
Repor t  on C o l l e c t i o n  and A n a l y s i s  of  

Volcan ic  Gases from S u r t s e y  

by 
Gudmundur E. S igva  l d a s o n  and Gunnlaugur E l i s s o n  

U n i v e r s i t y  Resea rch  I n s t i t u t e ,  Reykjavik  

The p r e s e n t  p r o g r e s s  r e p o r t  summarizes t h e  r e s u l t s  of  g a s  

a n a l y s e s  on  samples  from S u r t s e y  i n  1965.  The l a v a  p r o d u c t i o n  

s t o p p e d  d u r i n g  May 1965 and a f t e r  t h a t  g a s  sampl ing  h a s  n o t  been 

a t t e m p t e d  s i n c e  no v i g o r o u s  f u m a r o l i c  a c t i v i t y  is found on t h e  

i s l a n d .  

O f  s e v e r a l  a t t e m p t s  which were made t o  c o l l e c t  g a s e s  d u r i n g  

1965 on ly  two were  s u c c e s s f u l .  The c o l l e c t i o n s  were made u s i n g  t h e  

same a p p a r a t u s  a s  d e s c r i b e d  i n  t h e  p r e v i o u s  r e p o r t ,  b u t  t h e  wa te r  

t r a p  was c o o l e d  i n  a  wa te r  b a t h  ( c a .  1 0 ' ~ )  i n s t e a d  o f  a i r .  

The a n a l y s i s  a r e  p r e s e n t e d  i n  t a b l e  1 and 2 .  The samples  

from J a n .  18 a r e  h e a v i l y  con tamina ted  w i t h  a i r ,  whereas  t h e  

samples  from February  21  c o n t a i n  o n l y  0.07% o f  i n a c t i v e  g a s e s  

i n d i c a t i n g  comple te  absence  o f  c o n t a m i n a t i o n .  

On two o c c a s i o n s , 0 c t .  15 1964 and Febr .  2 1  1965,  i t  h a s  been 

p o s s i b l e  t o  c o l l e c t  g a s e s  w i t h o u t  any o b v i o u s  c o n t a m i n a t i o n .  A 

number of u n s u c c e s s f u l  a t t e m p t s  were made and i t  might  be wor th  

w h i l e  t o  compare c o n d i t i o n s  a t  sampl ing  s i t e s  where good and 

poor samples  were o b t a i n e d  . 
The sampl ing  si tes can  be  d i v i d e d  i n t o  t h r e e  groups:  

1. Cracks  i n  c o o l i n g  l a v a ,  where sampl ing  t u b e  c o u l d  be 

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

Tempera ture  a l r e a d y  below t h e  s o l  i d u s  o r  a round 8 0 0 - € 3 5 0 ~ ~ .  

2 .  Narrow c r a c k s  i n  t h e  c o n s o l i d a t e d  r o o f  o f  a  l a v a t u b e ,  w i t h  

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

e x c e p t  f o r  t h e  s m a l l  c r a c k s  i n  t h e  r o o f  where t h e  g a s e s  

e s c a p e  under p r e s s u r e .  



3 .  A c t i v e  chimneys ( h o r n i t o s )  on c o n s o l i d a t e d  l a v a  s u r f a c e .  

Openings a r e  wide w i t h  r e s p e c t  t o  t h e  c r a c k s  mentioned 

under group 2  and t h e  g a s e s  a r e  r e l e a s e d  under atmos- 

p h e r i c  p r e s s u r e .  

Q u a l i t y  of  samples  from group 1 s i t e s  is poor .  The on ly  

a c t i v e  g a s  found is C02 i n  s m a l l  q u a n t i t i e s  ( l e s s  t h a n  1 . 0 % )  

and t h e  r e s t  is a i r .  

C o n d i t i o n s  r e p r e s e n t i n g  t h e  group 2  s i t e s  were obse rved  on 

Oc t .  15  1964. T h i s  is a  somewhat i d e a l i z e d  c o n d i t i o n ,  which is 

probab ly  n o t  o f t e n  found under v o l c a n i c  e r u p t i o n s .  The group 3 

s i t e s  a r e  l i k e l y  t o  be  found i n  most l ava  e r u p t i o n s  and s p e c i a l  

a t t e n t i o n  s h o u l d  b e  g i v e n  t o  s i t e s  o f  t h i s  k i n d .  I n c r e a s i n g  con- 

t a m i n a t i o n  from a i r  is found w i t h  i n c r e a s i n g  d i a m e t e r  of  t h e  

chimney open ing .  Comparison o f  our  samples  from J a n .  18 and 

F e b r .  2 1  1965 shows t h i s  c l e a r l y .  The f i r s t  samples  c o l l e c t e d  

from a  chimney w i t h  a  one meter  opening a r e  h e a v i l y  c o n t a m i n a t e d ,  

b u t  t h e  l a t t e r  samples  where t h e  opening was t e n  t i m e s  s m a l l e r  

i s  a p p a r e n t l y  f r e e  from any a i r  c o n t a m i n a t i o n .  S p a t t e r i n g  from 

t h e  chimneys may c a u s e  some d i f f i c u l t y  by c l o g g i n g  t h e  sampl ing  

t u b e s .  

Common t o  sampl ing  sites of  group 2 and 3 is development of  

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

ga s  d i s c h a r g e .  At tempts  t o  c o l l e c t  g a s e s  where no f l a m e s  were 

p r e s e n t  e i t h e r  f a i l e d  o r  gave poor r e s u l t s .  

On t h e  b a s i s  of  our  f i e l d  o b s e r v a t i o n  combined w i t h  t h e  

chemical  a n a l y s i s  o f  t h e  g a s e s  we a r e  l e d  t o  b e l i e v e ,  t h a t  t h e  
0 p r o c e s s  of  d e g a s s i n g  from a  l a v a s t r e a m  a t  1400 k is  e s s e n t i a l l y  

r e s t r i c t e d  t o  a  r e l a t i v e l y  s h o r t  t ime  a f t e r  t h e  l a v a  h a s  appeared  

a t  t h e  s u r f a c e .  Dur ing t h i s  s h o r t  p e r i o d  of  t i m e  t h e  l a v a  l o o s e s  

up t o  80-90% of  i ts  v o l a t i l e  c o n s t i t u e n t  ( s e e  a l s o  B j o r n s s o n ,  t h i s  

r e p o r t )  i n  e s s e n t i a l l y  t h e  same p r o p o r t i o n s  a s  i n i t i a l l y  p r e s e n t  

i n  t h e  magma. The l i b e r a t i o n  of  t h e  10-20% v o l a t i l e s ,  which a r e  



l e f t  a f t e r  v igorous  g a s  r e l e a s e  i n  t h e  f r e s h  lava has  subs ided ,  

goes  very s lowly and t h e  chemist ry  of t h e  gases  is l i k e l y  t o  a l t e r  

because of r e a c t i o n s  w i th  a i r  and t h e  c q y s t a l l i z i n g  rock .  

E l l i s  (1959) computed a  t h e o r e t i c a l  composit ion of magmatic 

gases  u s ing  e x i s t i n g  thermodynamical d a t a .  A composit ion w i t h  

molecular  r a t i o s  H z 0  : C02 : H2 : S2, 100 : 10  : 2  : 1 was used 

a s  a  b a s i s  f o r  t h e  c a l c u l a t i o n  s i n c e  t h i s  composit ion is s i m i l a r  

t o  many geothermal and vo lcan ic  gases .  In  a tomic r a t i o s  t h i s  corn- 

P o s i t i o n  is  H : O : C : S ,  100 : 60 : 5 : 1 and our  sample from 

Febr .  2 1  1965 has  t h e  atomic r a t i o s  100 : 60 : 4  : 2 .  I n  s p i t e  o f  

t h e  h igher  su lphur  con ten t  and somewhat lower carbon i n  our  sample, 

i t  is of i n t e r e s t  t o  compare t h e  t h e o r e t i c a l  v a l u e s  a t  1 4 0 0 ~ ~  

w i t h  t h e  a c t u a l  composit ion of t h e  Su r t s ey  gases .  The l a s t  column 

of t a b l e  1 g i v e s  t h e  t h e o r e t i c a l  v a l u e s  from E l l i s ,  which a r e  

s t r i k i n g l y  s i m i l a r  t o  some of our samples.  Th i s  f a c t  g i v e s  u s  a  

c e r t a i n  degree  of conf idence t o  s t a t e ,  t h a t  t h e  gas  samples from 

Sus tsey  may be c l o s e  t o  chemical  equ i l i b r ium a t  PI' c o n d i t i o n s  

of  t h e  sampling s i t e .  
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TABLE I 

TABLE I1  

15.10.1964 21.2.1965 
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