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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  








