e  based  on d i s c o n t i n u o u s  o b s e r v a -  

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

do n o t  d e v i a t e  much from t h o s e  o f  S t 6 r h o f d i 9  and d e v i a t i o n  c a n  b e  

i n f e r r e d  from w e l l  known p r i n c i p l e s . . ,  ( P r e c i p i t a t i o n  is  a  p o s s i b l e  

e x c e p t i o n  t o  t h i s ) ,  The m i c r o c l i m a t e  o f  t h e  i s l a n d  seems t o  b e  q u i t e  

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

s a n d  where  new v e g e t a t i o n  is most  l i k e l y  t o  a p p e a r .  

I n  t h e  f u t u r e  i t  i s  t h e r e f o r e  i n t e n d e d  t o  c o n t i n u e  some 

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

on  m i c r o c l i m a t i c  o b s e r v a t i o n s ,  
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S c a l e  and e x t e n t  o f  s u r v e y  was s p e c i f i e d  by t h e  I c e l a n d i c  

Hydrograph ic  S e r v i c e  w h i l e  t h e  e x e c u t i o n  o f  t h e  work was w h o l l y  t h e  

r e s p o n s i b i l i t y  o f  t h e  o f f i c e r  i n  c h a r g e ,  - u s i n g  c o n v e n t i o n a l  B r i t i s h  
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I c e l a n d i c  C o a s t  Guard v e s s e l  THOR, which  was a t  t h e  same t i m e  engaged 

i n  h y d r o g r a p h i c  work w e s t  o f  t h e  Westman I s l a n d .  

Some p r e l i m i n a r y  work had b e e n  c a r r i e d  o u t  by t h e  I c e l a n d i c  

Hydrograph ic  S e r v i c e ,  i .  e .  l o c a t i o n  o f  s u r v e y  marks on S u r t s e y  and 

i n s t a l l m e n t  o f  a  t i d e  gauge i n  Heimaey h a r b o u r .  

S c a l e  o f  s u r v e y  was 1 : 1 0 0 0 0 .  Sound ings  i n  f a thoms  and f e e t  

r e d u c e d  t o  mean low w a t e r  s p r i n g s .  

Area c o v e r e d  was a p p r o x i m a t e l y  6  s q u a r e  n a u t i c a l  m i l e s  o r  a  

b e l t  o f  c a  1 n a u t i c a l  m i l e  i n  w i d t h  a round t h e  i s l a n d  from c l o s e  

i n s h o r e  o u t  t o  a d e p t h  o f  a b o u t = 7 0  f a t h o m s .  





Cont inued  Geomagnet ic  and S e i s m i c  Measurements  on S u r t s e y  

by 
T h o r b j o r n  S i g u r g e i r s s o n  

U n i v e r s i t y  o f  I c e l a n d ,  S c i e n c e  I n s t i t u t e  

Geomagnet ic  measu remen t s -  

Magne t i c  f i e l d  measu remen t s  were  c o n t i n u e d  a t  t h e  s t a t i o n s  

S u r t s e y  I ,  I1 and 111. F i e l d  i n t e n s i t y  measurements  were c a r r i e d  

o u t  w i t h  t h e  same p r o t o n  p r e c e s s i o n  magnetometer  a s  b e f o r e  and t h e  

r e s u l t s  a r e  l i s t e d  i n  T a b l e  I b  ( F i e l d  i n t e n s i t y  i n  gammas). 

T a b l e  I 

S t a t i o n  D a t e  U,T. F  F ( ~ e i r v .  IAF  
S u r t s e y  I 1967 J u l y  1 1 0 : 2 4  51328 51042 286  

S u r t s e y  I 1968  March 19 1 6 : 3 0  51411 51191 2 2 0  

S u r t s e y  I1 1968 March 1 9  1 5 : 4 7  51609 51172 43 7  

S u r t s e y  I11 1967 J u l y  1 0 9 : 3 0  48767 50982 -2215 

1 . 2 8  m above  g round .  
% 

The H o r i z o n t  a 1  component and d e c l i n a t i o n  were  measu red  a t  

S u r t s e y  I1 w i t h  a  QHM magne tome te r .  The r e s u l t s  a r e  g i v e n  i n  T a b l e  11, 

T a b l e  I1 

S u r t s e y  11, 1967  J u l y  1, 1 1 : 3 0  U,T.  

H D H ( L e i r v . )  D ( L e i r v . )  / ) H  a D 

12953 337'04:4 12124  337O05 :1 829 -0 :7  

F i e l d  i n t e n s i t y  measu remen t s  were  a l s o  made a t  S u r t s e y  I1 on 

J u n e  3 0 ,  1 9 6 7 ,  b u t  t h e  g e o m a g n e t i c  f i e l d  was t o o  d i s t u r b e d  f o r  a  

r e l i a b l e  d e t e r m i n a t i o n .  

~ h e . . d  H and . / l D  v a l u e s  o f  S u r t s e y  I1 measured on J u l y  1 a r e  

t h e  same a s  t h o s e  measured on S e p t .  1 2 ,  1964 .  

T o t a l  f i e l d  i n t e n s i t y ,  o n  t h e  o t h e r  hand ,  is  d e c r e a s i n g  a t  



a l l  s t a t i o n s .  F i g .  1 shows ,d F  v a l u e s  f o r  S u r t s e y  I and S u r t s e y  I1 

s i n c e  1 9 6 4 .  The p l o t  f o r  S u r t s e y  I shows t h a t  t h e  f i e l d  is s t i l l  

d e c r e a s i n g  and p r o b a b l y  w i l l  go  on d e c r e a s i n g  f o r  some y e a r s  t o  come. 

T h i s  means t h a t  t h e  m a g n e t i c  a n o m a l i e s  c a u s e d  by t h e  l a v a  i n  S u r t s e y  

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

f o r  some t i m e .  

F i g .  2  i s  a  t o t a l  f i e l d  i n t e n s i t y  map from t h e  a e r o m a g n e t i c  

s u r v e y  wh ich  was c a r r i e d  o u t  f rom a  h e l i c o p t e r  on  August 31, 1965 

a t  an a l t i t u d e  o f  200  m .  The r e a d i n g s  have  b e e n  c o r r e c t e d  f o r  t i m e  

v a r i a t i o n s  i n  t h e  geomagne t i c  f i e l d  by u s i n g  r e c o r d i n g s  from L e i r -  

vogur  Geomagnet ic  O b s e r v a t o r y  and r e f e r  t o  mean v a l u e s  f o r  t h e  f i e l d  

i n t e n s i t y .  The m a g n e t i c  map shows p o s i t i v e  anomaly o v e r  t h e  s o u t h e r n  

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

S e i s m i c  measu remen t s  

The m a g n e t i c  t a p e  se i smomete r  was o p e r a t e d  on S u r t s e y  from 

J u l y  7 t h  t o  September  2 9 t h  w i t h  some i n t e r r u p t i o n s .  T h r e e  d e t e c t o r s  

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

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

o n e  i n  t h e  s o u t h e a s t e r n  p a r t .  D i s t a n c e  be tween  t h e s e  s t a t i o n s  was 

a b o u t  1 km. Time s i g n a l s  were  r e c e i v e d  from t h e  B r i t i s h  s t a t i o n  

MSF on  6 0  kHz. 

From O c t .  2 0 t h ,  1 9 6 7 ,  t o  March 1 0 ,  1 9 6 8 ,  a s i n g l e  component 

s e i s m o m e t e r  was o p e r a t e d  on  S u r t s e y  c o n n e c t e d  t o  a  0 . 1  W UHF 

t r a n s m i t t e r  wh ich  t r a n s m i t s  t h e  s i g n a l  o v e r  a  d i s t a n c e  o f  2 0  km 

t o  a  r e c e i v e r  i n  t h e  Westman I s l a n d s .  The b a t t e r y  powered se i smo-  

meter and t r a n s m i t t e r  have  o p e r a t e d  u n a t t e n d e d  f o r  1 0  weeks.  From 

t h e  Westman I s l a n d s  t h e  f r e q u e n c y  modu la t ed  s i g n a l  g o e s  t o  Reykja-  

v i k  v i a  a  VHF t e l e p h o n e  c h a n n e l  which  t h e  I c e l a n d i c  Te lephone  

A u t h o r i t y  h a s  p u t  a t  o u r  d i s p o s a l  f o r  t h i s  p u r p o s e .  I n  R e y k j a v i k  

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

s e i s m i c  o b s e r v a t o r y  o p e r a t e d  by t h e  M e t e o r o l o g i c a l  O f f i c e .  

Through t h e  k i n d  i n v i t a t i o n  o f  t h e  U n i v e r s i t y  o f  Cambr idge ,  

E n g l a n d ,  we have  been  a b l e  t o  u s e  t h e i r  m a g n e t i c  t a p e  equipment  

t o  r e p r o d u c e  on  p a p e r  t h e  m a g n e t i c  t a p e  r e c o r d s  f rom 1966,  F i 1 , l i . c .  



Ragnar  S t e f i i n s s o n  h a s  c o n d u c t e d  t h e  p l a y b a c k  r e p r o d u c t i o n  and is 

engaged  i n  e v a l u a t i n g  t h e  r e s u l t .  T h e s e  r e c o r d s  c o n t a i n  a  l a r g e  

number o f  e a r t h q u a k e s  wh ich  seem t o  come from a  d e p t h  o f  4-5 km, 

P e r i o d i c  t r e m o r s  a r e  a l s o  f r e q u e n t ,  and seem t o  r e f l e c t  p u l s a t i o n s  

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

n o t  been  c o m p l e t e d .  

The m a g n e t i c  t a p e  r e c o r d s  f rom 1967  have  n o t  y e t  b e e n  r e p r o -  

duced  o n  p a p e r ,  b u t  t h i s  w i l l  s oon  b e  done  a s  we a r e  a c q u i r i n g  

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

The t e l e m e t e r e d  s e i smograms  o n l y  show v e r y  weak e a r t h q u a k e s  

o n  S u r t s e y  l a s t  w i n t e r .  Some t r e m o r s  a r e  p r e s e n t , b u t  i t  is  n o t  y e t  

c l e a r  i f  t h e s e  o r i g i n a t e  unde rg round  o r  & e  d u e  t o  wind and waves .  







A n a l y s i s  o f  1966  I n f r a r e d  Imagery o f  S u r t s e y ,  I c e l a n d  X )  
P 

R i c h a r d  S .  W i l l i a m s ,  J r . ,  A i r  F o r c e  Cambridge R e s e a r c h  h a b s .  , 
B e d f o r d ,  M a s s a c h u s e t t s  

J u l e s  D ,  F r i edman ,  U ,  S .  G e o l o g i c a l  S u r v e y ,  Wash ing ton ,  D .  C. 
S i g u r d u r  Thor  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  
T h o r b j o r n  S i g u r g e i r s s o n ,  U n i v e r s i t y  o f  I c e l a n d ,  S c i e n c e  I n s t i t u t e ,  

Reyk j a v i k  
Gudmundur P s l m a s o n ,  N a t i o n a l  Energy  A u t h o r i t y ,  R e y k j a v i k  

I n  August 1966 t h e  A i r  F o r c e  Cambridge R e s e a r c h  L a b o r a t o r i e s ,  

i n  c o o p e r a t i o n  w i t h  t h e  UeS ,  G e o l o g i c a l  S u r v e y ,  t h e  N a t i o n a l  Energy 

A u t h o r i t y  and t h e  I n f r a r e d  P h y s i c s  L a b o r a t o r y  o f  t h e  U n i v e r s i t y  o f  

Mich igan ,  u n d e r t o o k  t h e r m a l  i n f r a r e d  imagery s u r v e y s  o f  s e l e c t e d  

s i t e s  i n  I c e l a n d  ( F i g u r e  1 ) .  F r i edman ,  e t  a 1  (1967)  d e s c r i b e d  t h e  

i n s t r u m e n t a t i o n  used  d u r i n g  t h e s e  s u r v e y s  and p r e s e n t e d  some p r e -  

l i m i n a r y  r e s u l t s  o f  t h e s e  s u r v e y s ,  

T h i s  r e p o r t  summar izes  t h e  most  i m p o r t a n t  r e s u l t s  o f  t h e  

s t u d y  o f  t h e  t h e r m a l  r e g i m e  o f  S u r t s e y .  I n c l u d e d  i n  t h i s  summary 

a r e  a  d i s c u s s i o n  o f  s u r f a c e  t e m p e r a t u r e  and r a d i o m e t r i c  t e m p e r a t u r e  

o b s e r v a t i o n s  b a s e d  on ground and a i r b o r n e  measurements  and a n  

a n a l y s i s  o f  t h e  e f f e c t i v e  r a d i a n c e  r e c o r d e d  by t h e  Nimbus I1 

s a t e l l i t e ,  \ 

1. Ground and A i r b o r n e  S u r f  a c e  T e m p e r a t u r e  and R a d i o m e t r i c  

T e m p e r a t u r e  O b s e r v a t i o n s  

Measurements  o f  g round-  and s e a - s u r f a c e  t e m p e r a t u r e s  d u r i n g  

t h e  S u r t u r  I e f f u s i v e  e r u p t i o n  were made on 27  August 1 9 6 6 .  The s e a -  

s u r f a c e  t e m p e r a t u r e  t r a v e r s e  was made from t h e  I c e l a n d i c  s h i p  

L ~ D S I W  be tween  G e i r f u g l a s k e r  and S u r t s e y  ( r e f e r  t o  I n d e x  map o f  

Vestnlannaeyj  a r  A r c h i p e l a g o ,  F i g u r e  2 )  w i t h  a  B a r n e s  IT-3 f i x e d -  

T h i s  r e p o r t  fo rms  a  p a r t  o f  a  p a p e r  p r e s e n t e d  a t  t h e  XIVTH 

Gen. Assembly o f  t h e  IUGG (IAV S e c t i o n )  i n  Zi i r ich ,  S w i t z e r l a n d  

i n  O c t o b e r  1967  and c o n t a i n s  e x c e r p t s  from a  f o r t h c o m i n g  pape r  

e n t i t l e d ,  " I n f r a r e d  Survey  o f  S u r t s e y  , I c e l a n d P ' ,  by t h e  same 

a u t h o r s ,  



f i e l d  r a d i o m e t e r  s e n s i t i v e  t o  e m i t t e d  r a d i a t i o n  i n  t h e  8-13,/ ,wave- 

l e n g t h  r e g i o n .  A mean r a d i o m e t r i c  t e m p e r a t u r e  o f  1 2 ' ~  was o b t a i n e d  

be tween  2 and 4 p . m ,  w i t h  some f l u c t u a t i o n  d u r i n g  p e r i o d s  o f  r o u g h  

s e a  T h i s  t e m p e r a t u r e  l e v e l  is m o d e r a t e l y  c o n s i s t e n t  w i t h  mean 

s e a - s u r f a c e  t e m p e r a t u r e  r e c o r d s  f o r  August o f  11. 5OC f o r  t h e  V e s t -  

mannaey ja r  A r c h i p e l a g o  ( F i g u r e  3 )  and w i t h  t h e  r a d i o m e t r i c  t e m p e r a -  

t u r e  r a n g e  o f  7 - 1 7 ' ~  d e r i v e d  from t h e  Nimbus I1 HRIR s c a n - l i n e  

p r o f i l e s  o f  e f f e c t i v e  r a d i a n c e  ( F i g u r e  l o ) ,  

0 A d i u r n a l  maximum s u r f a c e - t e m p e r a t u r e  o f  13 C was r e g i s t e r e d  

by t h e  IT-3 f o r  t e p h r a  s u r f a c e s  ( a s h f a l l  m a t e r i a l s  fo rming  t h e  r i m s  

o f  S u r t u r  I and 11). A r a d i o m e t r i c  t e m p e r a t u r e  o f  30°@ was o b t a i n e d  

by t h e  same i n s t r u m e n t  i n t e g r a t i n g  a  t r a p e z o i d a l  a r e a  o f  s e v e r a l  

hundred  s q u a r e  meters a c r o s s  t h e  c o n g e a l e d  l a v a  l a k e  and c r a t e r  

w a l l s  o f  S u r t u r  I1 f rom a  d i s t a n c e  o f  more t h a n  a  hundred meters. 

T h i s  t e m p e ~ a t u r e  p r o b a b l y  r e s u l t e d  f rom t h e  i n t e g r a t i o n  o f  h i g h  

t e m p e r a t u r e s  due  t o  c o n v e c t i v e  v e n t i n g  from s e v e r a l  l a r g e  f r a c t u r e s  

and f u m a r o l e s  n o t e d  on p h o t o g r a p h s  and i n f r a r e d  images  o f  S u r t u r  11 

and lower  s u r f a c e  t e m p e r a t u r e s  o f  b a s a l t  s c o r i a  and l a v a  c r u s t ,  

I n f r a r e d  i m a g e - d e n s i t y  v a r i a t i o n s  i n d i c a t e  t h a t  s u r f a c e  t e m p e r a -  

t u r e s  w i t h i n  t h e  S u r t u r  11 c r a t e r  a r e a  v a r i e d  from p l a c e  t o  p l a c e  

d u r i n g  t h e  e r u p t i v e  a c t i v i t y  i n  S u r t u r  X i n  August 1966 .  A t e m p e r a -  

t u r e  o f  1 1 3 0 - 1 1 4 0 ~ ~  w a s  r e g i s t e r e d  f o r  h i g h l y  f l u i d  i n c a n d e s c e n t  

o l i v i n e  b a s a l t  l a v a  19-22 Augus t ,  1966  by  S i g u r g e i r s s o n  (196'7) 

u s i n g  a 10-m N i C r / M i A l  P y r o t e n a x  t h e r m o c o u p l e .  

S e v e r a h  d a y s  a f t e r  t h e  l a s t  r e p o r t e d  e x p l o s i v e  p u l s e  f rom 

J 6 l n i r  s c r a t e r  o n  1 0  August 1966 ,  T h o r a r  i n s s o n  e s t i m a t e d  t h e  w a t e r  

t e m p e r a t u r e  a t  t h e  e d g e  o f  t h e  J 6 l n i r  c r a t e r  l a k e  t o  b e  40-50°@. 

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

a b l e  on  t h e  i n f r a r e d  i m a g e s ,  a r e  u s e f u l  i n  establish,!ng a g e n e r a l  

c o r r e l a t i o n  ( F i g u r e  4 )  r e l a t i n g  image e m u l s i o n  d e n s i t y  and s u r f a c e  

t e m p e r a t u r e  a s  g i v e n  i n  T a b l e  1. Because  o f  t h e  s p a r s e  d i s t r i b u t i o n  

o f  known t e m p e r a t u r e  p o i n t s ,  f i l m  p r o c e s s i n g  and i n s t r u m e n t  a 1  

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

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



be tween  t h e  image d e n s i t y  s c a l e  and r a d i o m e t r i c  s u r f a c e  t e m p e r a t u r e  

is i n d i c a t e d .  T h e r e  is g r e a t e r  image d e n s i t y  v a r i a t i o n  p e r  d e g r e e  

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

g r e a t e r  r e l i a b i l i t y  a t  t h e  l ower  end o f  t h e  s c a l e .  The t h e o r e t i c a l  

r e l a t i o n s h i p  be tween  r a d i a n t  f l u x  and r a d i o m e t r i c  s u r f a c e  tempera-.  

t u r e  b a s e d  on t h e  S to fan -Bo l t zman  f u n c t i o n  ( F u l k  and R e y n o l d s ,  1957)  

i s  g i v e n  i n  F i g u r e  5 .  T h e s e  two c o r r e l a t i o n  c u r v e s  used w i t h  i s o -  

d e n s i t y  s c a n s  ( F i g u r e  6 )  o f  t h e  imagery  p r o v i d e  a  means t o  e s t i m a t e  

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

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

e f f e c t i v e  r a d i a n c e  r e c o r d e d  by t h e  Nimbus 11 H R I R  s y s t e m  on  22 

August 1966  ( F i g u r e  1 0  and T a b l e  3 ) .  F i g u r e  9  is a n  i s o r a d i a n c e  

map, d e r i v e d  from an a e r i a l  t h e r m a l  i n f r a r e d  image ,  which  shows 

a p p r o x i m a t e  r a d i o m e t r i c  s u r f a c e  t e m p e r a t u r e s  o v e r  t h e  e n t i r e  s u r f  a c e  

o f  t h e  l a v a  f low i n  S u r t u r  I on  2 9  August 1966 .  The s o l i d  b l a c k  

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

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

t h e  s e a .  Of g r e a t  i n t e r e s t  a r e  t h e  a r e a s  of  g r e a t e s t  c o o l i n g  - a t  

t h e  m a r g i n s  o f  t h e  f l ow and i n  a l i n e a r  p a t t e r n  i n  t h e  c e n t r a l  

p o r t i o n  o f  t h e  f low a r e a .  Decker  and Peck (1967)  a l s o  r e p o r t  t h a t  

t h e  c o o l e s t  a r e a s  a t  Alae Lava L a k e ,  Hawa i i ,  were a t  t h e  c o o l e d  

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

t h i c k  c o h e r e n t  s l a b s  o f  h e l l u h r a u n  (pahoehoe )  f l o w .  

On 2 1  J u l y  1967 ,  a d d i t i o n a l  s u r f a c e - t e m p e r a t u r e  measu re -  

m e n t s  were u n d e r t a k e n  on t h e  s u r f a c e  o f  t h e  1966  f l o w  w h i c h  i s s u e d  

f ~ o m  S u r t u r  I ,  YSI t e l e the rnaomete r  and A t k i n s  t h e r m i s t o r  p r o b e  

s y s t e m s  ( r a n g e  < 1 2 0 ~ ~ )  were  u t i l i z e d  a s  w e l l  a s  a  Ro to the rm thermo-  

c o u p l e  p r o b e  ( r a n g e  = 1 0 0 - 5 5 0 ~ ~ )  in m e a s u r i n g  t e m p e r a t u r e s  i n  

v e n t i n g  f u m a r o l e s  and f r a c t u r e s .  S u r f a c e  t e m p e r a t u r e s  r a n g e d  from 

ambient  l e v e l s  (10-14O@) f o r  t e p h r a  s u r f a c e s  t o  more t h a n  550°@ i n  

one  f r a c t u r e  i n  t h e  f l o o r  o f  t h e  S u r t u r  1 c r a t e r .  T h i s  l a s t  measure-  

ment i n d i c a t e s  t h a t  n e a r - i n c a n d e s c e n t  l a v a  was p r e s e n t  ( J u l y  1967)  

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

I n  t h e  a r e a  o f  t h e  l a s t  s i z a b l e  s u r f a c e  e x p o s u r e  o f  l a v a  

from S u r t u r  I1 i n  A p r i l  and May 1965 f r a c t u r e s  p a r a l l e l  t o  t h e  



t h a t  a  82O K t o  + 4O K v a r i a t i o n  i n  o c e a n  s u r f a c e  t e m p e r a t u r e  i n  

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

measurement  c a n  b e  e x p e c t e d .  The a p p r o x i m a t e  l e a s t - s q u a r e s  f i t  o f  

a  h o r i z o n t a l  l i n e  on t h e  a n a l o g  s c a n - l i n e  t r a c e  s u g g e s t s  t h a t  t h e  

a v e r a g e  o c e a n  s u r f a c e  t e m p e r a t u r e  o f  2 8 5 O ~ ,  b a s e d  on e f f e c t i v e  

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

t e m p e r a t u r e  r e a d i n g  f rom Nimbus I1 r e c o r d s  is p r o v i d e d  i n  F i g u r e  3 .  

F i g u r e  3 i s  a d m i t t e d l y  a  h i g h l y  g e n e r a l i z e d  s e a  s u r f a c e  map, b u t  

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

t o  t h e  Nimbus I I  d a t a .  Also most o f  t h e  f i e l d  o f  v iew o f  t h e  H R I R  

d e t e c t o r  is f i l l e d  by o c e a n  s u r f a c e ,  hence  i t  i s  c o n t r i b u t i n g  most  

o f  t h e  r a d i a n t  e m i s s i o n  ( s e e  T a b l e  2 ) .  

I n  c o n v e r s i o n  from r a d i o m e t r i c  t ' e m ~ e r a t u r e  t o  t r u e  s u r f  a c e  

t e m p e r a t u r e ,  v a r i a t i o n s  i n  s u r f a c e  e m i s s i v i t y  o f  1% c a n  l e a d  t o  
0 an e r r o r  o f  a p p r o x i m a t e l y  0 . 7  K (Gayevskiy  , 1 9 6 3 ) .  Kern (1965)  , 

i n  h i s  TIROS work ,  found  t h a t  w a t e r  h a s  an e m i s s i v i t y  o f  0 . 9 9  a t  

a m b i e n t - t e m p e r a t u r e  l e v e l s  i n  t h e  8-13 m i c r o n  s p e c t r a l  band .  

D a n i e l s  (1967)  r e p o r t e d  t h a t  a v e r a g e  e m i s s i v i t i e s  o f  b a s a l t  and 

t e p h r a  a r e  on t h e  o r d e r  o f  0 . 9 6  0 . 0 2  f o r  t h e  8-13 mic ron  s p e c t r a l  

b a n d ,  M o r e o v e r ,  i t  i s  known t h a t  d e v i a t i o n  from a p l a n e  s u r f a c e  i n  

t h e  form of s u r f a c e  r o u g h n e s s  ( a s  o n  ' the  o c e a n  s u r f a c e  o r  a  l a v a  

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

o f  t h e  m a t e r i a l .  E m i s s i v i t i e s  i n  t h e  3 . 4 5  t o  4 .07  s p e c t r a l  b a n d ,  

t h e  50% r e s p o n s e  p o i n t s  o f  t h e  Nimbus 11 HRIR d e t e c t o r ,  a r e  n o t  

a s  w e l l  known. The d e t e c t o r  o f  t h e  Nimbus HRIR s y s t e m  s e n s e d  

r a d i a t i o n  from a  6 4  km2 segment  o f  t h e  e a r t h ' s  s u r f a c e  i n  t h e  

v i c i n i t y  o f  I c e l a n d .  T a b l e  2 i n d i c a t e s  t h a t  o v e r  96% o f  t h i s  

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

o f  0 . 9 9 .  X m i s s i v i t y  v a r i a t i o n s  i n  t h e  S u r t s e y  c a s e  a r e  t h u s  assumed 

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

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

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



p e r i o d  v a s  t h e  t i w e  o f  g r e c - t z s t  t h e r m a l  e t r i s s i o n  from S u r t s e y  i n  

1966 A1 t hough  t h e  p y r o c l a s t i c  s a t e l l i t e  v o l c a n o ,  J 6 l n i r ,  e r u p t e d  

e x p l o s i . v e l y  r e p c ? t e d l v  he twecn  t h e  t j m e  Nimbus I1 was p l a c e d  i n  

o r h i t ,  M y ,  1966'  a ~ c l  1 0  August t h e  t h e r m a l  y i e l d  o f  t h e s e  py ro -  

c1 -sf!.c e r u p t  i o n s  was p r o h s h l y  n o t  g r e a t  enough f o r  t h e  i n f r a r e d  

e r n i a s i o r  t o  ri .q? qhove bnckground l e v e l s  and no r e c o r d  o f  c ~ 6 1 n i r ' s  

e r u p t i v e  h i s t o r y  w ? s  found on t h e  Nimhus IT i n f r a r e d  image ry  

The Nivbus  ? T  o s c < l l o g r a p h  r e c o r d  o f  O r h i t  1315  i n d i c a t e s  

0 * 7 5  watts/rn2 s t e r a d i a n  
-1 

t h - . t  a mqximum e f f e c t i v e  r a d i a n c e  QN9 = 1 0  

, ~ q u i v a l e n t  t o  2 r a d i a t i o n  o f  7 ~ 3 x 1 0 ' ~  e s g s d s e c  from an  a r e a  o f  

6 4  km2 was r e d o r d e d  by t h e  HRJR d e t e c t o r ,  t a k i n g  i n t o  s c c o u n t  t h e  

s p e c t l ~ s 9  r e s p o r s e  o f  t h e  svstern T h i s  i s '  e q u i v a l e n t  t o  2 94x10 1 7  

e r g s ~ ' s e c  t o t a l  hlac ' r  9 % ' ~  v f l d i a t i o n  t h e  t o t 2 1  e n e r g y  r a d i a t e d  from 

a 6 4  km2 segment  o f  t h e  e a r t h - s  s u r f a c e  i n t e g r ~ t e d  by t h e  Nimbus I1 

HRZR d e t e c t o r  a s s u ~ i r g  2 n  e m i s s i v i t y  o f  u n i t y  

A l though  t h e  s p e c t r a l  r e s p o n s e  and i n t e r n a l  c a l i h r n t i o n  

c o r r e c t i o n s  o f  t h e  HRPR s y s t e m  a r e  t a k e n  i n t o  q c c o u n t  i n  d e t e r m i n i n g  

t h e  e f f e c t i v e  r :d.i ance  i n d i c a f  ed  by t h e  s p i k e ,  s e v e r a l  f a c t o r s  

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

e f f e c t t v e  r a d  i r n c e  1 o s e n s o r  s c a n  a n g l e ,  2 )  a t m o s p h e r i c  a b s o r p -  

t i o r  e v i s s i o n  and s c a t t e r i n g  and 3 )  e x i s s i v i t y  v a r i a t i o n s  o f  t h e  

t e r r e s t r i a l  and o c e m  s u r f  l c e  

Orde r  o f  Magr~ i tude  o f  R e q u i r e d  C o r r e c t  i o n s  
---..- -.- --.. -- -- -- ---- 

"he n a d i r  a r g l e  o f  t h e  s e n s o r  on O r b i t  1 3 1 5 ,  a s  t h e  s u b -  

s a t ~ l l i t - e  t r ? c e  p 3 s s e d  w i t h i n  275 km o f  S u r t s e y ,  was a p p r o x i m a t e l y  

14' ,T%ck Coawsy 1 1 ~ -  ' t + s r  cornmuaicat lon 1967)  T h i s  c o r r e s p o n d s  t o  

.tn i ~ c r e a s e  i r  t r a n s l n i s s i o n  p a t h  l e n g t h  o f  3% f o r  a t o t a l  o f  1148 

kn! i . r s t e a d  o f  t h e  o r b i t a l  a l t i t u d e  o f  1114  krn An a t m o s p h e r i c  p a t h  

i - ~ c r e - s e  o f  3% would "ave  l j . t t l e  e f f e c t  

The c o r r e c t 4 . 0 n  f o r  a t m o s p h e r i c  i n f l u e n c e  would 2 l s o  b e  

s l i g h t  w i t h i r  t h e  ' r r o r  o f  m e a s u r i n g  t h e  a m p l i t u d e  o f  t h e  p o s i -  

t i v e  s p i k e  Kurde '1964'1 Kern ( 1 9 6 5 1 .  and A l l i s o n  and Kennedy 

-196'7' have  d i s c u s s e d  t h e  a t m o s p h e r i c  a t t e n u a t i o n  e r r o r  and c o n c l u d e  



f l a n k s  o f  s e v p e a t ~ n a  p l > e s s u r e  r? .dges  2nd c o l l a p s e  f - - a t u r e s  were 

c o n v e c t i n g  v a p o r s  t o  t h e  z t n o s p h e s e  a t  t e m p e r a t u r e s  o f  40-GOO@ 

The  p r e v i o u s  y e a r  !August 19601 t h e s e  s a r p e  f r a c t u r e s  xere a s s o c i a t e d  

w i t h  i n f r a r e d  i m a g e - s a t u r a t i o ~  a ~ o m n l i e s  ~ n e i c ' ? t  ang  c o n v e c t i v e  
0 t e m p e r a t u r e s  zSove 100 C dFiguli-.c 6) F i g u r e  6 d o c s  not  f i t  t h e  

p l a n i m e t r i c  c o n f i g u r - t i o n  o f  S u z t s z y  arid J 6 l n a r  due  t o  d i s t o r t i o n  

c a u s e d  by an i n c o r r e c t  s e t t i s g  o f  th? Nlkl s c q n p e ?  "~71th r e s p e c t  t o  

a p p a r e n t  g r o u c d  m o t  i o n  

F i g u r e s  7 2nd  S -,re r a d l a c c e  p r o $ i 1 e s ,  1lr:es 2nd AC,  

showing  rad in r l i t  f lszx f:.-om :;Ill f?eyer,t  g ~ . o l ~ g d c  Q v o l e s c o l o g l c ]  f ~ a t u r c ~ s .  

These  p r z f i l e s  g raphrca3I .y  p o ~ t z a y  t h e  d y r k 2 s i c  tkcxrnal. ~ s g i a e  o f  

t h e  a c t i v e  v o l c a n o ,  S u r t s e y :  szd i t s  s ~ t e k l x t e  VOSCZT~O:  Gcjlnxr  ~t 

a s p e c i f i c  p o i n t  ia $ b e .  

2 E f f e c % i . v e  Rac."navrce sa 3eco rded  by t h e  Ni.mbus I1 H t g h  R e s o l u t i o n  
--=--zp--- \% --P-Pp-~ 

Bnfr a r ~ d  R a d l . o m e t e ~  (BRIR) --- L - . P  --- 
R a d i a n t  e m i s s i o n  f ~ c n  the S u r t u r  P e r u p t a v e  a r e a  (Augus t -  

O c t o b e r ,  19661 was of  s u f f i c i e a x  s n g n i k u d e  t o  be recorded b y  t h e  

MPiR s y s t a m  o f  t h e  ~ i . m t ~ u s  11 3 e t e o r o l o g i c a  s a t e l L i t s ,   he anomaly 

d e t e c t e d  by this systes is  v a s ; b l ~  as a m i L u t e  S l a c k  s p o t  i n  t h e  

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

o f  t h e  i n f r a r e d  i m a g e ~ y  and a s  2, ssha .~p posx t , ive  s p i k e  o n  %Tis i co rde r  

o s c i l 3 . o g s a p k  an,zlog p-of 213s ,/skoidl!?g v a ~ r i ~ t i o ~ l i 3  LI- f f f e e t i v e  

r a d i a x c e  - , long ~ n d i . v i b u a l  sc2r :  llces] n,,zde from r 2 c o r d s  o f  t h e  

o r i g i n a l  spacecx*zif t  J ~ 2 e s y o g ~ t i a n  { F i g u ~ e  1.0) 

The S u r t s c y  arzoxaly ' ; lzs f - ? s t  r e c o r d e d  on O r b i t  1288,  

20  August,, t h e  f ir : ; t  o-bi t<: l  o v e r p s s s  o f  Iceland 2 , f t z ~  t h e  e s u p t h o n  

began  t G e  p r e v i o u s  closr-Lng Tbn onomzly l a  a o t  present on lmage ry  

o f  p r e v z e u a  o r b i t s  z i l thougk o p > ? c l n g s  i n  t h e  c l o u d  cove? p e r m i t t e d  

i d e n t i f i c a t i o n  o f  p z r f s  of sou t t - .wn  Tc?land d u r r r g  %b.e a l g h t s  

i m m e d i a t e l y  p r i o r .  t o  20  4 l ~ g u s t  Tke zoorraly vlas a l s o  ldentif ied 

o n  t h e  fo lLowang d? . tp?s  :jnd orbi t 3 -  22 A u g l ~ s t ,  O s b - ~ t  1315; 9 Sept -  

ember ,  O r b i t  1546.  l E  S 2 p t e ~ b e r ,  O s k a t  1 6 4 8 .  20 S e p t e ~ ~ b e - :  O r b i t  

1'701. and Z l  S ~ p t e ~ ~ b e s :  O r b i t  1774, The  znomaly ia d c f i n x t e l y  

i d e r a t l f i a k a l e  a s  !-ate a s  3 October 4'Ozrb:l.t 1874) b u t  becowies q u e s t i o n -  

a b l e  d u r i n g  $he; latter par t ,  o f  Oc tobe r  I t  is s B . g n a f i c ~ r > t  t h a t  t h i s  



T o t a l  H e m i s p h e r i c a l  E m i s s i o n  E s t i m a t e s  from 

, Ground O b s e r v a t i o n s  and A i r b o r n e  I n f r a r e d  Imagery 

The maximum e f f e c t i v e  r a d i a n c e ,  7 .13x1014  e r g s / s e c ,  a s  

d e t e r m i n e d  from t h e  Nimbus I1 H R I R  o s c i l l o g r a p h  r e c o r d ,  t a k i n g  i n t o  

a c c o u n t  t h e  s p e c t r a l  r e s p o n s e  o f  t h e  H R I R  d e t e c t o r ,  is e q u i v a l e n t  

t o  2 .94x1017  e r g s / s e c  t o t a l  b l ackbody  r a d i a t i o n  based  on t h e  S t e f a n -  

B o l t  zmann f u n c t i o n  ( F u l k  and R e y n o l d s ,  1 9 5 7 ) .  T h e s e  Nimbus r a d i a t i o n  

e s t i m a t e s  may be  compared w i t h  e s t i m a t e s  made from f i e l d  o b s e r v a t i o n s  

s u p p l e m e n t e d  by i s o d e n s i t r a c e r  s c a n s  o f  a i r b o r n e  i n f r a r e d  imagery  

( F i g u r e  6 ) .  The t o t a l  h e m i s p h e r i c a l  e m i s s i o n  from a  c o m p a r a b l e  a r e a  

o n  t h e  e a r t h ' s  s u r f a c e  c a n  b e  e s t i m a t e d  b y  d i v i d i n g  t h e  r e s o l u t i o n  

e l e m e n t  o f  t h e  HRIR d e t e c t o r  ( 6 4  km2, t h e  a r e a  on t h e  e a r t h ' s  s u r -  

f a c e  t r a n s e c t e d  by t h e  cone  r e p r e s e n t i n g  t h e  s o l i d  a n g l e  viewed by 

t h e  HRIR s y s t e m ) ,  i n t o  u n i t  a r e a s  o f  r o u g h l y  e q u a l  t e m p e r a t u r e  

( F i g u r e  6 ) .  Using t h i s  method ,  t h e  r a d i a n c e  c o n t r i b u t i o n  o f  e a c h  

p a r t  may b e  e s t i m a t e d  and i n t e g r a t e d  w i t h  t h e  o t h e r  p a r t s .  Tempera- 

t u r e  measu remen t s ,  v o l c a n o l o g i c  o b s e r v a t i o n s  on t h e  i s l a n d  and 

i s o d e n s i t o m e t r i c  a n a l y s i s  o f  t h e  a i r b o r n e  imagery s u g g e s t  t h e  map 

u n i t s  and t e m p e r a t u r e s  a s  shown i n  T a b l e  2 ,  The a r e a  o f  S u r t s e y  was 

2 3 5  km2 when t h e  1 9  August 1966  f i s s u r e  e r u p t i o n  began  ( T h o r a r i n s -  

s o n ,  1 9 6 7 ,  p .  5 7 5 ) ,  

The r a d i a t i o n  v a l u e s  f o r  e a c h  map u n i t  g i v e n  i n  T a b l e  2  

w e r e  e s t i m a t e d  u s i n g  t h e  f o l l o w i n g  method d e v i s e d  by A.E. S t o d d a r d  

( w r i t t e n  communica t ion ,  1 9 6 7 ) :  

I f  e a c h  t e m p e r a t u r e  u n i t  is  assumed t o  r a d i a t e  a s  a  b l a c k -  

body ,  and t h e  HRIR d e t e c t i o n  r e s p o n s e  is t a k e n  i n t o  a c c o u n t ,  t h e  

r e s p o n s e  f u n c t i o n  , may b e  a p p r o x i m a t e d  by a f u n c t i o n  w h i c h  is  

e v e r y w h e r e  z e r o  e x c e p t  w i t h i n  t h e  i n t e r v a l  3 . 4 5  t o  4 . 0 7 , ~ w h e n  i t  

a s sumes  t h e  v a l u e  o n e .  These  w a v e l e n g t h s  a r e  t h e  50% r e s p o n s e  

p o i n t s  o f  t h e  Nimbus I1 d e t e c t o r .  The f o l l o w i n g  a p p r o x i m a t i o n  f o r  

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



where  AT = t h e  a r e a  a t  t e m p e r a t u r e  T 

B ( ;  , T )  = t h e  P l a n c k  f u n c t i o n  ( t h e  amount o f  e n e r g y  r a d i a t e d  
3 

i n  a l l  d i r e c t i o n s  from one cm" b l ackbody  s u r f a c e  a t  t empera -  

t u r e  T  p e r  s econd  and p e r  u n i t  w a v e l e n g t h  i n t e r v a l ) .  - 
N = maximum e f f e c t i v e  r a d i a n c e .  

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

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

w i t h i n  t h e  r e s p o n s e  window o f  t h e  Nimbus I1 d e t e c t o r  may b e  c a l -  

c u l a t e d .  

To c a l c u l a t e  t h e  t o t a l  e n e r g y  r a d i a t e d  from e a c h  map u n i t ,  

we may s u b s t i t u t e  a  f u n c t i o n  which is  u n i t y  o v e r  t h e  e n t i r e  r a n g e  

o f  w a v e l e n g t h s  
_ . r -  , , 

ET = AT ' B( , T ) d /  
c- 

The a d v a n t a g e  o f  u s i n g  t h e  above e q u a t i o n  is  t h a t  i t  g i v e s  

u s  t o t a l  r a d i a t i o n  e s t i m a t e s  f o r  t h e  e r u p t i v e  v o l c a n i c  a r e a ,  wh ich  

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

Thermal  Y i e l d  o f  E f f u s i v e  E r u p t i o n  from 

V o l u m e t r i c  Out f low O b s e r v a t i o n s  

To g i v e  an i n d i c a t i o n  o f  t h e  t h e r m a l  e n e r g y  y i e l d  o f  t h e  

August 1966  f i s s u r e  e r u p t i o n s ,  we may a p p l y  t h e  methods  o f  ~ G d e r v 5 . r i  

( 1963)  and Yokoyama (1956-571,  which  r e l a t e  t h e  v o l c a n i c  e n e r g y  t o  

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

e q u a t i o n :  
E t h  = ' 6rG (TC $ B) J 

where  E t h  = t h e r m a l  ene rgy  y i e l d  i n  e r g s / s e c .  

( a s s u m i n g  c o o l i n g  t o  ambient  t e m p e r a t u r e  l e v e l )  

V = volume o f  e f f u s i v e  l a v a s  i n  cm3/sec. 

{ = mean d e n s i t y  o f  e f f u s i v e  l a v a s  i n  g/cm 3 
0 T = maximum t e m p e r a t u r e  o f  t h e  l a v a  i n  C 

0 C = s p e c i f i c  h e a t  o f  b a s a l t  l a v a  i n  c a l / g  C 

B  = l a t e n t  h e a t  o f  l a v a  i n  c a l / g  

J = 4 . 1 8 6 ~ 1 0 ~  e r g s / c a l .  



F i e l d  o b s e r v a t i o n s  r e p o r t e d  by T h o r a r i n s s o n  (1967b)  and 

S i g u r g e i r s s o n  (1967)  p r o v i d e  u s  w i t h  v a l u e s  f o r  V and T o  T h o r a r i n s -  

s o n  e s t i m a t e d  t h e  v o l u m e t r i c  y i e l d  o f  l a v a  t o  have  been  be tween  5  
3 and 1 0  m / s e c  f o r  s e v e r a l  d a y s  a f t e r  2 0  Augus t ,  I f  w e  assume t h e  

3 r a t e  o f  o u t f l o w  t o  have  b e e n  7 m /sec e a r l y  i n  t h e  morn ing  o f  2 2  

August ( 0 2 : 2 8  UMT) a t  t h e  t i m e  t h e  s u b s a t e l l i t e  p o i n t  o f  Nimbus HI, 

O r b i t  1 3 1 5 ,  p a s s e d  a lmos t  d i r e c t l y  a c r o s s  S u s t s e y  ( n a d i r  a n g l e  o f  

14') w e  may compare t h e  e f f e c t i v e  r a d i a n c e  from S u r t s e y ,  a s  d e t e c t e d  

by t h e  Nimbus HBIR 1114  km above  t h e  e a r t h ' s  s u r f a c e ,  w i t h  t h e  r a t e  

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

Thermocouple  measu remen t s  o f  f r e s h  i n c a n d e s c e n t  f l o w s  by 

S i g u r g e i r s s o n  y i e l d e d  a t e m p e r a t u r e  o f  ki40°@ f o r  t h e  l a v a .  O t h e r  

v a l u e s  f o r  t h e  p a r a m e t e r s  i n  t h e  E t h  e q u a t i o n  f o r  b a s a l t  a r e :  

,, 2 . 8  g/cm3; C, 0 . 2 5  c a l / g  OC ( a t  800°c ) ,  and B ,  50  c a l / g .  Then 

t h e  t o t a l  t h e r m a l  y i e l d  would b e :  

E t h  = 2 . 6 7  x 1017 e r g s j s e c  ( o r  6370 x l o 6  c a l / s e c ) .  

T a b l e  3 p r e s e n t s  a summary and c o m p a r i s o n  o f  t h e  t h e r m a l  

e n e r g y  o u t p u t  and r a d i a n t  e m i s s i o n  from S u r t s e y  on  22 August  1966  

b a s e d  on  f i e l d  o b s e r v a t i o n s ,  and e s t i m a t e s  f rom t h e  a i r b o r n e  i n f r a -  

r e d  image ry  and Nimbus I1 HRHR s a t e l l i t e  d a t a .  

I t  may be e s t i m a t e d  in c o n c l u s ~ o n  t h a t  a p p r o x i m a t e l y  3 . 3 %  

o f  t h e  t o t a l  t h e r m a l  y i e l d  o f  t h e  S u r t u r  I e f f u s i v e  e r u p t i o n  was 

r a d i a t e d  i n t o  s p a c e  on  2 2  August 1 9 6 6 ,  and tha , t  t h e  b u l k  o f  t h e  

r e m a i n i n g  t h e r m a l  y i e l d  was d i s s i p a t e d  by non- rad ian t ,  h e a t  t r a n s -  - 
f e r  mechanisms t o  t h e  o c e a n ,  t h e  a t m o s p h e r e ,  and t o  t h e  t e r r e s t r i a l  

s u b - s u r f a c e  o f  the i s l a n d .  
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T a b l e  1 
FXPLANATION 

I 

R a d i o m e t r i c  
G e o l o g i c  I n t e r p r e t a t i o n  

T e p h r a r i m s  o f  S u r t u r  I and 11 and J 6 l n i r  

B a s a l t  f low s u r f a c e  o f  1964-1965 f l o w s ;  
J 6 l n i r  l a g o o n  w a t e r ;  b a s a l t  f l o w s  o f  1964- 
1965  ( S u r t s e y )  a d j a c e n t  t o  anomalous ly  warm , 

s u r f a c e s .  J 6 l n i r  c r a t e r  l a k e ;  b a s a l t  c r u s t  
o v e r  c o o l i n g  l a v a  and s u b s u r f a c e  l a v a  
c o u r s e s  o f  1964-1965 f l o w s  where  h i g h  con- 
d u c t i v e  h e a t  f l ow is  a s s o c i a t e d  w i t h  con- 
v e c t i v e  h e a t  f l o w ;  Warm p e r i p h e r y  o f  
f e a t u r e s  e m i t t i n g  g a s e s  and s t eam.  

I Low and 

i i n t e r -  
I 

m e d i a t e  
I 

l e v e l  

a n o m a l i e s  

Medium 
g r  aY 

L i g h t  
g r  aY 

O r i g i n a l  
.ge C h a r a c t e r i s t i c s  

Form 

L a r g e  a r e a s ;  
A few s u b t l e  g r a d a t i o n s  
d i s c e r n i b l e .  L 

S u b t l e  g r a d a t i o n s ;  

F a i n t  c u r v i l i n e a r  
f e a t u r e s ;  

G e n e r a l i z e d  d i f f u s e  
a r e a s ;  

Many s u b l i n e a r  b a n d s  

T h r e e  a r e a s :  1 )  a r e a  o f  p r e d o m i n a t e l y  con-  1 . 3 6 8  - 
v e c t i v e  h e a t  t r a n s f e r  from s e c o n d a r y  fumh . 1 . 5 9 6  
a r o l e s ,  f r a c t u r e s  a l o n g  p r e s s u r e  r idges  
and c i r c u l a r  c o l l a p s e  f e a t u r e s  i n  a r e a  o f  
1965 f l o w s ,  2 )  p r i m a r y  f u m a r o l e s  and g a s  
and s t e a m  e m i s s i o n  from s c o r i a c e o u s  w a l l s  
o f  S u r t u r  I1 c r a t e r  and i n  g e n e r a l  a r e a  
o f  r o o f  o f  n o r t h e r n  p a r t  o f  s u b s u r f a c e  
l a v a  c o u r s e  (19651,  and 3 )  p e r i p h e r a l  t o  
i m a g e - s a t u r a t i o n  a n o m a l i e s  o f  S u r t u r  I ,  

a n o m a l i e s  

Image s a t u r a t i o n  i n  g e n e r a l  a r e a  o f  b 1 . 9 3 8  Image - 
e f f u s i v e  i n c a n d e s c e n t  f l o w s ,  l a v a  foun-  

s a t u r -  t a i n s  and c a u l d r o n  a c t i v i t y ;  i n t e n s e  
fumaro le  e m  a t i o n  
ad j a c e n t  t o  --- a n o m a l i e s  
" ~ d :  imag 

S p e c i f i c  s m a l l  a r e a s ;  
P u n c t u a t e  and b l e b - l i k e  
f e a t u r e s ;  b e a d - l i k e  
a l i g n m e n t s ;  s h a r p  c u r v i -  
l i n e a r  f e a t u r e s  concen-  
t r a t e d  i n  t h r e e  g e n e r a l  

E l l i p s o i d a l  a r e a ;  s a t u r -  
a t i o n  a f t e r - e f f e c t  al.ong 
some s c a n  l i n e s ;  b looming  
a round some c u r v i l i n e a r  
and p o i n t  s o u r c e s .  



TABLE 2 

R a d i a n t  Emis s ion  o f  S u r t s e y  and S u r r o u n d i n g  Ocean s u r f a c e  

Based o n  S u r f  a c e  T e m p e r a t u r e  

22 August 1966 

1, I n c a n d e s c e n t  l a v a  
S u r t u r  I 

2 .  O t h e r  v o l c a n i c  
a n o m a l i e s  

3 .  Ambient T e r r a i n  
( c o o l  b a s a l t  and 

Based on S te fan -Bo l t zmann  f u n c t i o n  f o r  b l a c k -  
body r a d i a t i o n  and b l ackbody  e q u i v a l e n t  
t e m p e r a t u r e  (300°K) d e r i v e d  from Nimbus d a t a ,  





T A B L E  3 .  ( C o n t . )  

COMPARISON O F  THERMAL ENERGY OUTPUT AND RADIANT E M I S S I O N  FROM S U R T S E Y ,  
22 AUGUST 1966 A 5  E S T I M A T E D  B Y  TWO S E N S I N G  SYSTEMS 

ENERGY U N I T  E S T I M A T E D  
TEGRATED B Y  NIMBUS 
H R I R  DETECTOR 

l a v a  p e r  second A l s o  t e m p e r a t u r e  of  ocean 

b a s a l t  l a v a  



1- OF THERMAL INFRARED SURVEYS IN ICELAND-AUGUST 1966 

3 HENGILL-blNGVELLIR 
A T L A N T I C  OCEAN 

5 M~RDALSJOKULL-HEKLA 

INDEX MAP OF VESTMANNAEYJAR ARCHIPELAGO, ICELAND 
F i ~ u r e  2 



( 1) Nautisk- Meseorologisk Aabog (Copenhagen, 1898- 1939) 
SOURCES ( (2)  H. Thornsen, 1938, Zoology of Iceland, vol. 1, pe. 4, pp. 6-8, Copenhagen 

CONFIRM 11.5' C S. A. Malmberg, unpublished,Sea surface temperature in Vestmannaeyjar 
SEA SURFACE Archipelago, August 1966; records of Marine 
TEMPERATURE Research Institute, Reykjavik 
NEAR SURTSEY Radiometric temperature traverse from Icelandic vessel Lodsinn 
AUGUST, 1966 between Geirfuglasker and Surtsey, August 23, 1966 
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Figure 4 
RADIANT FLUX VS RADIOMETRIC SURFACE TEMPERATURE 
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Beam T r a n s m i t t a n c e  Measurements c a r r i e d  o u t  

i n  t h e  Waters  around S u r t s e y  

1-2 August 1966 

by 
Svend-Aage Malmberg 

Marine Resea rch  I n s t i t u t e ,  Reykj a v i k  

Summary 

Beam t r a n s m i t t a n c e  measurements  were c a r r i e d  o u t  i n  t h e  w a t e r s  

around S u r t s e y  and J 6 l n i r  a t  two s p e c t r a l  i n t e r v a l s ,  i n  t h e  r e d  and 

i n  t h e  b l u e ,  and t e m p e r a t u r e  r e c o r d i n g s  a s  w e l l ,  d u r i n g  1-2 August 

( F i g .  1 ;  T a b l e  1 ) .  A l l  measurements were made c o n t i n u o u s l y  from s e a  

s u r f a c e  t o  bot tom. Dur ing t h e  o b s e r v a t i o d s  S u r t s e y  was i n a c t i v e ,  b u t  

J 6 l n i r  a c t i v e .  The o b j e c t  o f  t h e  i n v e s t i g a t i o n s  was mainly  t o  d e t e r -  

mine t h e  a t t e n u a t i o n  c o e f f i c i e n t s  i n  t h e  s e a  w a t e r  and t h e i r  con- 

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

s t u d i e s  on suspended and d i s s o l v e d  m a t t e r  i n  t h e  s e a  w a t e r  f o r  

compar ison w i t h  o t h e r  a r e a s .  

T a b l e  1. Beam T r a n s m i t t a n c e  Measurements i n  t h e  Waters around 

S u r t s e y  and J 6 l n i r  1-2 August 1966.  

P 

S t a t ,  No. P o s .  Depth 

No, N W m 

3 0  63:30,5' 
3 1  

200037, 1' 
63026,0 '  

78 

32 
20037,3 '  

6s022,  0 '  
85 

33  
2 0 0 3 7 , 3 -  

63019, 0 '  
102 

3 4  
20037,5 '  

63016, 3  ' 
85 

35  
20039, 0 '  

63018,  0 '  
65 

36  
2OO45,O4 

63018, 0 '  
13 4  

3 7  
20053, 0 '  

63018, 0' 
138 

38 
21004,  0 '  

63009, 0 '  
155 

39 
20040, 0 '  

63011,3 '  
218 

40 
20037,8 '  

63015, 0 '  
185 

41 
20037 0 '  

63016, 5  ' 
148 

42 63017, 0 '  20037:-0- 12 5  
43 

20037 ,5 '  
63017, 6 '  

85 
20033,  1 ' 

44 63017, 9 '  
12 0  

4  5  
2 0  30,O'  

63018, 0 '  
103 

20;21,04 
46 63  18,O' 20  10,O'  

136 
136 



The main r e s u l t s  a r e  a s  f o l l o w s :  

11 A d i s t i n c t  i n t e r m e d i a t e  maximum o f  a t t e n u a t i o n  was o b s e r v e d  

a t  c a .  5 0  m d e p t h  on f o u r  s t a t i o n s  ( 3 3 ,  3 4 ,  42 ,  43), a l l  l o c a t e d  

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

s t a t i o n s  f a r t h e r  o f f s h o r e  i t  was n o t  o b s e r v e d  ( F i g s .  2 - 3 ) .  A t  t h e  - 
f o u r  above  men t ioned  s t a t i o n s  t h e  v e r t i c a l  t e m p e r a t u r e  d i s t r i b u t i o n  

was s i m i l a r  a s  e l s e w h e r e  i n  t h e  s t u d y  a r e a .  Thus t h e  maximum a t t e n u -  

a t i o n  found  d o e s  n o t  seem d i r e c t l y  c o n n e c t e d  w i t h  t h e  s t r a t i f i c a t i o n  

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

P r i m a r i l y ,  i t  may b e  due  t o  some change  i n  t h e  b u i l d i n g - u p  o f  S u r t s e y  

and/or  o t h e r  e l e v a t i o n s  i n  t h e  a r e a ,  and s e c o n d l y  due  t o  c u r r e n t s .  

A n o t e w o r t h y  f e a t u r e  is t h e  d i s t r i b u t i o n  o f  t h e  s c a t t e r i n g  l a y e r  a t  

abou t  30-60 m d e p t h  o b s e r v e d  by means of  e c h o  s o u n d i n g s  i n  t h e  l a s t  

week o f  J u l y  1966  i n  t h e  a r e a  a round S u r t s e y  ( F i g s .  4-7). The 

s c a t t e r i n g  l a y e r  o c c u r s  m o s t l y  o n l y  on one  s i d e  o f  t h e  submar ine  

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

m a t t e r  by c u r r e n t s  i n  s p e c i a l  d i r e c t i o n s  and p a t t e r n s .  I t  may b e  

o f  i n t e r e s t  t o  r e p e a t  beam t r a n s m i t t a n c e  measurements  i n  t h e  a r e a  

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

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

2 1 The r e l a t i o n  be tween  t h e  a t t e n u a t i o n  c o e f f i c i e n t s  i n  t h e  b l u e  

- a  1) and i n  t h e  r e d  (t3, a  ( R ) )  o b t a i n e d  a round S u r t s e y  a t  a l l  

d e p t h s  and shown i n  F i g ,  8 i n d i c a t e d  one  l i n e a r  c h a r a c t e r i s t i c .  

S u r f a c e  d a t a  a l l  around I c e l a n d  ( F i g .  9 )  show t h e  same c h a r a c t e r -  

i s t i c  ( F i g .  1 0 ) )  a s  w e l l  a s  most  s u b s u r f a c e  d a t a ,  w i t h  few e x c e p t i o n s  

i n  t h e  n e a r  s u r f a c e  l a y e r  a t  r i v e r  o u t l e t s  a s  e . g ,  a t  ~ j 6 r s 6  and 

0 l f u s S  ( F i g .  1 1 ) .  Accord ing  t o  F i g s .  8 and 1 0  t h e  c o a s t a l  w a t e r  a l l  

a round  I c e l a n d  i s  i n  o p t i c a l  view c h a r a c t e r i z e d  by t h e  e q u a t i o n  

a  ( , B )  = 1 . 2  ,,/! a  ( R )  

However, s a l i n i t y  o b s e r v a t i o n s  i n  c o n n e c t i o n  w i t h  beam 

t r a c s m i t t a n c e  measurements  c o u l d  p o s s i b l y  d i s t i n g u i s h  be tween  t h e  

r u n - o f f  from t h e  v a r i o u s  r i v e r s .  



Fig.  1 Location of beam transmittance measurements in the area around Surtsey 

and J6lnir on 1 -2  August 1966. 



Fig. 2 Vertical distribution of temperature ( rO C ) ,  attenuation coefficienrs in the red ( A a  (R) ) -- 
and in the blue ( A a  ( B )  ) and their differences ( F  ), the last  being a measure of the colour 
of the sea water, at stations 30-38. 



Fig. 3 As Fig. 2 except on stations 39-46. -- 











Flg - - - 8 - The relarlonshlp between the artenuatlon coeff ic~ents  ( A a  ( R )  and 

d a (8) ) on al l  srailon carried out around Surtsey based on data 

from 0 ,  20,  50, 70, 100, 120, 150, and 170 m depth. 







Fig. 11 The relationship between the attenuation coefficients ( A a  ( R ) and A a ( B )  ) 

based on data from 0, 5, 10, 20 and 30 m depth at the river outlets of 

bj'16rsd and 0 l f u s i  ( Stats. 47 and 49 ). 
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