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INTRODUCTION 

On t h e  1 4 t h  of  November, 1963, a  submarine e r u p t i o n  began 

approximately  20 m i l e s  o f f  t h e  sou th  c o a s t  of  I c e l a n d ,  and 12 

miles southwest  of t h e  Vestmann I s l a n d s .  The nex t  day an  i s l a n d  

appeared,  which has  grown s t e a d i l y  eve r  s i n c e ,  and has  now 

reached t h e  he igh t  of approximately  170 me te r s  and t h e  s i z e  of 

about  2 , 3  s q .  km. To beg in  w i t h ,  t h e  m a t e r i a l ,  e j e c t e d  by t h e  

volcano,  c o n s i s t e d  of t eph ra  and s team,  bu t  i n  A p r i l ,  1964, t h e  

volcano changed t o  l ava  e r u p t i o n .  Then t h e  permanency of a t  

l e a s t  a  p a r t  of t h e  i s l a n d  was secured .  The i s l a n d  was named 

Sur t sey . 
The new i s l a n d  immediately aroused t h e  i n t e r e s t  o f  Ice -  

l a n d i c  and f o r e i g n  s c i e n t i s t s .  The Sur t s ey  Research Committee, 

c o n s i s t i n g  of s c i e n t i s t s  from Ice land  and abroad ,  was formed 

t o  co-ord ina te  and s t r e n g t h e n  r e s e a r c h  work i n  t h e  e a r t h  s c i e n c e s  

and b io logy  i n  connec t ion  w i t h  Su r t s ey  and t h e  sur rounding  a r e a s .  

An i n t e n s i v e  r e s e a r c h  program was w r i t t e n ,  cove r ing  t h e  v a r i o u s  

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

The fo l lowing  r e p o r t s  by I c e l a n d i c  s c i e n t i s t s ,  engaged i n  

t h e  Su r t s ey  r e s e a r c h  p r o j e c t ,  a r e  no t  in tended  t o  show s c i e n t i f i c  

conc lus ions ,  bu t  on ly  t o  i n d i c a t e  t h e  work t h a t  has  been done 

d u r i n g  t h e  year  1964. Much d a t a  has  been c o l l e c t e d ,  which has  

no t  been thoroughly s t u d i e d  y e t .  The program w i l l  be cont inued,  

and w i l l ,  w e  hope, l e a d  t o  t h e  p u b l i c a t i o n s  of i n t e r e s t i n g  

s c i e n t i f i c  papers .  

S e v e r a l  f o r e i g n  s c i e n t i s t s  have p a r t i c i p a t e d  i n  t h e  

Su r t s ey  r e s e a r c h  program. Fur thermore,  impor tan t  a s s i s t a n c e  has  

been given t o  u s  by i n d i v i d u a l s  and i n s t i t u t i o n s  abroad f o r  

which we wish  t o  e x p r e s s  our  thanks .  E s p e c i a l l y  would I l i k e  t o  

mention P r o f e s s o r  Paul  S. Bauer of t h e  American U n i v e r s i t y ,  

Washington, D . C . ,  The O f f i c e  of Naval Research i n  Washington, 

D . C . ,  t h e  Duke Un ive r s i t y  i n  North Ca ro l ina  and t h e  U.S. Navy, 

Kef l a v i k  , I ce l and .  

Reykjavik ,  February 23 rd ,  1965 

S te ingr imur  Hermannsson 
Chairman 



The Iceland Survey Department 

MAP OF SURTSEY 

drawn a f t e r  a e r i a l  photographs 

from Oct. 23rd,  1964 

For the  h i s t o r y  o f  the  eruption and 

explanat ion  of  t h e  Map, s e e  Dr. Sigurdur 

Thorarinsson, t h i s  report  p .  51 .  
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A REPORT ON THE TEMPERATURE EFFECT OF THE SURTSEY ERUPTION 

ON THE SEA WATW 

by 
Svend Aage Malmberg 

U n i v e r s i t y  Research  I n s t i t u t e  
Department o f  F i s h e r i e s  

A .  M a t e r i a l  and Methods. 

Nine s u r v e y s  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  

d u r i n g  t h e  one  y e a r  p e r i o d  November 1963 - November 1964 (Tab le  1 ) .  

Tab le  1. Hydrographic Work i n  t h e  Waters  around S u r t s e y  

(Nov. 1963 - Nov. 1964) .  

S h i p  No. o f  No. o f  obs .  
C r u i s e  Date  s t a t i o n s  tOc S o/oo 

A l b e r t  A l b e r t  15.-16.XI 

Maria J f i l i a  P-63 1 . - 3 . X I I  

IEgir A-64 21.  -24. I 

b o r s t .  ]?orskab. K-64 31.111-3. I V  
t 1 L-64 10 .  I V  

Fanney P-64 29.-3O.V 

?Egir R-64 22.  -23. V I  

A l b e r t  Q-64 5. - 7 .VI I I  

F l G k a k l e t t u r  RII -64 16 .  -17.XI 

T o t a l  220 1051 1046 

The hydrograph ic  o b s e r v a t i o n s  c o n s i s t e d  o f  t empe ra tu r e  

measurements and c o l l e c t i o n  of wa t e r  samples  f o r  s a l i n i t y  d e t e r -  

m i n a t i o n s  and o t h e r  chemica l  a n a l y s e s .  The t e m p e r a t u r e  measure- 

ments  were made w i t h  t h e  common r e v e r s i n g  thermometer  

( - \  tOc - t 0 . 0 2 ) ,  t h e  wa t e r  s amp l ing  w i t h  Knudssn wa t e r  b o t t l e s ,  

and t h e  s a l i n i t y  d e t e r m i n a t i o n s  w i t h  t h e  c o n d u c t i v i t y  method 



(Auto-Lab Sa l i nome te r ;  A S  o/oo = 0 .003 ) .  A con t i nuous  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 e r  was a l s o  o p e r a t e d  d u r l n g  some o f  

t h e  c r u i s e s .  

The o b s e r v a t i o n s  were made on one  N-S go ing  and on one  E-W 

going  s e c t i o n ,  w i t h  S u r t s e y  i n  t h e  midd l e ,  and w i t h  s t a t i o n s  from 

12 m i l e s  d i s t a n c e  up t o  300 m d i s t a n c e  o f f  t h e  i s l a n d .  During some 

o f  t h e  crdises, o b s e r v a t i o n s  were a l s o  made on s e c t i o n s  f a r t h e r  t o  

t h e  west, a c r o s s  t h e  s h e l f  a r e a  (Se lvogsbank i ) .  

A l l  t h e s e  o b s e r v a t i o n s  a r e  v a l u a b l e  i n  connec t i on  w i t h  de- 

t a i l e d  oceanog raph i c  o b s e r v a t i o n s  i n  t h i s  v e r y  p r o d u c t i v e  a r e a  

o f f  I c e l a n d .  

I n  a d d i t i o n  t o  d a t a  from t h e  s u r v e y s  i n  t h e  s e a  a r e a  around 

S u r t s e y ,  some t empe ra tu r e  o b s e r v a t i o n s  and wate r  sampl ings  were 

made from t h e  s h o r e  o f  S u r t s e y  and a l s o  by f i she rmen  i n  t h e  s u r -  

round ing  w a t e r s .  

. B .  Obse rva t i ons  and R e s u l t s .  

On November 13, 1963, a  day b e f o r e  t h e  v i s i b l e  e r u p t i o n ,  a  

s h i p  conduc t i ng  h e r r i n g  s e a r c h  i n  t h e  a r e a  (M/T b o r s t e i n n  porska-  

b i t u r )  r e c o r d e d  a  d i s t i n c t  t empe ra tu r e  maximum o f  9 .  ~ O C  a b o u t  

2 miles sou thwes t  from the  e r u p t i o n  c e n t e r ,  w h i l e  t empe ra tu r e  i n  

o t h e r  p a r t s  o f  t h e  r e g i o n  was abou t  ~ O C .  T h i s  i n d i c a t e d  t h a t  

some underwate r  v o l c a n i c  a c t i v i t y  had a l r e a d y  s t a r t e d  a t  t h i s  

t i m e  . 
I n  t h e  n e x t  morning,  t h e  v i s i b l e  e r u p t i o n  was f i r s t  n o t i c e d  

by t h e  crew o f  a  f i s h i n g  boa t  ( I s l e i f u r  11), a  coup l e  o f  m i l e s  

away. A t  a  d i s t a n c e  o f  abou t  0 . 4  m i l e s  from t h e  e r u p t i o n  c e n t e r  

t h e  b o a t ' s  e n g i n e e r  measured a  s e a  s u r f a c e  t empe ra tu r e  o f  abou t  

l lOc, which was a t  l e a s t  3 - 3 . 5 O ~  h i g h e r  t h a n  e l sewhere  i n  t h e  

nearby c o a s t a l  a r e a .  On t h e  o t h e r  hand, no i n c r e a s e  i n  s e a  

t e m p e r a t u r e  due  t o  t h e  e r u p t i o n  was n o t i c e d  t h e  day a f t e r ,  d u r i n g  

t h e  f i r s t  oceanograph ic  su rvey  t o  t h e  a r e a  (November 15-16, 1963 ) ,  

n o t  even i n  300 m d i s t a n c e  from t h e  e r u p t i o n  c e n t e r .  



During t h e  s u r v e y s  made i n  December 1963,  January  and t h e  

beg inn ing  of  A p r i l ,  1964,  a g a i n  no i n c r e a s e  i n  s e a  t empe ra tu r e  

c ou ld  b e  found a t  s h o r t  d i s t a n c e s  from S u r t s e y .  On t h e  c o n t r a r y ,  

t h e  t e m p e r a t u r e  was s l i g h t l y  lower (abou t  0.2Oc) a t  t h e  s t a t i o n s  

worked n e a r  S u r t s e y  t h a n  f a r t h e r  away, p robab ly  a s  a r e s u l t  o f  

c o o l i n g  on a  sha l l ow  wa te r  d u r i n g  w i n t e r  t i m e .  

On A p r i l  3 ,  1964,  a  l a v a  e r u p t i o n  began ,  b u t  up t o  t h a t  

d a t e  t h e  main e r u p t i o n  m a t e r i a l  c o n s i s t e d  o f  a  t eph ra - l aden  mass.  

On A p r i l  1 0 ,  1964,  d u r i n g  a  c o n t i n u o u s  f l ow  of  l a v a  from t h e  

i s l a n d  i n t o  t h e  s e a ,  a  s e a  s u r f a c e  t empe ra tu r e  of  8 . 3 O ~  was 

r e c o r d e d  0 . 4  m i l e s  e a s t  o f  S u r t s e y ,  which was 0 .  5OC h i g h e r  t h a n  

f a r t h e r  away. 

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

f a c e  t e m p e r a t u r e  d u r i n g  t h e  summer months (May, June ,  J u l y ,  Augus t ) ,  

because  o f  t h e  s e a s o n a l  warming-up due  i n  t h e  s u r f a c e  l a y e r ,  b u t  

a t  l e a s t  no unusua l  i n t e n s e  warming-up due  t o  t h e  e r u p t i o n  was 

obse rved  on t h e  c r u i s e s  i n  May and June ,  1964. 

On J u l y  6 ,  1964,  f i she rmen  r e p o r t e d  a  s e a  s u r f a c e  t e m p e r a t u r e  

o f  30-40°c i n  5 0  m d i s t a n c e  from t h e  lava-sea  i n t e r f a c e  a t  t h e  

s h o r e  o f  S u r t s e y ,  T h i s  h i g h  t e m p e r a t u r e  was suppo r t ed  by tempera-  

t u r e  measurements made by a  g roup  from t h e  P h y s i c s  Labo ra to ry  

o f  t h e  U n i v e r s i t y  of  I c e l a n d  on September 1 2 ,  1964,  i n  a  c r e e k  

a t  t h e  s h o r e s  o f  S u r t s e y .  The wea ther  c o n d i t i o n  was v e r y  f a v o u r -  

a b l e .  The r e s u l t s  a r e  g iven  i n  T a b l e  2 .  

Tab l e  2 .  Sea Temperature  and S a l i n i t y  Measurements on S u r t s e y  

on September 1 2 ,  1964. 

Depth D i s t a n c e  from t h e  l ava-sea  
m i n t e r f a c e  t °C S  o / l oo  



On 0c tobe r  10 ,  1964, measurements were a g a i n  made on S u r t s e y .  

The tempera ture  on t h e  SE-coast i n  about  3 m d i s t a n c e  from t h e  lava-  

sea  i n t e r f a c e  was 16-17Oc, and t h e  s a l i n i t y  was 34.98 o/oo S. A t  

t h i s  t ime t h e r e  was a  c o n s i d e r a b l e  s w e l l  which made o b s e r v a t i o n s  

d i f f i c u l t .  Observa t ions  were a l s o  made i n  a  lagoon on Sur t s ey  

du r ing  t h a t  t r i p .  The tempera ture  t h e r e  was 6.2Oc and t h e  s a l i n i t y  

34.03 o/oo S. 

On t h e  c r u i s e s  i n  September and November, 1964, a g a i n  no 

i n c r e a s e  i n  sea  tempera ture  due t o  t h e  e r u p t i o n  was observed.  

Thus i t  may be  concluded t h a t  t h e  h e a t i n g  e f f e c t  of t h e  

e r u p t i o n  upon t h e  s e a  water  has  been very l i t t l e ,  e s p e c i a l l y  

a f t e r  t h e  i s l a n d  was born.  The sea  wa te r ,  f i r s t  i n  c l o s e  c o n t a c t  

w i t h  t h e  c r a t e r ,  and l a t e r  w i t h  t h e  l ava  mass,  must of  c o u r s e  

have been heated up l o c a l l y ,  bu t  owing t o  t h e  i n t e n s e  mixing 

w i t h  t h e  v a s t  q u a n t i t y  of sur rounding  ocean w a t e r ,  t h i s  e f f e c t  

cou ld  n o t  be t r a c e d  i n  a s  s h o r t  a  d i s t a n c e  from Sur t sey  a s  0.5-1.0 

m i l e s ,  and on ly  on one occas ion  i n  about 0 . 4  miles d i s t a n c e  from 

Sur t sey  . 



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 .  
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R E P O R T  

ON DISPERSAL OF PLANTS TO SURTSEY 

Eyt hor E i n a r s s o n  
Museum o f  N a t u r a l  H i s to ry  

Department o f  Botany 

The p r e s e n t  a u t h o r  v i s i t e d  S u r t s e y  two t i m e s  d u r i n g  1964 

f o r  t h e  purpose  o f  i n v e s t i g a t i n g  d i s p e r s a l  o f  p l a n t s  t o  t h e  is- 

l and .  The f i r s t  v i s i t  was made on May 2 1 s t ,  t h e  second on  

October  1 5 t h .  During b o t h  v i s i t s  a thorough  s e a r c h  f o r  macro- 

s c o p i c  p l a n t s ,  o r  p a r t s  o f  p l a n t s ,  was made on t h e  sandy s h o r e s  

of  t h e  e a s t ,  n o r t h  and n o r t h  w e s t  c o a s t s  o f  t h e  i s l a n d  and on 

t h e  s h o r e s  o f  t h e  Lagoon, i n t o  which t h e  s e a  is r e a c h i n g  d u r i n g  

heavy s o u t h  e a s t  and e a s t  wind a t  h i g h  w a t e r .  Because o f  s u r f  

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

t h e  l a v a  s h o r e s  of t h e  west, s o u t h  and s o u t h  e a s t  c o a s t s  o f  

t h e  i s l a n d .  

Dur ing b o t h  v i s i t s  p l a n t  p a r t s  were found d r i f t e d  a s h o r e ,  

j u s t  a s  c an  be  found on t h e  s h o r e  a lmos t  everywhere i n  I c e l a n d ,  

b u t  no macroscopic  p l a n t s  were found growing on t h e  c o a s t  w i t h  

t h e  s i n g l e  e x c e p t i o n  o f  some f i l a m e n t o u s  Chlorophyceae s p e c i e s ,  

which were found forming l i t t l e  mats  on a s h o r e  d r i f t e d  p i e c e  o f  

wood. Most o f  t h e s e  p l a n t  p a r t s  were found on t h e  s h o r e  e a s t  o f  

t h e  Lagoon. 

P a r t s  o f  t h e  f o l l o w i n g  p l a n t  s p e c i e s  were found on  t h e  

i s l a n d :  

On May 2 1 s t :  

Vas cu l a r  p l a n t s :  

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

l e a v e s ,  1 i n f l o r e s c e n c e  and stem w i t h  stem l e a v e s  and 

i n f l o r e s c e n c e .  

Elymus a r e n a r i u s  L. 1 o l d  s e e d .  

L igus t i cum skot icum L. 3 f r e s h  g r e e n  b a s a l  l e a v e s .  



M a t r i c a r i a  mar i t ima L.  Ca. 2 5  f r e s h  g r e e n  b a s a l  l e a v e s  

and 1 f r e s h  young p l a n t  w i t h  b a s a l  l e a v e s  and t h e  upper-  

most p a r t  o f  t h e  r o o t .  T h i s  young p l a n t  was brought  t o  

Reykjav ik  and p o t t e d ,  b u t  d i d  n o t  s u r v i v e .  

Poa p r a t e n s i s  L. Some few f r e s h  g r e e n  l e a v e s  and s t o l o n s .  

Sedum r o s e a  (L.) Scop, Some few f r e s h  g r een  l e a v e s  and 

3 f r e s h  g r e e n  s tems w i t h  l e a v e s .  

Algae: 

Ascophyllum nodosum (L.) Le. J o l .  Some 40 t h a l l u s  f r a g -  

ments ,  one  o f  them w i t h  a n  e p i p h y t i c  growing Monostroma s p .  

n e a r  t h e  ba se .  

Fucus i n f l a t u s  L. and Fucus v e s i c u l o s u s  L. 20-30 t h a l l u s  

f r agmen t s  o f  each  s p e c i e s .  

A s p e c i e s  o f  f i l a m e n t o u s  g r e e n  a l g a e ,  p robab ly  be long ing  

t o  Chlorophyceae ,  found growing on a s h o r e  d r i f t e d  p i e c e  

o f  wood. 

On October  1 5 t h :  

Vascu la r  p l a n t s :  

Alopecurus  p r a t e n s i s  L. 1 p a n i c l e  w i t h  few s e e d s .  C o l l e c t e d  

f o r  ge rmina t  i a n  a b i l i t y  c o n t r o l .  

Ange l ica  a r c h a n g e l i c a  L. 1 o l d  s t e m  w i t h  l e a v e  b a s e s .  

Anthoxanthum odoratum L. 1 p a n i c l e  w i t h  few s e e d s .  

C o l l e c t e d  f o r  ge rmina t i on  a b i l i t y  c o n t r o l ,  

Euph ra s i a  s p .  1 i n f l o r e s c e n c e  w i t h  open and empty 

c a p s u l e s .  

Fe s tuca  r u b r a  L. 2  stems w i t h  l e a v e s ,  one  o f  them w i t h  

a  p a n i c l e  w i thou t  any s e e d s .  

Galium borea1.e L. A p a r t  of  a  stem w i t h  two l e a v e  whor l s .  

Mer t ens i a  mar i t ima (L.) S.F.  Gray. A p a r t  o f  s t e m  w i t h  

f r e s h  l e a v e s .  



Sedum r o s e a  scop.  stem w i t h  f o l l i c l e s .  

S i l e n e  marit ima With. A c a l y x  w i t h  f ragments  of a c a p s u l e .  

A r o o t ,  probably of  some g r a s s  s p e c i e s .  C o l l e c t e d ,  p o t t e d  

i n  Reykjavik ,  Seems t o  be  dead now. 

Algae: 

Chorda s p .  20-30 t h a l l u s  f ragments .  

Ascophyllum nodosum Le. J o l .  t h a l l u s  f ragments .  

Fucus i n f l a t u s  L. Some few t h a l l u s  f ragments .  

Fucus v e s i c u l o s u s  L. @a .  20 t h a l l u s  f ragments .  

Odonthal ia  d e n t a t a  (L.  1 Lyngb. 1 t h a l l u s  fragment.  



BIOLOGICAL RECORDS ON SURTSEY 

S t u r l a  F r i a r i k s s o n  
The U n i v e r s i t y  Research  I n s t i t u t e  

Reyk j av ik ,  I c e l a n d  

The r e c o r d i n g  of  t h e  c o l o n i z a t i o n  of  t h e  d r y l a n d  b i o t a  on 

t h e  i s l a n d  o f  S u r t s e y  h a s  been performed a t  app rox ima te ly  monthly 

i n t e r v a l s ,  s i n c e  i t  was f o r e s e e n ,  i n  t h e  s p r i n g  of  1964,  t h a t  t h e  

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

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

f o rma t ion  on t h e  s u c c e s s i v e  o r d e r  i n  which l i v i n g  o rgan i sms  

c o l o n i z e  a v i r g i n  i s l a n d  i n  t h e  Nor th -A t l an t i c ,  a s  w e l l  a s  i t  

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

l i f e  forms and t h e i r  means o f  t r a n s p o r t  ove r  a n  ocean body. 

L i v i n g  organisms can  e i t h e r  r e a c h  t h e  i s l a n d  by t h e i r  own 

m o b i l i t y  o r  c a n  be suppo r t ed  by o t h e r  a g e n t s .  Undoubtedly man 

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

r e s t r i c t i n g  unnecessa ry  v i s i t s  o f  p e o p l e  t o  t h e  i s l a n d .  

B i r d s  invade  t h e  i s l a n d  on t h e i r  own wing s u p p o r t  and s o  

do  p o s s i b l y  a l s o  some of  t h e  f l y i n g  i n s e c t s ,  

The d i s p e r s a l  o f  o t h e r  l i v i n g  forms a r e  by b i r d s ,  by a i r  

and by ocean c u r r e n t s .  

The immigra t ion  t o  t h e  i s l a n d  w i l l  most l i k e l y  t a k e  p l a c e  

from t h e  ne ighbou r ing  i s l a n d s  and t h e  mainland o f  I c e l a n d .  The 

d r y l a n d  c l o s e s t  t o  S u r t s e y  is a  sock  a t  a  d i s t a n c e  o f  5 .5 ,km,  

where a  few s p e c i e s  o f  h i g h e r  p l a n t s  a r e  t o  be  found.  

A t  t h e  d i s t a n c e  o f  20  km is t h e  l a r g e s t  among t h e  Vestmann 

I s l a n d s  w i t h  a  f l o u r i s h i n g  fauna and f l o r a .  The d i s t a n c e  from 

S u r t s e y  t o  tbe mainland e x t e n d s  t o  o v e r  30 km. 

The v a r i o u s  members o f  t h e  Vestmann I s l a n d s  d i f f e r  i n  



number o f  p l a n t  s p e c i e s  and s i m i l a r l y  t h e  island!! d i f f e r  i n  

t h a t  r e s p e c t  from t h e  mainland.  

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

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

has  t r a v e l l e d ,  i n  o r d e r  t o  r e a c h  t h e  new i s l a h d .  T h i s  may g i v e  

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

o f  v a r i o u s  p l a n t s .  Although t h e  immigra t ing  b i o t a  is m o s t  l i k e l y  

t o  d e r i v e  from I c e l a n d , t h e r e  is  s t i l l  t h e  p o s s i b i l i t y  o f  a  l ong  

d i s t a n c e  d i s p e r s a l  from o t h e r  European c o u n t r i e s ,  

S u r t s e y  is by now t h e  southernmost  p a r t  o f  I c e l a n d ,  and it  

is q u i t e  p o s s i b l e  t h a t  t h e  m i g r a t i n g  b i r d s  from t h e  c o n t i n e n t  of  

Europe may l and  on t h e  i s l a n d ,  a f t e r  t h e  f l i g h t  a c r o s s  t h e  ocean .  

On S u r t s e y  i t  might  b e  p o s s i b l e  t o  d e t e c t  whether  t h e s e  b i r d s  

do c a r r y  p l a n t s  and lower a n i m a l s ,  and t h u s  t o  what e x t e n t  b i r d s  

t a k e  p a r t  i n  t h e  t r a n s p o r t  o f  t h e  b i o t a  a c r o s s  t h e  A t l a n t i c  Ocean. 

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

i n s e c t s  and by a  s t u d y  o f  a i r  c u r r e n t s  i n  t h e  A t l a n t i c  i t  may b e  

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

Va r ious  f l o a t i n g  o b ~ e c t s  d r i f t  a s h o r e  c a r r i e d  by ocean  

c u r r e n t s .  

Among t h e  d e b r i s  a r e  found p l a n t  p a r t s  and a  few lower 

an ima l s  t h a t  sometimes have been c a r r i e d  a t t a c h e d  t o  f l o a t s  o r  

d r i f t  wood. 

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

t h e  n e a r e s t  i s l a n d s  is s h o r t  compared t o  t h e  d i s t a n c e  between 

I c e l a n d  and t h e  c o n t i n e n t  of  Europe,  t h e  s t u d y  o f  t h e  c o l o n i z a t i o n  

o f  t h e  new i s l a n d  may g i v e  some i n d i c a t i o n  a s  t o  t h e  way t h e  b i o t a  

does  d i s p e r s e  i n  t h e  Nor th  A t l a n t i c  and i t  may e x p l a i n  some f a c t s  

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

P r e v i o u s l y ,  r e c o r d s  have been k e p t  on  some b i o l o g i c a l  

e v e n t s  t a k i n g  p l a c e  on t h e  i s l a n d .  The f i r s t  r e c o r d s  have been 

p u b l i s h e d  (S .  F r i d r i k s s o n ,  M6ttfirufraedingurinn 1964) .  F u r t h e r  



d a t a  have been c o l l e c t e d  and o t h e r  problems a r e  under s t u d y .  

Undoubtedly,  microbes  and a i r b o r n  s p o r e s  were t h e  f i r s t  

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

been comple t e ly  devoid  of  l i f e  a f t e r  t h e  c o n s t a n t  shower o f  ho t  

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

When t h e  f i r s t  a t t e m p t  was made t o  e s t i m a t e  t h e  number and 

k i n d s  of  mic robes  a t  two d i f f e r e n t  sites on t h e  i s l a n d  a s  w e l l  

a s  i n  t h e  l agoon ,  formed on  t h e  n o r t h  e a s t  c o a s t ,  it was no t ed  

t h a t  t h e  m i c r o b i a l  f l o r a  was ex t r eme ly  s p a r s e  and s c a n t y  i n  

s t r a i n s .  

Fungi  were sought  a t  s e a  l e v e l  and  f u r t h e r  up, and found t o  

be r a t h e r  r a r e ,  e s p e c i a l l y  a t  t h e  h i g h e r  l e v e l s .  

Algae  and v a r i o u s  forms o f  p l ank ton  may have been washed 

upon t h e  s h o r e s  o f  t h e  newborn i s l a n d  a t  a n  e a r l y  d a t e  a s  q u i t e  

a  few forms of  t h e s e  were c o l l e c t e d  when t h e  f i r s t  i n v e s t i g a t i o n  

was made on May 1 4 t h ,  1964,  

The re  have a s  y e t  been no s i g n s  o f  mosses o r  l i c h e n s ,  and 

no v a s c u l a r  p l a n t s  have s o  f a r  grown on t h e  i s l a n d .  Va r ious  

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

and germinab le  s eed  have been found.  These p l a n t  p a r t s  have been 

mos t ly  of c o a s t a l  s p e c i e s  found growing on t h e  ne ighbou r ing  

i s l a n d s ,  s u c h  a s  s e a  r o c k e t s ,  lyme g r a s s ,  b i s t o r t ,  w i l d  chamomile, 

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

These  v a r i o u s  p l a n t  p a r t s  have been c o l l e c t e d  and a s t u d y  

made of  t h e i r  v i v i d n e s s  a f t e r  t h e i r  a p p a r e n t  immersion i n  s a l t  

w a t e r .  I n  compar ison f r e s h  p l a n t  p a r t s  and s eed  have been immersed 

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

and ge rmina t i on  a b i l i t y  measured f o l l o w i n g  s u c h  t r e a t m e n t .  

S u r f a c e  samples  of  t e p h r a  from d i f f e r e n t  s i t e s  have been 

c o l l e c t e d  f o r  a  p o s s i b l e  s t u d y  o f  i ts  c o n t e n t  o f  lower o rgan i sms  

and t h e i r  p a r t  p layed  i n  f o r m a t i o n  of  s o i l .  



The occurrence o f  two f l y i n g  i n s e c t s  has  been recorded and 

a no te  made o f  t h e  presence o f  var ious  b i r d s  and s e a l s  tha t  have 

been found v i s i t i n g  the  i s l a n d .  



R E P O R T  

ON TKE MARINE BIOLOGICAL SURVEY AROUND AND 

ON SURTSEY 

A d a l s t e i n n  S igu rds son  
The U n i v e 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  

P l ank ton  and bottom samples  were t a k e n  around S u r t s e y  on 

December 1-2,  1963,  1-12 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 .  A t r a w l -  

i n g  s t a t i o n  was a l s o  t a k e n  54 n a u t i c a l  m i l e s  W o f  t h e  i s l a n d ,  

where t h e  c a t c h  c o n s i s t e d  o f  8 s p e c i e s  o f  f i s h  b e s i d e s  Norway 

l o b s t e r .  

The r e s u l t  from t h i s  s u r v e y  suppo r t ed  t h e  g e n e r a l  view t h a t  

l i f e  was normal around S u r t s e y .  

On January  2 3 r d ,  1964,  zoop lank ton  samples  were t a k e n  around 

S u r t s e y .  They have n o t  been worked up y e t .  

Phyto- and zoop l ank ton ,  a s  w e l l  a s  bottom a n i m a l s ,  were 

sampled around S u r t s e y  A p r i l  2-3, 1964. On A p r i l  3 r d  a  t r a w l i n g  

s t a t i o n  was a l s o  t a k e n  2&-6 n a u t i c a l  miles SE o f  S u r t s e y ,  where 

we o b t a i n e d  11 s p e c i e s  o f  f i s h .  

The samples  a l r e a d y  worked up d i d  n o t  show a n y t h i n g  e x t r a -  

o r d i n a r y .  However, a t  t h e  s t a t i o n s  l o c a t e d  1 n a u t i c a l  m i l e  o f f  

t h e  i s l a n d ,  t h e r e  was a  l a y e r  o f  v o l c a n i c  sand over  t h e  mud, and 

fewer a n i m a l s  were o b t a i n e d  t h e r e  t h a n  a t  t h e  s t a t i o n s  f u r t h e r  

away. We c o u l d  no t  measure t h e  t h i c k n e s s  o f  t h a t  l a y e r .  

Phyto- and zoop lank ton  were t a k e n  around S u r t s e y  on t h e  

1 0 t h  o f  A p r i l ,  1964. The compos i t i on  of  p l a n k t o n  was s i m i l a r  t o  

t h a t  found a b o u t  one week e a r l i e r .  

On May 29-30, 1964,  phyto-and zoop lank ton  and bot tom 

samples  were take11 apound S u r t s e y .  The bottom sampl ings  were 

u n s u c c e s s f u l  because  o f  t e c h n i c a l  d i f f i c u l t i e g .  



The s amp le s ,  which have been worked up,  have n o t  shown 

a n y t h i n g  e x t r a o r d i n a r y .  

The same can  be  s a i d  a b o u t  p l a n k t o n  samples  from June 22-23, 

and p l a n k t o n  and bottom samples  from September 5-7, 1964. 

On November 16-17, 1964,  p l a n k t o n  samples  were t a k e n  t o  

c o l l e c t  l a r v a e  o f  f i s h  and bottom an ima l s .  A s  was t o  be expec ted  

a t  t h i s  t i m e  o f  y e a r ,  ve ry  few l a r v a e  were found .  

Bottom samples  were a l s o  t a k e n  and t h e r e  were l i v i n g  a n i -  

mals  i n  a l l  o f  them. The m a t e r i a l  from one s t a t i o n  on ly  h a s  been 

worked up a s  y e t .  T h i s  s t a t i o n  was c l e a r l y  o v e r  t h e  new l a v a  on 

t h e  s e a  f l o o r ,  0 .2  n a u t i c a l  m i l e s  W o f  t h e  i s l a n d ,  o f f  a  p l a c e  

where l a v a  was f l owing  i n t o  t h e  s e a  and where t h e  d e p t h  was 70 m. 

The sample was t a k e n  by a  s c r a p e r .  A s  cou ld  be  e x p e c t e d ,  i t  g o t  

c augh t  a t  once.  However, t h e  sample  o b t a i n e d  c o n t a i n e d  some 

f ragments  o f  new l a v a  and 8 a n i m a l s  l i s t e d  below: 

Name - Number 

P e c t e n a r  i a  Boren i  

Po r tunus  h o l a s t e r  

Panda lu s  montagui  

Crangon a l l m a n i  

T h i s  sample shows a n  e a r l y  immigra t ion  t o  t h e  l a v a  on t h e  

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

s u r p r i s i n g  one .  

Every o t h e r  week i n  summer and eve ry  t h i r d  week i n  w i n t e r  

m / s  G u l l f o s s  h a s  t a k e n  samples  w i t h  Cont inuous  P l ank ton  Recorder  

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

g i n n i n g  o f  t h e  e r u p t i o n  were i n  good acco rdance  w i t h  t h e  samples  

from p r e v i o u s  y e a r s .  

A l l  t h e  mar ine  b i o l o g i c a l  s u r v e y s  seem t o  i n d i c a t e  t h a t  

t h e  e r u p t i o n  h a s  n o t  had any e f f e c t  on t h e  l i f e  i n  t h e  s e a ,  

e x c e p t  f o r  t h e  bot tom a n i m a l s  i n  t h e  a r e a  covered  by a  t h i c k  

l a y e r  o f  v o l c a n i c  m a t e r i a l .  



S c i e n t i s t s  who have worked up t h e  samples: 

Ingvar  Ha l lg r imsson  

J u t t a  Magndsson 

A d a l s t e i n n  S igu rds son  

Unnur S k i i l a d 6 t t i r  

S r u n n  P6rdard6 t  t i r  

Zooplankton 

Zooplankton 

Bottom a n i m a l s  and 
t h e i r  l a r v a e  

Bottom a n i m a l s  

Phy top lank ton  

The s h o r e  a t  t h e  n o r t h  c o a s t  o f  S u r t s e y  was examined f o r  

mar ine  a n i m a l s  November 2 5 t h ,  1964, 

The a n i m a l s  which had d r i f t e d  a s h o r e  were: 

Euphausiacea  i n  g r e a t  numbers 

Amphipoda tv 

C i r r i p e d i a  (Lepas s p .  ) some few on d e b r i s  d r i f t e d  
a s h o r e  

Chaetognatha  

S c o p e l i d a e  

Scyphozoa 

a  few an ima l s  

few a n i m a l s  
e e 

None o f  t h e s e  an ima l s  have i n t e r e s t  a s  immigrants .  



G E O C H E M I S T R Y  



Measurements on t h e  D/H-ratio i n  Hp-aas and 

wa t e r  vapour c o l l e c t e d  a t  t h e  v o l c a n i c  

i s l a n d  S u r t s e v  d u r i n g  t h e  v e a r  1964.  

B rag i  Arnason,  
U n i v e r s i t y  of  I c e l a n d ,  P h y s i c a l  L a b o r a t o r y ,  

Reyk jav ik ,  I c e l a n d  

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

During t h e  yea r  1964 f o u r  v i s i t s  were made t o  t h e  v o l c a n i c  

i s l a n d  S u r t s e y  . 
The r e a s o n  f o r  t h e s e  v i s i t s  was t o  a t t e m p t  t o  c o l l e c t  samples  

of  v o l c a n i c  g a s e s  and wate r  vapour ,  e s c a p i n g  from t h e  mol ten  l a v a ,  

f o r  D/H-measurements. 

The v i s i t s  were made on May 2 1 s t ,  August 1 9 t h ,  October  1 5 t h  

and November 2 5 t h .  

On t h e  f i r s t  v i s i t ,  May 2 1 s t ,  i t  was i m p o s s i b l e  t o  approach  

t h e  c r a t e r ,  b u t  b o t h  wa te r  and g a s  samples  were c o l l e c t e d  from 

f i s s u r e s  i n  t h e  l a v a  f i e l d .  The t e m p e r a t u r e  i n  t h e  bottom of t h e  

f i s s u r e s  was a b o u t  8 4 0 ~ ~ .  

The g a s  a n a l y s i s  showed a lmos t  a tmosphe r i c  g a s  c o n t a i n i n g  

no hydrogen1) and t h e  condensed w a t e r  vapour  measured f o r  i t s  

D/H-ratio showed a lmos t  t h e  same deu te r ium c o n t e n t  a s  o c e a n i c  w a t e r .  

On t h e  v i s i t  on August 1 9 t h  i t  was a g a i n  imposs ib l e  t o  

approach t h e  crater and on ly  samples  o f  g a s  from a  f i s s u r e  i n  t h e  

l a v a  f i e l d  were c o l l e c t e d .  

1 )  These  showed a lmost '  t h e  same r e s u l t s  a s  p r e v i o u s l y  . 
On October  1 5 t h  i t  was p o s s i b l e  t o  g e t  much c l o s e r  t o  t h e  

c r a t e r  and a  chimney was found from which t h e  g a s  was e s c a p i n g  

w i t h  g r e a t  f o r c e .  



Chemical a n a l y s i s  o f  t h i s  g a s  i n d i c a t e d  t h a t  i t  was mos t ly  

magmatic g a s ,  which c o n t a i n e d  abou t  23% hydrogen and abou t  1% 

n i t r o g e n  + i n e r t  g a s e s l ) .  

On November 2 5 t h  it was a l s o  p o s s i b l e  t o  come q u i t e  c l o s e  t o  

t h e  c r a t e r ,  b u t  t h e  c o n d i t i o n s  had changed,  s o  t h a t  it was imposs ib l e  

t o  c o l l e c t  a s  good g a s  samples  a s  on t h e  p r e v i o u s  o c c a s i o n .  The g a s  

samples  c o n t a i n e d  s o  much a tmosphe r i c  oxygen t h a t  t h e  hydrogen was 
1 )  c omp le t e ly  burned t o  wa te r  . 

D e s p i t e  t h i s ,  t h e  D/H a n a l y s i s  on t h e  wa te r  gave a  DJH-ratio 

t h a t  was no t  f a r  from t h e  D/H-ratio i n  t h e  wa t e r  c o l l e c t e d  on 

October 1 5 t h  ( s e e  t a b .  1). 

Method o f  c o l l e c t i o n :  

A s t a i n l e s s  s t ee l  t u b e  o f  a b o u t  8 mm d i ame te r  was p u t  i n  t h e  

f i s s u r e  and connec ted  t o  a  t r a p ,  which was used t o  condense  t h e  

water vapour .  250 m 1  g a s  sample t u b e s  made from pyrex g l a s s  

were connec ted  t o  t h e  t r a p .  

On October  1 5 t h  t h e  s t a i n l e s s  s t ee l  t u b e  a c t e d  a s  a  condenser  

b u t  on November 2 5 t h  and a l l  o t h e r  o c c a s i o n s  a  t r a p  of  pyrex  g l a s s  

coo led  t o  -80°C was used.  (See  f i g .  1 ) .  

Ana ly s i s :  

The wa t e r  was conve r t ed  t o  hydrogen g a s  a s  d e s c r i b e d  by 

~ r i e d m a n ~ ) ,  and ana ly sed  f o r  i ts D/H-ratio i n  a  s p e c i a l l y  con- 
2 )  s t r u c t e d  mass s p e c t r o m e t e r  . 

The r e s u l t s  a r e  exp re s sed  a s  deu te r ium enr ichment  ( p l u s  d 

v a l u e )  o r  d e p l e t i o n  ( n e g a t i v e  8 v a l u e )  r e l a t i v e  t o  SMOW (S t anda rd  

Mean Ocean Water ,  hav ing  a  D/H-ratio of  abou t  158 .10  06~3) 

The g a s  a n a l y s i s  was made a s  f o l l o w s :  The g a s  was f i r s t  

g a s s e d  t h rough  a  l i q u i d  a i r  coo l ed  t r a p ,  t o  condense  t h e  heavy 

components.  The r e s i d u a l  g a s  c o n t a i n i n g  n i t r o g e n ,  hydrogen and 

i n e r t  g a s e s  was t h e n  passed  t h rough  a  copper  o x i d e  oven a t  abou t  



500°c, where t h e  hydrogen was comple te ly  burned t o  w a t e r .  The 

r e s u l t i n g  wa t e r  vapour  was t h e n  a l lowed  t o  p a s s  i n t o  a l i q u i d  a i r  

coo l ed  t r a p ,  whereby i t  was f r o z e n  o u t .  

The r e s i d u a l  g a s ,  now c o n t a i n i n g  n i t r o g e n  and i n e r t  g a s e s ,  

was t h e n  pumped away and t h e  condensed wa t e r  a l lowed  t o  r e e v a p o r a t e  

and pa s sed  t h rough  . a ,  uranium oven i n  t h e  u s u a l  way, a s  d e s c r i b e d  
2 by Friedman , 

The hydrogen g a s  was t h e n  a n a l y s e d  i n  t h e  same mass s p e c t r o -  

meter a s  t h e  wa t e r  samples .  

The accu racy  o f  t h e  measurements is  w i t h i n  0.2%. Tab. 1 

shows t h e  r e s u l t s .  

D i s cus s ion :  

Al though t h e  number o f  measurements is l i m i t e d ,  t h e y  may 

g i v e  some i n d i c a t i o n s .  

For  example, i f  w e  u s e  t h e  v a l u e s  from October  1 5 t h ,  

b q ~  = -5.0% and 8~~ - -14.388,and s a y  t h a t  t h e  hydrogen and 

wate r  is i n  e q u i l i b r i u m  a t  t O C ,  w e  c an  c a l c u l a t e  t h e  e q u i l i b r i u m  

cons tan t ,  K - 1. llXX and u s e  t h e  t h e o r e t i c a l l y  e s t i m a t e d  e q u i l i b r i u m  

c o n s t a n t s  f o r  v a r i o u s  t empe ra tu r e s4 ) .  Then w e  w i l l  o b t a i n  t - 10IO°C, 
5 )  which is not Par from the measured g a s  t e m p e r a t u r e  ( c a .  114Q°C) 

F i g .  2 shows t h e  t h e o r e t i c a l l y  c a l c u l a t e d  e q u i l i b r i u m  c o n s t a n t  

f o r  t h e  r e a c t i o n  %0 + HD-+HW + % (vapour phase )4 ) .  
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TABLE 1 

Measurements on t h e  D/H-ratio i n  %-gas and water 

vapour c o l l e c t e d  a t  Surtsey during 1964. 

Date of sampling Sample no.  
Water 
% a 

May 2 1 s t  
11 

e l  

11 

01 

t 1 

t 1 

11 

11 

October 15th 
P *  

November 25 th  
e  s 

e l  







PRELIMINARY REPORT ON COLLECTION AND ANALYSIS OF 

VOLCANIC GASES FROM SURTSEY 

by 
Gudmundur $. S i g v a l d a s o n  and Gunnlaugur E l i s s o n ,  

The U n i v e r s i t y  Resea rch  I n s t i t u t e ,  Reyk jav ik .  

C o n s i d e r a b l e  e f f o r t  h a s  been e x e r c i s e d  i n  c o n n e c t i o n  w i t h  

sampl ing  and a n a l y s i s  of v o l c a n i c  g a s e s  from S u r t s e y .  R e l a t i v e l y  

l i t t l e  i n f o r m a t i o n  is a v a i l a b l e  on t h e  c h e m i s t r y  o f  v o l c a n i c  

g a s e s  from I c e l a n d  and o t h e r  p a r t s  o f  t h e  Mid-At lan t i c  Ridge .  

On t h e  o t h e r  hand c o n s i d e r a b l e  i n f o r m a t i o n  on v o l c a n i c  g a s e s  from 

t h e  P a c i f i c  a r e a  h a s  been accumula ted  d u r i n g  t h e  p a s t  few y e a r s ,  

and it w i l l  b e  of  major  i n t e r e s t  t o  compare t h e  c h e m i s t r y  of  

v o l c a n i c  g a s e s  from t h e  A t l a n t i c  and P a c i f i c  a r e a s .  

S h o r t l y  a f t e r  t h e  S u r t s e y  e r u p t i o n  changed o v e r  t o  a  q u i e t  

o u t p o u r i n g  o f  l a v a ,  a t t e m p t s  were made t o  c o l l e c t  e s c a p i n g  g a s e s .  

During 1964 f o u r  s u c h  a t t e m p t s  were made on May 2 1 s t ,  August 1 9 t h ,  

October  1 5 t h  and November 2 5 t h .  On e a c h  o f  t h e s e  o c c a s i o n s  d i f f e r e n t  

c o n d i t i o n s  o f  sampl ing  were met w i t h  s i n c e  c o n d i t i o n s  a t  t h e  

c r a t e r  changed r a p i d l y .  

May 2 1 s t .  Samples were t a k e n  from a  l a v a  f i s s u r e  away from 

t h e  main s t r e a m  o f  l a v a .  One meter below t h e  s u r f a c e  t h e  l a v a  was 

s t i l l  g lowing ,  t e m p e r a t u r e  measurements w i t h  a n  o p t i c a l  pyrometer  

i n d i c a t e d  8 4 0 ~ ~ .  Copper t u b i n g  was used t o  draw t h e  g a s  i n t o  a  

dewer b o t t l e , c o o l e d  i n  a i r ,  where w a t e r  was condensed and from 

t h e r e  t h e  g a s  was pumped i n t o  t h e  g a s  sampl ing  t u b e s .  

August 1 9 t h .  On t h i s  sampl ing  t r i p  c o n d i t i o n s  were s i m i l a r  

a s  d u r i n g  t h e  f i r s t  t r i p .  Copper t u b i n g  p roved ,  however,  f u l l y  

i n a d e q u a t e ,  because  of  d r a s t i c a l  c o r r o s i o n  o f  t u b e s  and t o o  low 

m e l t i n g  p o i n t .  

October  1 5 t h .  C o n d i t i o n s  a t  t h e  c r a t e r  had now changed 

i n  such  a  way, t h a t  t h e  main bu lk  of  l a v a  escaped  by c l o s e d  

c h a n n e l s  a f t e r  r emain ing  f o r  a s h o r t  w h i l e  i n  t h e  open c r a t e r .  



A t  a  few p l a c e s  a l o n g  t h e  channe l  r oo f  g a s e s  escaped .  Sampling 

was performed a t  one such  e x i t ,  a  narrow open ing  where g a s e s  

were e m i t t e d  a t  h igh  v e l o c i t y .  A t  1 0  c m  h i g h  t o r c h  l i k e  sodium 

co lou red  f l ame  was formed a s  t h e  g a s e s  burned w i t h  a tmospher ic  

oxygen. 

Temperature  measurements were a t t emp ted  w i t h  thermocouples  

mounted on t h e  end o f  an  i r o n  t u b e .  T h i s  t u b e  mel ted  i n  t h e  

f lame.  F o r t u n a t e l y  t h e  copper  t u b i n g  used f o r  p r e v i o u s  sampl ing 

a t t e m p t s  had now been r e p l a c e d  w i t h  a  t u b e  o f  s t a i n l e s s  s t e e l ,  

which was lowered below t h e  ba se  o f  t h e  f l ame .  The g a s  i n s t a n t l y  

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

above a tmosphe r i c  a l l  a l o n g  t h e  sampl ing t r a i n ,  con t amina t i on  

was e f f e c t i v e l y  p reven ted .  Because o f  r a p i d  r e a c t i o n  between 

su lphu r  d i o x i d e  and hydrogen s u l p h i d e  under t h e s e  c o n d i t i o n s ,  

t h e  p r e s e n c e  o f  H2S was checked w i t h  l e a d  a c e t a t e  paper  a t  t h e  

end o f  t h e  s t a i n l e s s  s tee l  t ube .  The t es t  was n o t  i n d i c a t i v e  o f  

any a p p r e c i a b l e  amount o f  H2S, a  f a i n t  brownish c o l o u r  developed 

on t h e  pape r .  I n  t h e  condensa t e ,  however, c o n s i d e r a b l e  amount 

of  e lementa ry  su lphu r  was p r e c i p i t a t e d  r e s u l t i n g  e i t h e r  from 

t h e  r e a c t i o n  2H2S + SO2 2H20 + 3S o r  condensa t i on  of  

su lphu r  gas .  

Because of  t h e  l a r g e  amount o f  g a s  f l owing  th rough  t h e  

sampl ing t r a i n ,  condensa t ion  o f  s t eam was p robab ly  no t  f u l l y  

e f f e c t i v e  r e s u l t i n g  i n  low s team t o  g a s  r a t i o .  

November 25 th .  Cond i t i ons  a t  t h e  c r a t e r  were s i m i l a r  a s  

on t h e  October  t r i p .  Samples were t a k e n  from a n  opening on t h e  

l ava  t u n n e l  c l o s e  t o  t h e  c r a t e r  w a l l .  T h i s  opening was, however, 

2-3 meter wide and a r e l a t i v e l y  q u i e t  b u t  l a r g e  f lame was 

developed.  The s t a i n l e s s  s t ee l  t u b e  was lowered i n t o  t h i s  

open ing ,  and t h e  g a s  drawn th rough  t h e  sampl ing t r a i n  w i t h  an 

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



D i s c u s s i o n .  

With a n  e x c e p t i o n  of  t h e  g a s  sample o f  O c t .  1 5 t h  a l l  samples  

were h e a v i l y  contaminated  w i t h  a i r .  T h i s  c o n t a m i n a t i o n  r e s u l t s  

from c o n v e c t i v e  a i r  c u r r e n t s  w i t h i n  t h e  l a v a .  On May 2 1 s t  and 

August 1 9 t h  r e a c t i o n  w i t h  t h e  copper  t u b i n g  r e s u l t e d  i n  low 

oxygen. No a c t i v e  v o l c a n i c  g a s e s  were d e t e c t e d  i n  t h o s e  two 

samples  e x c e p t  C02. 

A s  shown by t h e  H/D a n a l y s i s  of t h e  c o n d e n s a t e  from May 2 1 s t  

(Arnason, t h i s  r e p o r t ) ,  t h e  s t eam p r o b a b l y  r e s u l t e d  from evapora-  

t i o n  of s e a  wa te r  from t h e  w e t  a s h  u n d e r l y i n g  t h e  l a v a .  During 

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

were formed on t h e  l a v a  s u r f a c e ,  g i v i n g  i t  a  p e c u l i a r  g r e e n  

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

The g a s  samples  of  O c t .  1 5 t h  a r e  un ique  w i t h  r e g a r d  t o  low, 

i f  any ,  a t m o s p h e r i c  c o n t a m i n a t i o n .  Maximal amount o f  a i r ,  which 

c o u l d  have been i n t r o d u c e d  i n t o  t h i s  sample ,  is 1 p e r c e n t  i f  a l l  

n i t r o g e n  is c o n s i d e r e d  a t m o s p h e r i c .  Ni t rogen  and r a r e  g a s e s  a r e  

however undoubtedly  p r e s e n t  i n  v o l c a n i c  g a s e s  and a  v a l u a b l e  upper  

l i m i t  f o r  t h e  c o n c e n t r a t i o n  o f  t h e s e  components i n  t h e  g a s e s  

from S u r t s e y  is e s t a b l i s h e d  w i t h  t h i s  a n a l y s i s .  

The O c t .  1 5 t h  sample c o n t a i n s  3.4.  p e r c e n t  CO i n  t h e  non- 

c o n d e n s i b l e  components and 45.9  p e r c e n t  602. I n  a l l  o t h e r  samples  

c a r b o n  is j u s t  found a s  C02 .  Methan was n o t  d e t e c t e d  i n  any o f  

t h e  a n a l y s e d  samples .  (L imi t  sf d e t e c t i o n  o f  t h e  a n a l y t i c a l  

method is  0 .01  p e r c e n t  CH4). 

Sulphur  is  p r e s e n t  a s  SO2 i n  a l l  samples  where s u l p h u r  

was found.  %S h a s  n o t  been d e t e c t e d  i n  t h e  g a s  samples ,  b u t  

s t r o n g  s m e l l  o f  $S from t h e  b e g i n n i n g  p e r i o d  o f  l a v a p r o d u c t i o n  

h a s  been r e p o r t e d .  I n  t h e  c a s e  o f  t h e  O c t .  1 5 t h  sample ,  %S,  i f  

p r e s e n t ,  was c o n v e r t e d  c o m p l e t e l y  t o  e l ementa ry  s u l p h u r .  



Equ i l i b r i um c a l c u l a t i o n s  by Heald, Naughton and Barnes  (1962,  

1963) show t h a t  a t  1 5 0 0 ~ ~  and v a r i a b l e  p a r t i a l  p r e s s u r e  of oxygen, 

t h e r e  a r e  r e g i o n s  where i n  e ach  oxyda t i on  r e d u c t i o n  coup l e ,  such  

a s  H2S - SO2 o r  H2- H20,  t h e  reduced o r  t h e  oxydized g a s  is 

dominant .  I n  t h e  c a s e  o f  o u r  O c t .  1 5 t h  cample,  t h e  oxydized g a s  

components a r e  c l e a r l y  dominamt. The p a r t i a l  p r e s s u r e  of oxygen 

i n  a  gassys tem c o n t a i n i n g  a l l  su lphu r  a s  SO2 is, acco rd ing  t o  

Heald e t  a l i i ,  g r e a t e r  t h a n  10'4 atm a t  1500°$. The c a l c u l a t e d  

e q u i l i b r i a  g iven  by t h e s e  a u t h o r s  is found on t h e  b a s i s  o f  a  

sample w i t h  a tomic  r a t i o s ,  hydrogen : oxygen : carbon  : s u l p h u r  

- 275 .5  : 142.2 : 2.680 : 1 .000 .  The a tomic  r a t i o s  f o r  ou r  

Oct .  1 5 t h  sample a r e  r e s p e c t i v e l y  20 .3  : 31.3 : 1 .82  : 1 . 0 0 0 ,  

t h e  d i f f e r e n c e  between t h e s e  two samples  depending p r i n c i p a l l y  

on h i g h e r  wa te r  c o n t e n t  i n  t h e  sample from Hawaii. I f  we, however, 

u s e  t h e  c a l c u l a t e d  e q u i l i b r i u m  c u r v e s  o f  Heald e t  a l . ,  a  minimum 

p a r t i a l  p r e s s u r e  of  oxygen would be  atm i f  t h e  d e t e c t i o n  

l i m i t  f o r  %S o f  ou r  a n a l y t i c a l  method is 0 . 1  p e r c e n t  of  t h e  

noncondens ib le  components.  

Based on t h e  c o n c e n t r a t i o n  o f  components i n  t h e  O c t ,  1 5 t h  

sample ,  t h e  e q u i l i b r i u m  t empe ra tu r e  f o r  t h i s  m i x t u r e  can b e  

c a l c u l a t e d  

-- 

Foil [HZ] 

F i g .  1 shows t h e  change i n  K w i t h  t empe ra tu r e  a cco rd ing  t o  

v a l u e s  t a k e n  from C r i t i c a l  T a b l e s  and from E l l i s  (1957).  For t h e  

O c t .  1 5 t h  sample K = 1 . 3 0  i n d i c a t i n g  a  t empe ra tu r e  o f  1 1 9 0 ~ ~  and 

1157OK r e s p e c t i v e l y  (885 and 920QC). 

T h i s  c a l c u l a t e d  e q u i l i b r i u m  t empe ra tu r e  i s  c o n s i d e r a b l y  

below t h e  measured t empe ra tu r e  a t  t h e  ven t  1100 - 1 2 0 0 ~ ~  

( S i g u r g e i r s s o n ,  t h i s  r e p o r t ) ,  and 1 ~ 0 '  lower t h a n  t h e  t empe ra tu r e  



obta ined  by Arnason ( t h i s  r e p o r t )  by means of  i s o t o p e  f r a c t i o n -  

a t i o n  s t u d i e s ,  These r e s u l t s  a r e  i n  accordance wi th  t h e  f i n d i n g s  

of  Heald e t  a l . ,  which found an  equ i l i b r ium composit ion of 

vo l can ic  g a s e s  from Hawaii t o  correspond t o  a lower temperature  

t han  a c t u a l l y  measured a t  t h e  sampling s i t e .  
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TABLE I 

Chemical a n a l y s i s  of vo lcanic  gases .  

TOTAL 100.00 100.00 100.00 100.00 100,OO 

TEMP. OC 840 840 1100 1100 1100 750 

1-5. Sur t sey .  

6. Puu Pua i ,  Hawaii 30.11.59 (KI-F) QI-IEALD, NAUGHTON, 
BARNES 1963) . 

TABLE 11 

Chemical a n a l y s i s  of noncondensible component 

of vo lcan ic  nases from Sur t sev ,  

21.5.64 19.8.64 15.10.64 25.11.64 25.11.64 

O2 18.1 17 .1  0 .00 1 6 . 0  14 .7  

% 0.00 0 .00  22.8 0.00 0.00 

c02 0.2  0 . 5  45.9 4.3 

S02 0.0  0 .0  27.0 3 .9  
8 - 9  

co 0 . 0  0 . 0  3 . 4  0 .0  0 .0  

CH4 0.00 
NZ+A 81.7 8 2 . 4  0 .9  75 .8  76.4 

TOTAL 100.0 100.0 100.0 100.0 100.0 





SURTSEY : 

PETROLOGY AND CHEMISTRY 

Sigurdur  S t e i n t h o r s s o n  
The Un ive r s i t y  Research I n s t i t u t q  

Reykjavik v Ice land  

Summary 

A p e t r o l o g i c a l  survey is made of m a t e r i a l  c o l l e c t e d  a t  

v a r i o u s  times du r ing  t h e  h i s t o r y  of  t h e  Su r t s ey  i s l a n d ,  which 
has  now been e r u p t i n g  f o r  f o u r t e e n  months. The mineralogy is 
t h a t  of  b a s a l t i c  l ava  and t e p h r a ,  w i t h  t h e  composit ion of  t h e  
p l a g i o c l a s e  changing wi th  t i m e  towards more a l b i t i c  v a r i e t i e s  
(An 6 0  - An 53), bu t  t h e  composit ion of  t h e  o l i v i n e s  (Fo 80) 

and t h e  pyroxenes ( aug i t e )  remaining c o n s t a n t .  

One chemical  a n a l y s i s  is included, showing r a t h e r  low 
SiOZ c o n t e n t  (46.5%) f o r  r e c e n t  I c e l a n d i c  b a s a l t s ,  and a  norm, 
which does  no t  a g r e e  very w e l l  w i t h  t h e  modes. F i n a l l y  t h e  
abundances of a  few t r a c e  e lements  Are l i s t e d .  

(i) Tntroduct ion 

S ince  t h e  beginning of t h e  Su r t s ey  e r u p t i o n  i n  November 
1963, rock samples have been c o l l e c t e d  a t  v a r i o u s  times f o r  
i n s p e c t i o n  and a n a l y s i s .  A s  y e t  on ly  a  p re l imina ry  survey has  
been made of t h e s e  samples,  but  f u r t h e r  r e s e a r c h  w i l l  be  f o r t h -  
coming i n  due course .  

The n a t u r e  of  t h e  e r u p t i o n  has  changed s e v e r a l  times 
dur ing  its h i s t o r y :  The i n i t i a l  e x p l o s i v e  phase  l a s t e d  u n t i l  
t h e  4 t h  of A p r i l  1964, when q u i e t  ou tpour ing  of l ava  took 
over f o r  a  month. Then lava-fountain  a c t i v i t y  ensued u n t i l  
t h e  9 t h  of J u l y ,  when t h e  l ava  s t a r t e d  t o  f low aga in ,  To begin 
wi th ,  t h e  l ava  flowed s t r a i g h t  o u t  o f  t h e  ven t  t o  b u i l d  up 



t h e  a r e a  a round ,  b u t  towards  t h e  end o f  August 1964 i t  changed 

h a b i t ,  and has  s i n c e  t h e n  escaped from t h e  c r a t e r  i n  t u n n e l s  

t o  emerge a t  s e a  l e v e l  some 800 m away. Specimens a r e  a t  hand 

r e p r e s e n t i n g  t h e  v a r i o u s  phase s ,  and from t h e i r  comparison one  

may deduce c e r t a i n  f a c t s  i n  connec t i on  w i t h  t h e  c o u r s e  o f  

c r y s t a l l i z a t i o n ,  even w i t h  r e f e r e n c e  t o  t h e  t empe ra tu r e ,  and 

t h e  c i r cums t ances  o f  t h e  f o rma t ion  o f  t h e  t e x t u r e s .  

I n  t h e  e a r l y  days  o f  t h e  e r u p t i o n ,  samples  were o b t a i n e d  

from t h e  ash-cloud by s a i l i n g  t h e  c o a s t  guard  v e s s e l s  under 

t h e  f a l l i n g  e j e c t a  and t h e n  c o l l e c t i n g  from t h e  deck,  L a t e r ,  

when a s c e n s i o n  on t h e  i s l a n d  became less hazardous ,  specimens  

of  bombs and l ava  were g a t h e r e d  i n  t h e  u s u a l  way by l a n d i n g  

p a r t i e s .  

(ii) Pe t rography  

The t u f f  ( s l i d e  A ,  c f .  f o o t n o t e  on Tab l e  I) r e p r e s e n t s  

t h e  c h i l l e d  magma, which h a s  l o s t  most o f  i ts  g a s e s .  The 

m i n e r a l  assemblage may t h e n  presumably b e  r ega rded  a s  t h a t  

of  t h e  magma i n  t h e  c r a t e r .  The l i q u i d  is r e p r e s e n t e d  by t h e  

brown, t r a n s l u c e n t  s ide romelane  g l a s s  (73%) i n  which o l i v i n e  

(7.7%) and p l a g i s c l a s e  (7.3%) c r y s t a l s  occur  q u i t e  abundan t l y .  

The o l i v i n e s  (about  Fo 80) appear  t o  be  i n  t h e  p r o c e s s  of  

r a p i d  growth.  They a r e  o f t e n  q u i t e  larg:e,  b u t  a lmos t  i n v a r i a b l y  

s k e l e t a l ;  o l i v i n e  m i c r o l i t e s  a r e  common a s  w e l l .  A few, some- 

what zoned phenoc rys t s  o f  p l a g i o c l a s e  a r e  p r e s e n t ,  b u t  t h e  

m a j o r i t y  occur  a s  t i n y  n e e d l e s  o r  m i c r o l i t e s  w i t h  s u t u r e d  ends .  

The i r  composi t ion  is t h a t  o f  h igh  t empe ra tu r e  l a b r a d o r i t e  

(An 60).  Ne i t he r  pyroxene nor  i r o n  o r e  ha s  c r y s t a l l i z e d  y e t ,  

b u t  t h e  o r e  is p r e s e n t  a s  i r r e g u l a r  c l o t s  i n  t h e  g l a s s ,  fre- 

q u e n t l y  f r i n g i n g  g a s  bubb l e s ,  which occupy 15r20% of  t h e  

rock  volume. 



I n  a  bomb taken  on t h e  i s l a n d  i n  December 1963, t h e  

c r y s t a l l i z a t i o n  has  proceeded somewhat f u r t h e r ,  a s  pyroxene 

comes i n ,  and o l i v i n e  and p l a g i o c l a s e  have inc reased  i n  amount 

(Table I ,  B). The modal volumes a r e ,  however, i n a c c u r a t e ,  

because t h e  rock is t o o  f ine-grained f o r  e x a c t  o p t i c a l  a n a l y s i s .  

During t h e  f i r s t  months of t h e  e r u p t i o n  l a r g e  phenocrys t s  

of  f e l d s p a r ,  up t o  5  cm a c r o s s ,  were q u i t e  commonly t o  be found 

i n  t h e  e r u p t i o n  produc ts .  They were p r e s e n t  from t h e  beg inn ing  

i n  November 1963 and throughout t h e  w i n t e r ,  b u t  by mid May 

1964 they  had d i sappeared .  These phenocrys t s  have been anan  

lysed  by p r o f .  Wenk of t h e  Un ive r s i t y  of  Base l ,  and were found 

t o  be high temperature  l a b r a d o r i t e  (An 66).  The i r  d i sappearance  

is thought  t o  be due t o  t h e  f a c t  t h a t  t h e  f e l d s p a r s , f o r m i n g  

from t h e  l i q u i d  i n  t h e  s p r i n g  1964, were more a l b i t i c  (probably 

about An 56) t han  t h e  b a s i c  phenocrys t s ,  which r e s u l t e d  i n  t h e  

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

Probable  r e l i c t s  of t h e s e  b a s i c  f e l d s p a r s  a r e  seen  i n  

s e c t i o n  C, where two l a r g e  phenocrys t s  (243 mm a c r o s s )  show 

reve r sed  zoning: The c o r e ,  which is c l e a r  and f r e s h  (An 531, 

is rimmed w i t h  a  cloudy zone, crammed w i t h  " inc lus ions" ,  which 

i n  t u r n  is  fol lowed by t h e  o u t e s t  zone, f r e s h  a g a i n ,  which is 

much more b a s i c  i n  composit ion than  t h e  a o r e  (An 67). I t  seems 

p o s s i b l e  t h a t  t h e  phenocrys t s  a r e  being r e c r y s t a l l i z e d  by 

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

i z a t i o n  s t a r t i n g  i n  t h e  c e n t r e  of t h e  c r y s t a l  and proceeding 

outwards. The composit ion of  t h e  groundmass-plagioclase is 
An 53. 

The two remaining specimens a r e  s i m i l a r  kn age ,  and were 
c o l l e c t e d  i n  approximately t h e  same d i s t a n c e  from t h e  c r a t e r .  

One is a  d o l e r i t e ,  w e l l  c r y s t a l l i z e d ,  w i t h  o p h i t i c  pyroxene 

and c r y s t a l s  of i r o n  o re .  The o t h e r  is g l a s s y ;  t h e  magma l i q u i d  



flowed o u t  of a  t unne l  s t r a i g h t  i n t o  t h e  sea .  From t h e  modes 

(B and E ,  Table  I] we s e e  t h a t  some of t h e  o l i v i n e  and pyroxene 

a r e  s t i l l  t o  be c r y s t a l l i z e d ,  most of t h e  o r e ,  and a l l  of t h e  

pyroxene, b u t  t h e  o r e  p r e s e n t  i n  s e c t i o n  E occur s  a s  c r y s t a l s  

i n s i d e  t h e  o l i v i n e  phenocrysts .  The pyroxene i n  t h e  d o l e r i t e  

is somewhat pu rp l e  i n  c o l o u r ,  which might i n d i c a t e  t i t a n i f e r o u s  

n a t u r e  ( c f ,  a n a l y s i s  and norm i n  Tables  I1 and 111). Nei ther  

t h e  o l i v i n e s  nor t h e  f e l d s p a r s  a r e  s k e l e t a l  h e r e ,  which is not 

s u r p r i s i n g ,  cons ide r ing  t h e  f a c t  t h a t  they  have had much b e t t e r  

t i m e  t o  develop than  those  I n  s e c t i o n s  A&,  because t h e  magma 

must l o s e  much gases  and hea t  on i ts  way a long  t h e  t u n n e l s  from 

t h e  c r a t e r  down t o  s ea  (about 800 m ) ,  which of  cou r se  r e s u l t s  

i n  t h e  cont inuous c r y s t a l l i z a t i o n  of t h e  l i q u i d .  

(iii) Chemistry 

A complete chemical a n a l y s i s  has been made of only  one 

sample y e t ,  (sample A ) ,  which is t a b u l a t e d  w i t h  a  norm i n  

Tables  I1 and 111. I n  Table  11, t h r e e  o t h e r  a n a l y s e s  of r e c e n t  

I c e l a n d i c  l a v a s  a r e  quoted f o r  comparison. The Sur t s ey  m a t e r i a l  

is amongst t h e  most b a s i c  l a v a s  e rup ted  i n  I ce l and  i n  r e c e n t  

y e a r s ,  comparable i n  t h a t  r e s p e c t  only  w i th  a  l ava  s t ream 

(Lambaf i t  j a rh raun je rup ted  i n  1913 i n  t h e  neighbourhood of 

M t .  Hekla (Si02 46.21%), but  is  somewhat h igher  i n  a l k a l i e s .  

The norm, Table  111, is no t  comparable w i t h  e i t h e r  mode 

A o r  D,  because t h e  mineralogy of  A is immature, and t h e  

chemist ry  0% D most l i k e l y  d i f f e r e n t  from t h a t  of A ,  S e c t i o n  

D is ,  however, t h e  only  one w i t h  a reasonably  mature mineralogy.  

Some of  t h e  d i s c r e p a n c i e s  i n  pyroxene and i r o n  o r e  may be 

a t t r i b u t e d  t o  t h e  f a c t  t h a t  co loured  and dark mine ra l s  assume 



g r e a t e r  volumes i n  modal ana lyses  than t h e  c o l o u r l e s s  ones. 

Some of t h e  t i t an ium forming t h e  i lmen i t e  may be p resen t  i n  

t h e  pyroxene, but  a s  we understand t h a t  t h e  r o l e  of T i  i n  

pyroxene is somewhat i n  t h e  dark,  w e  s h a l l  l e t  t h e  mat ter  

rest the re .  

A few t r a c e  elements have been evaluated i n  Surtsey 

mate r i a l .  They a r e  quoted i n  Table I V  wi th  t h e  corresponding 

values of t h e  s tandards  W-1 and G-I a g a i n s t  which they were 

measured. 

More ana lyses  a r e  forthcoming of Surtsey m a t e r i a l ,  major 

components as w e l l  a s  t r a c e  elements. This  r e p o r t  is t o  be 

looked upon a s  an o u t l i n e  ske tch  of  t h e  problem i n  which 

c e r t a i n  f e a t u r e s ,  such a s  t h e  x e n o l i t h s ,  have been omitted 

completely. 
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TABLE I 

Modal a n a l v s e s  of f i v e  t h i n  s e c t i o n s .  

Glass  72.9 2 1  54.9-x rn 53.5  

Fe ldspar  7.3 32 3 3 . 5  48.0  31.7  

O l i v i n e  7 .7  13  11 .6  1 6 . 4  1 2 . 3  

Pyroxene 0 . 8  15  - 2 5 . 8  me 

Opaque 11 .3  19  x 9 . 8  2 . 5  

A .  Thin s e c t i o n  no. 944. Tuff ga thered  1 .12.63.  The opaque 

assumes more volume than  is  c o r r e c t ,  because i t  is d i s -  

seminated i n  t h e  s ideromelane g iv ing  co lou r  t o  a ' ' s tolen" 

volume of  g l a s s .  

B. Thin s e c t i o n  no. 945. Bomb taken  a sho re  t h e  i s l a n d  6 .12 .63 .  

C. Thin s e c t i o n  no. 1089. Su r face  of pahoehoe l a v a ,  flowed 

i n  August 1964. 

D, Thin s e c t i o n  no. 1088. Taken i n  s e a - * c l i f f s  from l ava  f r o z e n  

i n  a t unne l .  Probably flowed i n  Nov. o r  Dec. 1964. 

E. Thin s e c t i o n  no. 1090. A molten p i e c e  of  l ava  flowed i n t o  

t h e  sea  ou t  of a t u n n e l ,  and was rescued  i n s t a n t l y  (24.1 .65) .  
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TABLE I11 

A norm of t h e  chemical a n a l y s i s  of sample A 

( a n a l y s i s  4 ,  Table  11) 

Or thoc la se  

A l b i t e  

Anor th i t e  

Nepheline 

Diopside 

O l i v i n e  

Magnet i te  

I lmen i t e  

A p a t i t e  

Water 

Norm A .  

3.34 

24.10 

29.47 

1 .99 

58.90 Fe ldspar  

Mode D 

6 .61  

3.60 12.98 Pyroxene 25.8 

2.77 

10.78 
20.37 O l i v i n e  

9.59 

6.58 Ore 

0.67 0.67 A p a t i t e  L1 

TABLE I V  

Trace e lements  i n  Su r t s ey  rock  c o l l e c t e d  1.12.63.  

Sur t sey I-I G-I 

Elements Co, Cu, N i  and V a r e  measured by emiss ion s p e c t r o ~  
grapby; t h e  remaining ones  w i t h  a n  X-ray f l u o r e s c e n c e  spectrow 

graph.  
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T m  SURTSEY ERUPTION 

COURSE OF EVENTS AND THE DEVELOPMENT OF THE: NEW ISLAND 

S i g u r d u r  T h o r a r i n s s o n  
Museum o f  N a t u r a l  H i s t o r y  

R e y k j a v i k ,  I c e l a n d  

C o l l e c t i n g  o f  i n f o r m a t i o n .  

From t h e  v e r y  b e g i n n i n g  o f  t h e  S u r t s e y  e r u p t i o n  my main  

c o n t r i b u t i o n  t o  t h e  r e s e a r c h  work c o n n e c t e d  w i t h  t h i s  e r u p t i o n  

h a s  been  t o  t r y  t o  f o l l o w  by a l l  a v a i l a b l e  means t h e  c o u r s e  o f  

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

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

i ts  d i f f e r e n t  p h a s e s  and  c h a n g i n g  h a b i t s .  

T h i s  h a s  b e e n  a c c o m p l i s h e d  p a r t l y  by own o b s e r v a t i o n s ,  p a r t -  

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

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

Vestmann I s l a n d s  A i r  C o n t r o l  Tower,  who have  S u r t s e y  i n  v i e w  

e v e r y  c l e a r  d a y ,  p a s s e n g e r s  on  s h i p s  p a s s i n g  S u r t s e y ,  a . s . 0 .  

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

a b o u t  t h e  e r u p t i o n .  

D u r i n g  t h e  w i n t e r  1863/64 my o b s e r v a t i o n s  f rom s h i p s  were 

supp lemen ted  m a i n l y  b y ' D r .  T h o r l e i f u r  E i n a r s s o n .  We went o u t  

r e p e a t e d l y  on  c o a s t  g u a r d  v e s s e l s  t o g e t h e r  o r  by t u r n s .  The 

D i r e c t o r  o f  t h e  C o a s t  Guard S e r v i c e ,  P 6 t u r  S i g u r d s s o n ,  and  

t h e  crews on  h i s  v e s s e l s  were most  h e l p f u l  t o  u s .  

Thanks  t o  t h e  h e l p f u l n e s s  o f  Agnar Kofoed Hansen,  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 ,  I have  been  a b l e  t o  do  many more r e c o n n o i t r -  

i n g  f l i g h t s  t h a n  o t h e r w i s e  would have  b e e n  p o s s i b l e .  F e b r .  2 3 ,  

1965 ,  I made my 62nd r e c o n n o i t r i n g  f l i g h t  o v e r  S u r t s e y .  I had 

t h e n  v i s i t e d  t h e  i s l a n d  16  times by b o a t  and  l a n d e d  t h e r e  11 

t imes,  t h e r e o f  4 times by a i r .  My f i r s t  l a n d i n g  was Dec. 1 6 ,  

1963.  I had t a k e n  a b o u t  2000  p h o t o g r a p h s  o f  t h e  i s l a n d ,  whereof  

1300  i n  c o l o u r .  Wi th  t h e  a i d  o f  t h e s e  p h o t o s  and  v e r i c a l  p h o t o s  



t a k e n  a b o u t  e v e r y  second  month by t h e  G e o d e t i c  Survey  o f  I c e -  

l a n d ,  and  w i t h  f r e q u e n t  measurements  f rom c o a s t  g u a r d  v e s s e l s ,  

i t  o u g h t  t o  b e  p o s s i b l e  t o  r e c o n s t r u c t  w i t h  t o l e r a b l e  e x a c t n e s s  

and  c o n t i n u i t y  b o t h  t h e  b u i l d i n g  up and  t h e  b r e a k i n g  down o f  

S u r t s e y ,  a s  w e l l  a s  t o  i l l u s t r a t e  most o f  t h e  v a r i o u s  p h a s e s  

o f  t h i s  s p e c t a c u l a r  e r u p t i o n ,  Only two maps b a s e d  on a e r i a l  

p h o t o s  have  been  worked o u t  y e t ,  and  some o f  t h e  a r e a l  f i g u r e s  

g i v e n  be low a r e  p r e l i m i n a r y .  

M r .  B s v a l d u r  Knudsen h a s  t a k e n  a  l o n g  16  mm c i n e m a f i l m  i n  

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

a n c e  t o  him i n  making t h e  f i l m  documentary  v a l u a b l e .  

C o u r s e  o f  e v e n t s .  

The S u r t s e y  e r u p t i o n  s t a r t e d  v i s i b l y  a t  07  h  1 5  m I c e l a n d  

mean t i m e  Mov. 1 4 ,  1963 .  T h i s  was w i t n e s s e d  by t h e  crew o f  t h e  

f i s h i n g  v e s s e l  I s l e i f u r  11 o f  t h e  Vestmann I s l a n d s .  The p o s i t i o n  

o f  t h e  v o l c a n i c  a c t i v i t y  was 6 3 O 1 8 ' ~  and  2 0 ~ 3 6 ' .  5  W ,  t h r e e  n a u t .  

mi les  WSW o f  G e i r f u g l a s k e r ,  t h e  s o u t h e r n m o s t  i s l a n d  o f  I c e l a n d .  

A t  11 o ' c l o c k ,  when f i r s t  s e e n  by t h e  w r i t e r ,  t h e r e  were a c t i v e  

e r u p t i o n s  i n  a t  l e a s t  two s e p a r a t e  p l a c e s  o n  a l i n e  r u n n i n g  

N 35O E t o  S  35O W ,  and  t h e  l e n g t h  o f  t h e  f i s s u r e ,  a b o u t  500  m 

i n  l e n g t h .  The f o l l o w i n g  n i g h t  t h e  i s l a n d  was b o r n .  I n  t h e  

morn ing  o f  Mov. 1 5  i t  had r e a c h e d  a  h e i g h t  o f  1 0  m ,  a n d  d u r i n g  

t h e  n e x t  few d a y s  it grew r a p i d l y ,  a s  t h e  e r u p t i o n  was more o r  

less  c o n t i n u o u s .  Mov.19 t h e  i s l a n d  was 6 0  rn h i g h  and  600  m l o n g .  

Then i t  was s t i l l  a n  o b l o n g  r i d g e ,  s p l i t  by a  f i s s u r e  w h i c h  was 

f l o o d e d  by t h e  s e a ,  and  on  t h i s  f i s s u r e  two t o  f o u r  s e p a r a t e  

v e n t s  were  e r u p t i n g ,  s h i f t i n g  f rom one  p a r t  o f  t h e  f i s s u r e  t o  

a n o t h e r .  G r a d u a l l y  t h e  form o f  t h e  i s l a n d  changed  t o  hoof s h a p e ,  

wh ich  a f t e r  Nov. 26 was u s u a l l y  open  t o  t h e  s o u t w e s t ,  Sometimes 

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

r e e f  was b roken  by t h e  s u r f ,  o r  blown away by e x p l o s i o n s .  A f t e r  

t h e  m i d d l e  o f  December o n l y  o n e  c r a t e r  was a c t i v e  most  o f  t h e  

t i m e ,  and  t h e  i s l a n d  became n e a r l y  c i r c u l a r .  I n  s p i t e  o f  t h e  



ve ry  e f f e c t i v e  mar ine  a b r a s i o n ,  which a t  t i m e s  c u t  broad p l a t -  

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

whole grew i n  a r e a  and h e i g h t .  Dec. 30 ,  t h e  h e i g h t  was 145 m and 

t h e  diam. abou t  1100 m .  

Towards t h e  end o f  January t h e  a c t i v i t y  i n  t h e  c r a t e r  c ea sed  

a l t o g e t h e r .  The i s l a n d  has  t h e n  reached  a  h e i g h t  of  174 m ,  o r  

300 m from t h e  former s e a  f l o o r .  Its max. l e n g t h  was t h e n  1300 m.  

Febr .  2 a t  11 p.m. a  new ven t  s t a r t e d  a t  s e a  l e v e l  on t h e  NW 

f l a n k  of  t h e  cone ,  and t h e  fo l l owing  day t h e  new e r u p t i o n  i n -  

c r e a s e d  r a p i d l y .  Between Febr .  2 and 7  two v e n t s  were u s u a l l y  

p l a y i n g  a t  t h e  new e r u p t i o n  s i t e ,  t h e  innermost  e r u p t i n g  l a v a  

f o u n t a i n s  a s  t h e  o u t e r  one ,  which was t e p h r a  p roduc ing ,  b a r r e d  

t h e  s e a  from a c c e s s  t o  i t .  A f t e r  Febr .  7  o n l y  t h e  o u t e r  v e n t ,  

S u r t u r  11, was a c t i v e ,  behaving on t h e  whole i n  s i m i l a r  way a s  

S u r t u r  I had done u n t i l  i ts  e x t i n c t i o n  a t  t h e  end o f  February .  

The e r u p t i o n  was wholly e x p l o s i v e ,  e i t h e r  w i t h  i n t e r m i t t e n t  "wet" 

e x p l o s i o n s ,  when t h e  s e a  f looded  t h e  v e n t ,  o r  w i t h  a more o r  less 

con t i nuous  uprush  of t e p h r a  and vapour ,  when t h e  a c c e s s  o f  wa t e r  

was b locked by a  t e p h r a  r e e f .  The e x p l o s i v e  a c t i v i t y  went on  

u n t i l  A p r i l  4  a t  noon, when s o  t h i c k  a  t e p h r a  w a l l  b lacked  t h e  

gap i n  t h e  c r a t e r  w a l l  t h a t  t h e  s e a  had no l o n g e r  a c c e s s  t o  t h e  

v e n t .  Then t h e  e r u p t i o n  changed t o  a  whol ly  e f f u s i v e  one  w i t h  

l a v a  i n  t h e  c r a t e r ,  and s o  i t  has  been s i n c e  t hen .  

When t h e  e x p l o s i v e  a c t i v i t y  c ea sed  t h e  e r u p t i o n  had,  r ough ly  

e s t i m a t e d ,  produced 400/500 m i l l i o n  cub .me te r s  o f  t e p h r a ,  e q u i v a l -  

e n t  t o  a n  ave rage  p roduc t i on  of  40 cub.m p e r  second.  The a r e a  o f  

t h e  i s l a n d  a t  t h e  end o f  t h e  e x p l o s i v e  phase  was abou t  1 . 0 5  km2. 

The e f f u s i v e  phase .  

S ince  t h e  e f f u s i v e  e r u p t i o n  s t a r t e d  on A p r i l  4 ,  1964,  a  l a v a  

l a k e  h a s  n e a r l y  con t i nuous ly  b o i l e d  i n  t h e  c r a t e r ,  and excep t  f o r  

a  l u l l  i n  t h e  l a v a  p r o d u c t i o n  between t h e  end o f  A p r i l  and June  9 ,  

1964,  t h e r e  h a s  been no s t o p  i n  t h e  f low of l a v a  from t h e  c r a t e r .  

A t  t i m e s  t h e  l a k e  r o s e  s o  h igh  t h a t  t h e  l a v a  we l l ed  o v e r  t h e  r i m s  



of  t h e  v e n t  and f l o o d e d  t h e  s l o p e s  o f  t h e  l a v a  dome w i t h  s p e e d s  

up t o  a t  l e a s t  1 0  m p e r  s e c o n d .  More o f t e n ,  however ,  t h e  l a v a  

found  o u t l e t s  t h r o u g h  c h a n n e l s  h i g h  in t h e  l a v a  dome f l o w i n g  

down t h e  s l o p e s  i n  many r i v u l e t s .  G r a d u a l l y  t h e i r  r o u t e s  were 

e x t e n d e d  a l o n g  c l o s e d  t u n n e l s ,  and  du.ri.ng t h e  w i n t e r  1964/65 

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

had a l m o s t  r e a c h e d  s e a  l e v e l .  The l a v a  h a s  m a i n l y  f lowed t o w a r d s  

s o u t h  a n d  b u i l t  up a  s e m i c i r c u l a r  l a v a  dome w i t h  t h e  r e s u l t  t h a t  

S u r t s e y  may now b e  r e g a r d e d  a s  a  t a b l e m o u n t a i n ,  v i x ,  a  b a s a l t  

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

dome a b o v e  s e a  l e v e l  was a ,bout  95 m a t  t h e  end  o f  A u g u s t ,  1964;  

O c t .  2 3  i t  was 1 0 0  m, and  h a s  n o t  changed  much s i n c e  t h e n ,  The 

a r e a  o f  t h e  new i s l a n d ,  which  was a b o u t  1 . 7  km2 a t  t h e  end  o f  

A u g u s t ,  1 9 6 4 ,  was 2 . 3  k  a c c o r d i n g  t o  a n  a e r i a l  pho tog rammet r i c  

measurement  o f  Feb .  2 3 ,  1965 .  B a t h y m e t r i c  maps a r e  needed  b e f o r e  

t h e  t o t a l  amount o f  l a v a  c a n  b e  c a l c u l a t e d ,  b u t  i t  seems t h a t  t h e  

p r o d u c t i o n  o f  l a v a  p e r  month is a b o u t  t h e  same,  c a l c u l a t e d  i n  

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

e r u p t i o n .  The c h e m i c a l  c o m p o s i t i o n  o f  t h e  l a v a  is t h e  same a s  

t h a t  o f  t h e  t e p h r a .  Thus t h e  change  f rom e x p l o s i v e  t o  e f f u s i v e  

a c t i v i t y  was due  e n t i r e l y  t o  change  i n  t h e  e x t e r n a l  c o n d i t i o n s .  

What h a p p e n s ,  when t h e  l a v a  e n t e r s  t h e  s e a .  

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

s t r i k i n g ,  how much o f  t h e  l a v a  becomes f r a g m e n t e d  when coming i n  

c o n t a c t  w i t h  t h e  s e a  w a t e r .  E x p l o s i v e  p s e u d o e r u p t i o n s  on  a  s m a l l  

s c a l e  c o u l d  f r e q u e n t l y  b e  o b s e r v e d .  A g r e a t  amount o f  c o a r s e ,  

more o r  l e s s  g l a s s y  s a n d  was formed b e c a u s e  o f  f r a g m e n t a t i o n  o f  

t h e  pahoe-hoe l a v a  s u r f a c e  by r a p i d  c o o l i n g ,  a n d  a l s o  by t h e  

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

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

f r o n t  o f  t h e  l a v a  f l o w  s o  t h a t  a t  low t i d e  one  c a n  walk on  a 

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

c o n s t a n t l y  a d v a n c i n g  o v e r  a l a y e r  o f  wet  s a n d  a t  s e a  l e v e l ,  How 

t h i c k  t h i s  l a y e r  is  w e  do  n o t  know y e t ,  b u t  i t  may be  assumed t h a t  



f rom s e a  l e v e l  and  down t o  t h e  f o r m e r  s e a - f l o o r  a t  130/140 m d e p t h ,  

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

l a v a ,  wh ich  a l s o  may b e  i n t r u d e d  i n t o  t h e  w a t e r  soaked  s a n d  t o  

some e x t e n t .  Only by d r i l l i n g  t h r o u g h  t h e  new l a v a  c a n  we g e t  a  

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

and s u c h  a  d r i l l i n g  i s  h i g h l y  d e s i r a b l e ,  a s  i t  may th row l i g h t  on  

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

Where t h e  l a v a  h a s  c e a s e d  t o  f l o w  i t  t a k e s  o n l y  few weeks 

f o r  t h e  m a r i n e  a b r a s i o n  t o  form v e r t i c a l  c l i f f s  u p  t o  40  f e e t  a t  

t h e  l a v a  f r o n t .  Above h i g h  w a t e r  l e v e l  t h e s e  c l i f f s  a r e  m a i n l y  

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

o f  s a n d ,  Below h i g h  w a t e r  l e v e l  t h e r e  is i n  p l a c e s  a  c l e a r  t e n d e n c y  

t o w a r d s  t h e  f o r m a t i o n  o f  p i l l o w  l a v a .  O c c a s i o n a l l y  a  f ew ,  r a t h a *  

w e l l  d e v e l o p e d  p i l l o w s  have  b e e n  o b s e r v e d ;  t y p i c a l  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 ,  b u t  one  may e x p e c t  i t  t o  b e  formed below 

low w a t e r  l e v e l .  

Geomorpho log ica l  s t u d i e s .  

S u r t s e y  is  a  t r u e  P a r a d i s e  f o r  g e o m o r p h o l o g i s t s ,  The f i g h t  

be tween  t h e  c o n s t r u c t i v e  and  d e s t r u c t i v e  f o P c e s  i s  f a s c i n a t i n g ,  

b u t  a l s o ,  when t h e  e r u p t i o n  h a s  come t o  a n  e n d ,  i t  w i l l  b e  

i n t e r e s t i n g  t o  f o l l o w  t h e  work o f  t h e  e x o g e n i c  f o r c e s :  m a r i n e  

a b r a s i o n ,  t h e  e r a s i o n  o f  wind and  r u n n i n g  w a t e r ,  l a n d s l i d i n g ,  

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

t h e  i s l a n d .  Most of  t h e s e  f o r c e s  work t h e r e  w i t h  n e a r l y  i n c r e d i b l e  

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

is i n  g e o m o r p h o l o g i c a l  p r o c e s s e s .  

Morphoscopic  s t u d i e s ,  which  s t a r t e d  i n  A p r i l ,  1964 ,  r e v e a l  

t h a t  t h e  r o u n d i n g  o f  b l o c k s  and  g r a v e l  on t h e  s h o r e s  is a n  

e x t r e m e l y  f a s t  p r o c e s s ,  and  o n  t h e  whole  i t  is a s t o n i s h i n g  how 

f a s t  v a r i o u s  l a n d s c a p e  f o r m s  a r e  c r e a t e d  on  t h e  new i s l a n d ,  
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Some G e o p h y s i c a l  O b s e r v a t i o n s  a t  Su . r t s ey  i n  1964 .  

S v e i n b j o r n  B j o r n s s o n  
The S t a t e  E l e c t r i c i t y  A u t h o r i t y ,  

Depar tment  o f  N a t u r a l  Heat  

A .  O b s e r v a t i o n s  o f  a t m o s p h e r i c  e l e c t r i c  d i s t u r b a n c e s  a t  t h e  

v o l c a n o  c l o u d .  

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

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

l i g h t n i n g  a c t i v i t y  c o n t i n u e d  w i t h  v a r y i n g  i n t e n s i t y  u n t i l  A p r i l  4 t h  

1 9 6 4 ,  when t h e  f o r m a t i o n  of  a  w a l l  o f  s c o r i a  p r e v e n t e d  t h e  r e a d y  

a c c e s s  o f  s e a  w a t e r  i n t o  t h e  c r a t e r  and  i t  f i l l e d  w i t h  m o l t e n  l a v a .  

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

were u n d e r t a k e n  by P r o f .  T h o r b j a 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 ,  i n  November-December o f  1963  and  J a n u a r y  o f  1964 .  T h e s e  

i n v e s t i g a t i o n s  were  g r e a t l y  advanced  when U.S. s c i e n t i s t s  began  

t h e i r  o b s e r v a t i o n s  o f  t h e  e l e c t r i c a l  phenomena i n  F e b r u a r y  o f  1964 .  

On F e b r u a r y  5 t h  B e r n a r d  Vonnegut ,  A r t h u r  D, L i t t l e ,  I n c .  , 
B a r r i e  McLean, American M e t e o r o l o g i c a l  S o c i e t y  and  t h e  w r i t e r  

went  on  M . V .  H a r a l d u r  t o  S u r t s e y  and  made o b s e r v a t i o n s  o f  t h e  

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

meter. Mot ion  p i c t u r e s  o f  t h e  v o l c a n o  c l o u d  were t a k e n  from t h e  

b o a t .  Time l a p s e  m o t i o n  p i c t u r e s  were a l s o  t a k e n  f rom t h e  a i r p o r t  

o n  Ves tmannaey ja r  23  km d i s t a n t  f rom t h e  v o l c a n o .  

On F e b r u a r y  1 6 t h  C h a r l e s  B. Moore, A r t h u r  D, L i t t l e ,  I n c ,  , 
Duncan C ,  B l a n c h a r d ,  Woods Hole O c e a n o g r a p h i c  I n s t i t u t i o n  and  

James Hughes,  O f f i c e  o f  Naval R e s e a r c h ,  s a i l e d  t o  S u r t s e y  on 

M . V .  H a r a l d u r  and r e c o r d e d  t h e  p o t e n t i a l  g r a d i e n t  and  p o i n t  

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

On F e b r u a r y  l l t h ,  1 2 t h ,  1 5 t h  and  1 6 t h  R o b e r t  Anderson  and  

S t u a r t  Gathrnan, Naval  R e s e a r c h  L a b o r a t o r y  and  Henry I .  S u r v i l a s ,  

A r t h u r  D. L i t t l e ,  Hnc. ,  made f l i g h t s  n e a r  t h e  v o l c a n o  i n  a  



C o n s t e l l a t i o n  a i r p l a n e  equipped by t h e  Naval Resea rch  Labora to ry  

w i t h  e l e c t r i c  f i e l d  meters i n  t h e  wing t i p s .  

These o b s e r v a t i o n s  have been c o n t i n u e d  by t h e  w r i t e r .  On 

March 22nd f u r t h e r  p o t e n t i a l  g r a d i e n t  o b s e r v a t i o n s  were made n e a r  

t h e  vo lcano  and under t h e  vo lcano  c l o u d  aboard  a n  I c e l a n d i c  Coas t  

Guard s h i p ,  

A r e p o r t  on a l l  t h e s e  o b s e r v a t i o n s  and t h e  o b t a i n e d  r e s u l t s  

has  been w r i t t e n  and is b e i n g  p u b l i s h e d  i n  vgScience 'q under  t h e  

t i t l e  "Atmospheric E l e c t r i c  D i s t u r b a n c e s  Produced by t h e  Volcano 

Sur t s e y  , I c e l a n d q 9 .  

B. O b s e r v a t i o n s  of  c h a r g e  s e p a r a t i o n  a t  t h e  c o n t a c t  of  mol ten  

l a v a  w i t h  s e a  w a t e r .  

A s  l a v a  f lowed i n t o  t h e  s e a ,  d e n s e ,  w h i t e  s team c l o u d s  

evo lved .  I t  was soon s u s p e c t e d  t h a t  t h e s e  c l o u d s  might  be  e l e c t r i -  

c a l l y  cha rged .  D. C.  Blanchard  ( N a t u r e ,  201,  1164 ,  (1964))  found - 
i n  h i s  l a b o r a t o r y  e x p e r i m e n t s  t h a t  i f  d r o p s  o f  s a l t  w a t e r  f e l l  

on mol ten  l a v a ,  p o s i t i v e l y  charged  c l o u d s  of  s e a  s a l t  p a r t i c l e s  

e v o l v e d .  The charge c o n c e n t r a t  i o n  i n  t h e s e  l aboka  t o r y - c r e a  t e d  

c l o u d s  was e s t i m a t e d  t o  b e  a s  h i g h  a s  lo8 e l e m e n t a r y  c h a r g e s  p e r  

c u b i c  c e n t i m e t e r .  T h i s  is a b o u t  two m i l l i o n  times a s  g r e a t  a s  

t h e  p o s i t i v e  s p a c e  c h a r g e  t h a t  is normal ly  found i n  t h e  a tmosphere .  

I n  o r d e r  t o  v e r i f y ,  i f  t h i s  k i n d  o f  c h a r g e  s e p a r a t i o n  was 

working i n  S u r t s e y ,  t h e  w r i t e r  went on J u l y  2 4 t h  aboard  a n  I c e -  

l a n d  Coas t  Guard v e s s e l  t o  S u r t s e y  and w a i t e d  f o r  a  f low of 

l a v a  i n t o  t h e  s e a .  I t  was n o t  p o s s i b l e  t o  go a s h o r e  because  o f  

s u r f ,  b u t  when t h e  s h i p  s a i l e d  under t h e  s t eam plume, e v o l v i n g  

from t h e  c o n t a c t  of  l a v a  and s e a ,  a  s t r o n g  i n c r e a s e  i n  t h e  

P o t e n t i a l  g r a d i e n t  was o b s e r v e d .  From t h e  r e c o r d e d  o b s e r v a t i o n s  

i t  may be deduced t h a t  t h e  c h a r g e  c o n c e n t r a t i o n  i n  t h e  c l o u d  a t  

i t s  s o u r c e  must have been a b o u t  lo6  e lementa ry  c h a r g e s  p e r  c u b i c  

c e n t i m e t e r .  



On August 1 9 t h  a n  U.S. Navy h e l i c o p t e r  b rought  a  group of 

s c i e n t i s t s  t o  S u r t s e y .  T h i s  was t h e  f i r s t  o p p o r t u n i t y  t o  obse rve  

t h e  cha rge  s e p a r a t i o n  d i r e c t l y  a t  i ts s o u r c e ,  where t h e  l a v a  

flowed i n t o  t h e  s e a .  The l ava  f low was covered w i t h  a  t h i n  

b lack  c r u s t  and i ts  c o n t a c t  w i t h  t h e  s e a  was r e l a t i v e l y  q u i e t .  

Dense, w h i t e  s team c l o u d s  evolved t h e r e .  By means o f  p o t e n t i a l  

g r a d i e n t  measurements t h e  cha rge  c o n c e n t r a t i o n  i n  t h e s e  c l o u d s  

was e s t i m a t e d  t o  be  o f  t h e  o r d e r  of  lo6 e lementa ry  p o s i t i v e  

c h a r g e s  p e r  c u b i c  c e n t i m e t e r .  

A t  some p l a c e s  t h e  t h i n  c r u s t  broke  and mol ten  l ava  -was 

squeezed o u t .  Exp los ions  occu r r ed  a s  t h i s  ve ry  ho t  l ava  came i n t o  

c o n t a c t  w i t h  t h e  s e a .  Fragments o f  l a v a  were thrown up t o  s e v e r a l  

me t e r s  h e i g h t  a l o n g  w i t h  f o u n t a i n s  o f  wa t e rd rops .  These wa te r -  

d rops  evapora ted  and formed c l o u d s  o f  s team.  The cha rge  con- 

c e n t r a t i o n  i n  t h e s e  c l o u d s  was e s t i m a t e d  t o  be l o 7  - 3 . 1 0 ~  

e lementa ry  p o s i t i v e  c h a r g e s  p e r  c u b i c  c e n t i m e t e r .  

F u r t h e r  o b s e r v a t i o n s  o f  t h e  cha rge  s e p a r a t i o n  were made on 

January  1 8 t h .  T h i s  t i m e  t h e  space  cha rge  was measured d i r e c t l y  

w i t h  a  Faraday cage .  Steam c l o u d s  evo lv ing  from t h e  q u i e t  c o n t a c t  

of  l ava  and s ea  c o n t a i n e d  p o s i t i v e  cha rge  up t o  1.1 x 10  6 

e lementa ry  c h a r g e s  p e r  c u b i c  c e n t i m e t e r .  No n e g a t i v e  space  

cha rge  was obse rved ,  

According t o  t h e  p o t e n t i a l  g r a d i e n t  measurements made n e a r  

t h e  v o l c a n i c  c r a t e r  i n  February and March 1964,  t h e  volcano c loud  

c a r r i e d  a  n e t  p o s i t i v e  cha rge  a s  i t  was e j e c t e d  from t h e  c r a t e r .  

I t  is tempt ing  t o  a t t r i b u t e  t h e  p o s i t i v e  e l e c t r i c i t y  i n  t h e  

vo lcano  c loud  t o  t h e  c o n t a c t  o f  s e a  wa te r  w i t h  magma i n  t h e  

c r a t e r .  However, c a u t i o n  must be used h e r e ,  f o r  t h e  c o n d i t i o n s  

d u r i n g  t h e  e r u p t i o n  a r e  exceed ing ly  complex, and o t h e r  cha rge  

s e p a r a t i o n  mechanisms undoubtedly p l a y  a  r s l e .  I t  would be  o f  

g r e a t  i n t e r e s t  t o  i n v e s t i g a t e  t h e  s i m i l a r  i n t e n s e  l i g h t n i n g  

a c t i v i t y ,  which accompanies t h e  f r e q u e n t  s u b g l a c i a l  e r u p t i o n s  

i n  I c e l a n d .  I n  t h e s e  e r u p t i o n s  t h e  wa t e r  p l a y s  t h e  r a l e  of  t h e  

s e a  a t  S u r t s e y .  



C. Measurements of t h e  radon con ten t  of magmatic gas .  

Radon is t h e  decay product  of radium. If t h e  radium con- 

c e n t r a t i o n  i n  magma is determined, t h e  radon concen t r a t i on  i n  

t h e  magmatic r e s e r v o i r  can be c a l c u l a t e d .  A s  t h e  magma ascends  

and p r e s s u r e  i s  r e l e a s e d ,  t h e  magmatic gases  escape .  

A de t e rmina t ion  of  t h e  r a t i o  of t h e  radon c o n c e n t r a t i o n  i n  

t h e  magmatic g a s e s  and t h e  radon c o n c e n t r a t i o n  i n  t h e  magmatic 

r e s e r v o i r  would g ive  an  e s t i m a t e  of t h e  c o n t e n t  of v o l a t i l e  gases  

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

One a t t empt  has been made t o  determine t h e  radon con ten t  

i n  t h e  magmatic gases .  A va lue  of ,100 pC pe r  l i t e r  of magmatic 

gas  was ob ta ined .  Fu r the r  measurements a r e  necessary .  Measure- 

ments of t h e  radium con ten t  o f  t h e  l ava  a r e  i n  p r e p a r a t i o n .  



SOME GEOPHYSICAL STUDIES I N  SURTSEY I N  1964.  

Gudmundur Pdlmason 
S t a t e  E l e c t r i c i t y  Au tho r i t y  
Department o f  Na tu r a l  Heat 

1 )  A p r o v i s i o n a l  se ismograph was o p e r a t e d  i n  t h e  Vestmann Is- 

l a n d s  from Jan .  23 t o  A p r i l  11. I t  was assembled from p a r t s  

o b t a i n e d  from t h e  Department o f  Na tu r a l  Heat and t h e  Meteoro- 

l o g i c a l  O f f i c e ,  Reyk jav ik ,  The seismograms have been r e a d ,  

b u t  no comparison ha s  been made y e t  w i t h  o t h e r  d a t a  on t h e  

e r u p t i o n .  Due t o  e x c e s s i v e  u s e  o f  r e c o r d i n g  paper  i ts 

o p e r a t i o n  had t o  be d i s c o n t i n u e d  i n  A p r i l .  A t  p r e s e n t  i t  

would be  p o s s i b l e  t o  o p e r a t e  i t  a g a i n  f o r  some t i m e .  

2 )  I n  t h e  e x p e d i t i o n  o f  Nov. 25 I made a n  a t t e m p t  t o  measure t h e  

e l e c t r i c a l  c o n d u c t i v i t y  o f  t h e  f l owing  l a v a  nea r  t h e  s e a .  

The r e s u l t  was somewhat u n c e r t a i n ,  b u t  a r e s i s t i v i t y  of 2 t o  

8 ohmmeters was i n d i c a t e d .  The measurement was made w i t h  a 

f o u r  e l e c t r o d e  ar rangement  and a n  o r d i n a r y  e a r t h  r e s i s t i v i t y  

a p p a r a t u s .  The t empe ra tu r e  o f  t h e  f lowing  l a v a  was e s t i m a t e d  

a t  1 1 5 0 ~ ~  a c c o r d i n g  t o  measurements by P r a f ,  Thorb jo rn  

S i g u r g e i r s s o n ,  

The exper iment  was r e p e a t e d  on Jan .  18, 1965. Although 

t h i s  work was n o t  done i n  1964,  t h e  r e s u l t s  w i l l  be  g iven  

h e r e .  A two e l e c t r o d e  ar rangement  was used i n s t e a d  o f  f o u r .  

Readings  were e a s i l y  o b t a i n e d  and gave a r e s i s t i v i t y  o f  

aoub t  4 ohmmeters i n  good agreement w i t h  t h e  former r e s u l t .  

I n  view o f  t h e  agreement between t h e s e  two expe r imen t s ,  

t h e  r e s u l t s  a r e  cons ide r ed  f a i r l y  r e l i a b l e .  

3)  G r a v i t y  measurements i n  S u r t s e y  were planned i n  1964,  b u t  

due  t o  r e p a r a t i o n  o f  t h e  Worden Grav i t y  Meter o f  t h e  Depart-  

ment o f  N a t u r a l  Heat ,  t h e s e  cou ld  no t  be c a r r i e d  o u t .  The 

Gi-avity Meter was r e p a i r e d  i n  November, and h a s  been t a k e n  



t o  Surtsey twice i n  January 1965. The r e s u l t s  are  not  

y e t  a v a i l a b l e .  I t  would be d e s i r a b l e  t o  take grav i ty  

readings  on a l l  neighbouring i s l a n d s  where a he l i cop ter  

could land.  Such measurements would only  take a few hours.  



SOME GEOPHYSICAL MEASUREMENTS AND OBSERVATIONS 

I N  SURTSEY 1963-1964. 

by 
Thorbjorn S igu rge i r s son  

Univers i ty  of I ce l and ,  Phys i ca l  Laboratory 

1. Time-$apse photographs of  vo l can ic  c loud .  

During t h e  e a r l y  s t a g e s  of  t h e  e r u p t i o n ,  photographs 

were taken  of  t h e  upper p a r t  of t h e  v o l c a n i c  c loud a t  10  s e c .  

i n t e r v a l s  from t h e  Phys i ca l  Laboratory i n  Reykjavik ,  114 km from 

t h e  volcano.  The photographs were taken  on an 8 mm movie camera. 

The p e r i o d s  covered by t h e s e  photographs a r e :  

1963 Mov. 16 ,  7 ~ 3 0  - 16:05 I c e l .  Mean Time 
s P " 1 7 >  7 ~ 3 0  - 12:55 " o 8 P O  

0 P " 18 ,  11:20 - 15:35 " P O  PP 

0 P P q  22,  8 : 4 5 - 1 4 t 3 0  P q  P o P P 

t o  " 23, 9:50 - 16:05 '* P o P O  

" Dee. 1 ,  9235 - 1 5 ~ 4 5  " PP P 0  

From t h e s e  photographs i t  is  p o s s i b l e  t o  fo l low t h e  he igh t  

of t h e  c loud .  These measurements have not  y e t  been completed,  

bu t  t h e  maximum he igh t  shown on t h e s e  photographs occur red  on 

Nov. 23rd a t  10:lO o ' c l o c k ,  Between 7 and 9 km he igh t  t h e  t o p  

of t h i s  c loud r o s e  a t  a speed of 12 m/sec. F ig .  1 shows samples 

of how t h e  he igh t  of  t h e  v o l c a n i c  cloud v a r i e s  w i t h  t ime .  

2 .  Geomagnetic f i e l d  measurements, 

On Aug. 1 9 t h  f i e l d  i n t e n s i t y  measurements were c a r r i e d  

ou t  w i t h  a p ro ton  p reces s ion  magnetometer i n  c o l l a b o r a t i o n  

w i t h  M r .  Gudmundur Gudmundsssn. Measurements were made on 

p r o f i l e s  t o t a l l i n g  5 km a s  shown on t h e  map i n  f i g .  2 .  The 

r e s u l t s  have been reduced t o  mean f i e l d  i n t e n s i t y  a t  Leirvogur 

Magnetic Observatory,  and p r o f i l e s  A and B a r e  shown on f i g .  3 .  



P r o f i l e  A r e a c h e s  from t h e  e a s t  c o a s t  of t h e  i s l a n d  up a  s t e e p  

s l o p e  t o  t h e  155 m peak and from t h e r e  a l o n g  t h e  r i d g e  t o  t h e  

173 m h igh  t o p  c l o s e  t o  t h e  west c o a s t .  

The magnetic p r o f i l e  shows a  c l e a r  c o r r e l a t i o n  t o  t h e  

landscape.  A l l  peaks  g ive  inc reased  f i e l d  i n t e n s i t y ,  bu t  t h e  

v a r i a t i o n s  i n  i n t e n s i t y  a r e  remarkably s m a l l .  Along t h e  e n t i r e  

l e n g t h  of p r o f i l e  A t h e  i s l a n d  is  made of  v o l c a n i c  a s h e s  o r  sand ,  

formed du r ing  t h e  f i r s t  phase  of t h e  e r u p t i o n .  The r e s u l t s  show 

t h a t  t h i s  fo rmat ion  is  only  weakly magnetized.  

P r o f i l e  B r u n s  from t h e  end of t h e  l ava  f i e l d  i n  t h e  sou th-  

e a s t  p a r t  of  t h e  i s l a n d  a long  t h e  sandy beaches  i n  e a s t  and 

n o r t h  and ends  a t  t h e  end o f  t h e  l ava  f i e l d  i n  nor thwest .  

A s t r o n g  magnetic d i s t u r b a n c e  from t h e  l ava  shows up a t  

both ends  of  t h e  p r o f i l e .  Otherwise t h e  magnet ic  f i e l d  is homo- 

geneous. The two sma l l  maxima i n  t h e  magnet ic  p r o f i l e  might 

i n d i c a t e  t h e  l o c a t i o n  of  c r a t e r s  which were a c t i v e  du r ing  t h e  

e a r l y  s t a g e s  of t h e  e r u p t i o n .  

On Sep t .  1 2 t h  complete f i e l d  d e t e r m i n a t i o n s  were made 

a t  two p o i n t s  on t h e  i s l a n d  (marked by I  and I1 i n  f i g .  2.1. 

The D and H components were measured w i t h  a  QN-magnetometer 

and t h e  t o t a l  f i e l d  F w i t h  a  p ro ton  p r e c e s s i o n  magnetometer. 

Reduced t o  mean f i e l d  v a l u e s  a t  Leirvogur  t h e  r e s u l t s  were: 

Su r t s ey  I ( 2 0 ~ 3 6 ) 3 0 " ~ ,  6 3 ° 1 8 9 2 2 ' v ~ )  : 

D = 336O18' H = 1 2 8 0 0 ~ ~  F = 514556 

Sur t s ey  I1  ( 2 0 ~ 3 6 ' 3 0 ' ~ ~ ,  6 3 ° 1 8 ' 3 2 s v ~ )  : 

D = 336'44' H = 12847$ F = 51456i 

3 ,  Temperature measurements. 

On September 1 5 t h )  1964,  a n  a t t e m p t  was made t o  measure 

t h e  tempera ture  i n  f lowing lava  a t  i t s  advancing edge c l o s e  

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



The thermometer was a 2 m l ong  i r on -cons t an t an  thermo- 

coup le  enc lo sed  i n  a s t e e l  p i p e  O,SfQ i n  d i a m e t e r .  The e l e c t r o -  

mot ive  f o r c e  is measured w i t h  a microammeter having a n  i n t e r n a l  

r e s i s t a n c e  o f  25OOR and a f u l l  s c a l e  d e f l e c t i o n  of  50,uA. 

Temperature measurements i n  two d i f f e r e n t  p l a c e s  gave t h e  

f o l l o w i n g  r e s u l t s :  

Emf Cold j u n c t i o n  t empe ra tu r e  

64,5mV 25Oc 

63,OmV 30°c 

S tandard  t a b l e s  o f  Ehf f o r  i r on -cons t an t an  thermocouples  

on ly  ex t end  t o  ~ O O O ~ C ,  b u t  a l i n e a r  e x t r a p o l a t i o n  would g i v e  

a s  a r e s u l t  of t h e  two t empe ra tu r e  measurements 1 1 3 0 ~ ~  and 

1 1 1 0 ~ ~  r e s p e c t i v e l y .  For such  h i g h  t e m p e r a t u r e s  a n  iron-con- 

s t a n t a n  thermocouple is, however, no t  a r e l i a b l e  thermometer.  

Subsequent ly  a n  a t t e m p t  was made t o  measure t h e  tempera- 

t u r e  i n  a f lame of  g a s  emerging from a s m a l l  opening i n  t h e  

t o p  of a l a v a  cone abou t  100 m from t h e  c r a t e r ,  The opening was 

on ly  abou t  1 0  cm l o n g  and 1 c m  wide ,  b u t  t h e  g a s  emerged from 

it w i t h  a g r e a t  f o r c e ,  a p p a r e n t l y  w i t h  s u p e r s o n i c  speed ,  c r e a t i n g  

a loud w h i s t l i n g  sound. Samples o f  t h i s  g a s  were c o l l e c t e d  by 

Gudmundur S igva ldason  and Gunnlaugur E l i s s o n  f o r  chemical  and 

i s o t o p i c  a n a l y s i s .  

When t h e  thermometer was i n s e r t e d  i n  t h e  f l ame ,  t h e  s t e e l  

p i p e  mel ted  o r  burned ,  and t h e  thermocouple  was d e s t r o y e d .  A 

t ube  o f  s t a i n l e s s  S t e e l  used f o r  c o l l e c t i n g  g a s  samples was, 

however, no t  a f f e c t e d  by t h e  f l ame .  

On November 2 5 t h )  1964,  t empe ra tu r e  measurements were 

made w i t h  a 1 0  m l o n g  Chromel-Alumel thermocouple  enc lo sed  i n  

a chromium-nickel s t e e l  t u b e ,  0.25'' i n  d i a m e t e r .  The r e s i s t a n c e  

of  t h e  thermocouple i s  5 R .  The Emf was measured w i t h  t h e  same 

i n s t rumen t  a s  p r e v i o u s l y .  Measurements i n  a n  advancing l a v a  

f r o n t  a t  t h e  c o a s t  due s o u t h  o f  t h e  c r a t e r  gave t h e  f o l l o w i n g  

r e s u l t s :  



Emf Cold j u n c t i o n  t empe ra tu r e  T  

Loca t i on  1 47,9mV 
I S  2 47,9mV 

The thermometer i n t ended  f o r  measur ing t h e  t empe ra tu r e  

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

on ly  e s t i m a t e d .  

Near t o  t h e  c r a t e r  t h e  thermometer was sunk abou t  5  m 
i n t o  a  l a r g e  opening i n  a  l a v a  t u n n e l .  A t empe ra tu r e  o f  abou t  

1 1 4 0 ~ ~  was r e a c h e d , b u t  t h e  thermometer d i d  no t  r e a c h  t h e  f l u i d  

l a v a .  T h i s  same openibg was be ing  used f o r  g a s  sampl ing by 

Gudmundur S igva lda son ,  Gunnlaugur E l f s s o n  and B r a g i  Arnason. 

I n  a n o t h e r  opening a t  t h e  edge of t h e  c r a t e r  a  tempera- 

t u r e  o f  abou t  1 1 7 0 ~ ~  was measured,  b u t  a l s o  h e r e  t h e  thermo- 

meter  does  n o t  appear  t o  have r eached  t h e  f l u i d  l a v a ,  ( v i s u a l  

o b s e r v a t i o n  was made imposs ib l e  by t h e  h e a t ) .  

On January  l a t h ,  1965,  a n  a t t e m p t  was made t o  measure 

t h e  t e m p e r a t u r e  i n  t h e  c r a t e r  i t s e l f .  The thermometer was hang- 

i n g  abou t  8 m v e r t i c a l l y  down from a  c l i f f  forming t h e  bank of 

t h e  c r a t e r  l a k e ,  t h e  c o l d  j u n c t i o n  was on ly  2  m from t h e  edge.  

A v i s u a l  o b s e r v a t i o n  o f  t h e  thermometer was n o t  p o s s i b l e  and 

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

t h e  t empe ra tu r e  on ly  r o s e  t o  between 1000 and 1 1 0 0 ~ ~ .  When t h e  

thermometer was p u l l e d  ou$ , abou t  50 kg o f  s o l i d i f i e d  l a v a  was 

s t f c k i n g  t o  i t s  end .  Most l i k e l y  t h i s  came from lumps o f  p a r t l y  

s o l i d i f i e d  l a v a  which were thrown up from t h e  s u r f a c e  o f  t h e  

l a v a  l a k e .  I n  a n  a t t e m p t  t o  f r e e  t h e  end o f  t h e  thermometer 

from t h e  s o l i d i f i e d  l a v a , t h e  thermometer was broken and had t o  

be b rought  home f o r  r e p a i r .  

On January  31st, t h e  t empe ra tu r e  was measured i n  l a v a  

abou t  800 m SSW of  t h e  c r a t e r  and 100 rn from t h e  s e a .  The l a v a  

came w e l l i n g  up th rough  c r a c k s  i n  t h e  c o n s o l i d a t e d  l a v a  f i e l d  

and had formed a  low dome-shaped h i l l .  A t  t h e  edges  o f  t h i s  

h i l l  t h e  mol ten  l a v a  emerged th rough  s m a l l  open ings  (20-40 cm 

i n  d iam. )  i n  t h e  p a r t l y  s o l i d i f i e d  c r u s t .  F r equen t l y  t h e  f low 



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

a few m i n u t e s ,  b u t  new o u t l e t s  were formed e l s e w h e r e .  

The end  o f  t h e  thermometer  was pushed  t o  a  d e p t h  o f  

10-20 c m  i n t o  t h e  l a v a  and  a l l o w e d  t o  f o l l o w  i ts  f l o w  f o r  a b o u t  

h a l f  a  meter. T h i s  t a k e s  a  few m i n u t e s  a n d  meanwhile  a  s o l i d  

c r u s t  s t a r t s  t o  form on t h e  s u r f a c e ,  s o  t h a t  t h e  thermometer  

h a s  t o  b e  p u l l e d  o u t  t o  a v o i d  i ts  f r e e z i n g  i n .  

B o t h  a  p o t e n t i o m e t e r  a n d  t h e  p r e v i o u s l y  men t ioned  mic ro -  

ammeter (AVO-Meter) were u s e d  t o  measu re  t h e  Emf o f  t h e  thermo- 

c o u p l e ,  wh ich  had b e e n  r e p a i r e d  by w e l d i n g  t o g e t h e r  t h e  e n d s  

o f  t h e  wires a n d  t h e  s h i e l d  t u b e  w i t h  s t a i n l e s s  s t e e l .  

The microammeter  was c a l i b r a t e d  a g a i n s t  t h e  p o t e n t i o m e t e r  

on  November 2 6 ,  1 9 6 4 ,  and a g a i n  on  F e b r u a r y  2md, 1965 ,  w i t h  t h e  

same r e s u l t .  

The f o l l o w i n g  9 t e m p e r a t u r e  d e t e r m i n a t i o n s  were made: 

Meter 16mf C.  j .  temp. T 
mV O c  Oc 

AVO 

P o t .  

AVO 
19  

t t  

P o t .  
t t 

t t  

The r e s u l t s  show t h a t  t h e  t e m p e r a t u r e  v a r i e s  a  g r e a t  

d e a l  f rom p l a c e  t o  p l a c e ,  and most  l i k e l y  t h e  e n t i r e  mass  o f  

l a v a  w e l l i n g  u p  i n  t h i s  p l a c e  h a s  b e e n  c o o l e d  down t o  some 

e x t e n t .  The f o u r  l a s t  measurements  a r e  made i n  two o p e n i n g s  

o n l y  a  few meters a p a r t ,  and  g i v e  c o n s i s t e n t  r e s u l t s .  










