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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 






