
CHE3kCAL-OCEANOGRAPHIC EFFECTS OF THE: 
- - 

SURTSEY ERUPTION 

Unnsteinn S t e f s n s s o n  
Un ive r s i t y  Research I n s t i t u t e  

Department of  F i s h e r i e s  

I ,  Obse rva t iona l  Data.  

1. Oceanographic Surveys i n  t h e  Surrounding Coas t a l  Area. 

During t h e  pe r iod  November 15 ,  1963, t o  Movem,ber 1 7 ,  1964, 

a  t o t a l  of  n ine  c r u i s e s  were conducted t o  t h e  s ea  a r e a  surround-  

i n g  S u r t s e y .  The number o f  s t a t i o n s  worked a s  w e l l  a s  t h e  t y p e  

of d a t a  c o l l e c t e d  a r e  l i s t e d  i n  Table  1. During a l l  of  t h e s e  

c r u i s e s  except  one,  o b s e r v a t i o n s  were made a long  four  s e c t i o n s  

d i r e c t e d  eas t -west  and nor th-south from S u r t s e y .  On each s e c t i o n  

c o l l e c t i o n s  were made a t  5  s t a t i o n s ,  l o c a t e d  between 0 .2  and 

12 n a u t i c a l  m i l e s  o f f  t h e  i s l a n d .  On f o u r  occas ions  a d d i t i o n a l  

s e c t i o n s  were worked f a r t h e r  west  i n  t h e  Selvogsbanki  r e g i o n ,  

and on one occas ion  (June 1964) on ly  9 s t a t i o n s  on two s e c t i o n s  

could be  worked due t o  adve r se  weather c o n d i t i o n s .  

Table  1 

Chemical Observa t ions  around Sur t s ev  and i n  

t h e  Selvogsbanki  Region. 

Cru i se  Date 

A lbe r t  15-16/11 '63 20 87  61  87  

P-63 1-3/12 '63 2 1  98 46 

A-64 21-24/1 '64 37  156 73 88 

K-64 31/3-3/4 '64 43 198 97 113 

L-64 10/4 '6 4  20 87 41 42 



N u t r i e n t  samples were c o l l e c t e d  i n  po lye thy lene  b o t t l e s ,  

f r o z e n  aboard t h e  s h i p s  and analyzed s p r e c t r o p h o t o m e t r i c a l l y  

a sho re .  F a c i l i t i e s  f o r  f r e e z i n g  samples were poor on some of 

t h e  s h i p s  and t h i s  l i m i t e d  t h e  number of samples t aken .  

Cru i se  Date No. of 
s t a t i o n s  

2 .  C o l l e c t i o n  of Water Samples from t h e  I s l a n d .  

Samples were procured by l and ing  p a r t i e s  on f o u r  occas ions :  

No. of o b s e r v a t i o n s  

S a l .  Oxygen Phospli. S i l i c a t e  N i t r a t e  

a )  May 31 ,  1964. Two samples were taken a t  t h e  southwest  

and s o u t h e a s t  s h o r e s  of  Su r t s ey  where l ava  was f lowing 

i n t o  t h e  s e a .  Samples were a l s o  taken  from a  lagoon 

formed on t h e  n o r t h e r n  p a r t  of t h e  i s l a n d .  

b) September 9 ,  1964. Four samples were taken  on t h e  

southwest  sho re  i n  a  s m a l l  c reek  formed by t h e  l ava  f low. 

c )  October 1 5 ,  1964. A sample was c o l l e c t e d  a t  t h e  s o u t h  

s h o r e  of t h e  i s l a n d  a t  t h e  edge of t h e  l ava  and a l s o  

from t h e  lagoon a t  t h e  n o r t h  c o a s t  of t h e  i s l a n d .  

d )  November 25,  1964. A sample was taken  a t  t h e  s o u t h e a s t  

c o a s t .  A t  t h e  same t ime an  experiment was c a r r i e d  o u t  

e x t r a c t i n g  hot  l ava  w i t h  s e a  wate r .  The sample s o  

ob ta ined  was p a r t l y  ana lyzed  a t  t h e  s ceanograph ica l  

l a b o r a t o r y  of t h e  I c e l a n d i c  F i s h e r i e s  Research I n s t i t u t e ,  

and t h e  remaining p a r t  s e n t  t o  t h e  Na t iona l  I n s t i t u t e  

of  Oceanography, England, f o r  d e t a i l e d  a n a l y s e s  of 

macro- and mic rd -cons t i t uen t s .  



3. Exper iments  on D i s s o l u t i o n  o f  N u t r i e n t s  from E r u p t i n g  

M a t e r i a l s .  

The e f f e c t  of  t e m p e r a t u r e  on t h e  p r o c e s s  of d i s s o L v i n g  

n u t r i e n t s  from t e p h r a  was i n v e s t i g a t e d  e x p e r i m e n t a l l y  i n  t h e  

l a b o r a t o r y .  F i v e  gram p o r t i o n s  o f  t e p h r a  from a  samphe c o l l e c t e d  

from t h e  deck o f  a  p a t r o l  v e s s e l  s a i l i n g  under  t h e  a s h  c l o u d ,  

were added t o  p o l y e t h y l e n e  b o t t l e s  c o n t a i n i n g  200 mk o f  s y n t h e t i c  

s e a  w a t e r  and t h e  b o t t l e s  k e p t  a t  d i f f e r e n t  t e m p e r a t u x e s  f o r  

two h o u r s ,  w i t h  o c c a s i o n a l  s h a k i n g .  The samples  were t h e n  

f i l t e r e d  and t h e  f i l t r a t e s  a n a l y z e d  f o r  r e a c t i v e  s i l i ca tes ,  

p h o s p h a t e s  and n i t r a t e s .  

11. R e s u l t s .  

A p a p e r  based  on t h e  r e s u l t s  o b t a i n e d  s o  f a r  i s  i n  p r e -  

p a r a t i o n  and w i l l  be r e a d y  f o r  p u b l i c a t i o n  w i t h i n  a  few months.  

I n  t h e  p r e s e n t  r e p o r t  o n l y  a  few of  t h e  main f i n d i n g s  w i l l  be  

b r i e f l y  touched  upon. 

1, S a l i n i t y ,  D i s s o l v e d  Oxygen and F l u o r  i d e s .  

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

was found t o  b e  normal f o r  t h e  s e a s o n  i n  q u e s t i o n ,  r a n g i n g  from 

34 .90  t o  3 5 . 2 0  oo/oo. However, t h e  s a l i n i t y  of  samples  t a k e n  a t  

t h e  s h o r e s  o f  t h e  i s l a n d  showed abnormal ly  h i g h  v a l u e s .  Thus t h e  

f o u r  s a m p l e s  t a k e n  on September 9 t h  i n  a  s m a l l  c r e e k  a t  t h e  

s o u t h w e s t  s h o r e  ranged  from 3 6 . 5 1  t o  3 8 . 7 0  o/oo. These h i g h  

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

spond ing  s e a  t e m p e r a t u r e s  r anged  from 26O t o  3 8 O ~ .  But t h i s  

l o c a l  h e a t i n g  c o u l d  o n l y  be t r a c e d  a  s m a l l  d i s t a n c e  from t h e  

s h o r e ,  and  t h e  e f f e c t s  on t h e  s u r r o u n d i n g  s e a  a r e a  must have 

been n e g l i g i b l e .  

Oxygen c o n c e n t r a t i o n s  were  de te rmined  a t  a  number of  

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

abnormal c o n c e n t r a t i o n s  f o r  t h a t  s e a s o n .  



The f l u o r i d e  c o n c e n t r a t i o n  was de te rmined  on 8 samples  

t h a t  gave  ext reme v a l u e s  of d i s s o l v e d  n u t r i e n t s .  The f l u o r i d e s  

r anged  from 0 . 0 6 0  t o  0 . 0 7 0  m g - a t / l i t r e  w i t h  a  mean v a l u e  o f  

0 .065  m g - a t / l i t r e .  T h i s  v a l u e  i s  p r a c t i c a l l y  i d e n t i c a l  w i t h  

t h a t  g i v e n  i n  t h e  l i t e r a t u r e  f o r  s e a  w a t e r  o f  t h e  s a l i n i t y  i n  

q u e s t i o n .  Thus no a d d i t i o n a l  f l u o r i d e  c o n c e n t r a t i o n s  due t o  

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

c o n s i d e r i n g  t h e  g r e a t  d i l u t i o n  o f  s e a  w a t e r  t h a t  comes i n  con- 

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

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

2 .  N u t r i e n t s .  

L a b o r a t o r y  e x p e r i m e n t s  on t h e  e x t r a c t i o n  o f  n u t r i e n t s  

from t e p h r a  e j e c t a  a s  w e l l  a s  g lowing l a v a ,  iqevea led  t h a t  

s i g n i f i c a n t  q u a n t i t i e s  o f  s i l i c a t e s  and p h o s p h a t e s  were d i s -  

s o l v e d .  A t  t e m p e r a t u r e s  above 80° t h e  amounts  o f  d i s s o l v e d  

s i l i c a t e s  i n  normal  s e a  w a t e r  i n c r e a s e d  by a  f a c t o r  o f  4-6, 

t h e  d i s s o l v e d  p h o s p h a t e s  by a  f a c t o r  of  2-3. No s i g n i f i c a n t  

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

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

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

c r e a s e  i n  c o n c e n t r a t i o n s  w i t h i n  a  s m a l l  a r e a  s u r r o u n d i n g  t h e  

i s l a n d ,  A t  t h e  s t a t i o n s  c l o s e s t  t o  t h e  i s l a n d  ( 0 . 2  n a u t i c a l  

m i l e s  o r  l e s s )  c o n c e n t r a t i o n s  a s  h i g h  a s  2 0 , u g - a t / l i t r e  were 

found ,  d e c r e a s i n g  t o  8 , u g - a t / l i t r e  o r  less 1 5  miles away from 

t h e  e r u p t i o n  c e n t r e .  The normal  w i n t e r  v a l u e s  i n  t h e  Se lvogs -  

b a n k i  a r e a  a r e  a b o u t  6-7 ( I  g - a t / l i t r e ,  I n c r e a s e d  s i l i c a t e  con- 

c e n t r a t i o n s  were found b o t h  a t  t h e  s e a  s u r f a c e  and n e a r  t h e  

bot tom.  I t  is b e l i e v e d  t h a t  t h e s e  r e s u l t e d  p a r t l y  from s e a  

w a t e r  coming i n  c o n t a c t  w i t h  h o t  e r u p t i o n  m a t e r i a l ,  and p a r t l y  

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

w e l l  a s  m a t e r i a l  l o s t  from t h e  i s l a n d  by mar ine  e r o s i o n .  D i s -  

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

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



R e s u l t s  from t h e  i n v e s t i g a t i o n s  made d u r i n g  t h e  l a s t  f i v e  

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

A p r i l ,  t h e  S u r t s e y  e r u p t i o n  h a s  had v e r y  l i t t l e  d i r e c t  e f f e c t  

on  t h e  n u t r i e n t  c o n c e n t r a t i o n  i n  t h e  su r round ing  a r e a .  An 

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

n u t r i e n t  c o n c e n t r a t i o n s  were found nea r  t h e  i s l a n d  t h a n  f a r t h e r  

away d u r i n g  t h e  summer; t h e s e  can  i n  most c a s e s  be a t t r i b u t e d  

t o  reduced  b i o l o g i c a l  up take  a s s o c i a t e d  w i t h  g r e a t e r  t u r b u l e n c e  

nea r  t h e  i s l a n d .  




