
Radon i n  magmatic g a s  a t  S u r t s e y  and i ts  p o s s i b l e  

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

S v e i n b j o r n  Bjornsson  
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  
Department of N a t u r a l  Heat 

A b s t r a c t .  

The a v e r a g e  r a d o n  a c t i v i t y  of magmatic g a s  sampled on 

2 1  February  1965 a t  t h e  l a v a  c r a t e r  o f  S u r t s e y  was found t o  be 

125 t 5% pC/l o f  g a s .  The radium c o n t e n t  o f  t h e  l a v a  was found t o  

be  l e s s  t h a n  0 . 4  10- l2  g/g. The r a d i o a c t i v i t y  of a  5  g  sample 

p r e p a r e d  was less t h a n  t h e  background a c t i v i t y  i n  t h e  i o n i z a t i o n  

chambers used  f o r  t h e  measurements .  An a t t e m p t  f o r  d e t e r m i n i n g  t h e  

radium c o n t e n t  by more s e n s i t i v e  methods is  i n  p r e p a r a t i o n .  

A method is s u g g e s t e d  f o r  e s t i m a t i n g  t h e  wa te r  c o n t e n t  of  

t h e  magma by c a l c u l a t i n g  t h e  radon  c o n t e n t  o f  t h e  magma b e f o r e  

e r u p t i o n  from i t s  radium c o n t e n t  and measur ing  t h e  radon/water  

r a t i o  i n  t h e  l i b e r a t e d  magmatic g a s .  

The radium c o n t e n t  of t h e  S u r t s e y  l a v a  is  n o t  known a t  

p r e s e n t ,  b u t  c a l c u l a t i o n s  based on a n  a v e r a g e  radium c o n t e n t  i n  

s i m i l a r  b a s a l t s  and t h e  obse rved  radon/water  r a t i o  i n  t h e  magmatic 

g a s  gave a  wa te r  c o n t e n t  of  0 . 9  w t .  % i n  t h e  e r u p t e d  magma. 

I n t r o d u c t i o n .  

During t h e  l a v a  phase  of t h e  S u r t s e y  e r u p t i o n  s e v e r a l  

a t t e m p t s  were made t o  sample magmatic g a s  from t h e  a c t i v e  c r a t e r ,  

Gas samples  were t a k e n  f o r  chemical  a n a l y s i s ,  t h e  measurement of  

t h e  D/H - r a t i o  i n  H2 - g a s  and wa te r  vapor  and t h e  measurement 

o f  r a d o n .  

The r a d o n  c o n t e n t  of  magmatic g a s  is of  c o n s i d e r a b l e  i n t e r e s t ,  

because  t h e  d e t e r m i n a t i o n  o f  r adon  i n  t h e  g a s  and i ts  p a r e n t  



n u c l i d e ,  r ad ium,  i n  t h e  l a v a  may supply  i n f o r m a t i o n  f o r  e s t i -  

ma t ing  t h e  c o n t e n t  o f  wa te r  i n  t h e  magma. 

Sampling o f  g a s .  

The g a s  samples  f o r  r adon  measurement were t a k e n  s imul-  

t a n e o u s l y  w i t h  samples  f o r  chemical  a n a l y s i s  and deu te r ium 

measurements u s i n g  a  common sampl ing  a p p a r a t u s .  The sampl ing  

p r o c e d u r e  is  d e s c r i b e d  by Arnason ( 1 , 2 )  and S i g v a l d a s o n  and 

E l i s s o n  ( 3 , 4 ) .  

Measurement o f  r a d o n .  

The a c t i v i t y  o f  r adon  i n  t h e  g a s  sample was measured by 

c o n v e n t i o n a l  methods ( e .  g .  Evans ( 5 ) )  u s i n g  a  4 - l i t e r - i o n i z a t i o n  

chamber and a  V i c t o r e e n  475 A v i b r a t i n g  r e e d  e l e c t r o m e t e r  f o r  

r e a d i n g  t h e  i o n i z a t i o n  c u r r e n t  of  r adon  i n  e q u i l i b r i u m  w i t h  i t s  

decay p r o d u c t s .  The equipment was c a l i b r a t e d  w i t h  t h e  a i d  o f  a  

s t a n d a r d  0 , 0 9 9 p C  r a d i u m - s o l u t i o n .  

The background c u r r e n t  i n  t h e  i o n i z a t i o n  chambers was 

e q u i v a l e n t  t o  a  r a d o n  a c t i v i t y  o f  2  PC. The r a d o n  a c t i v i t y  of 

samples  c o n t a i n i n g  l e s s  t h a n  2 pC cou ld  t h e r e f o r e  on ly  be  

de te rmined  w i t h  a  l i m i t e d  a c c u r a c y .  

Measurement o f  radium i n  l a v a .  

I n  o r d e r  t o  e s t i m a t e  t h e  i n i t i a l  c o n c e n t r a t i o n  o f  r a d o n  i n  

t h e  magma a n  a t t e m p t  was made t o  d e t e r m i n e  t h e  radium c o n t e n t  of  

t h e  i s s u e d  l a v a .  The sample used f o r  t h e  radium a n a l y s i s  was a  

lava-bomb, which was e j e c t e d  from t h e  c r a t e r ,  w h i l e  t h e  g a s  

samples  were t a k e n  on 2 1  February  1965. 

The chemica l  p r e p a r a t i o n  o f  t h e  sample was performed by 

B.  Arnason a t  t h e  P h y s i c a l  Labora to ry  o f  t h e  U n i v e r s i t y  o f  I c e l a n d .  
.. 



The p r e p a r a t i o n  was s i m i l a r  t o  t h a t  d e s c r i b e d  by Hudgens e t  a l .  ( 6 ) .  

5  g  o f  l a v a  were r e p e a t e d l y  d i s s o l v e d  i n  HF and f u s e d  w i t h  Na2C03, 

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

o f f  i n  a  g l a s s  gas -wash ing-bo t t l e  i d e n t i c a l  t o  t h e  b o t t l e  c o n t a i n i n g  

t h e  s t a n d a r d - r a d i u m - s o l u t i o n .  Grea t  c a r e  was t a k e n  t h a t  no m a t e r i a l s ,  

which a b s o r b  r a d o n  ( e . g .  g r e a s e ,  r u b b e r )  were i n  c o n t a c t  w i t h  t h e  

r a d o n  g e n e r a t e d  i n  t h e  b o t t l e .  A f t e r  30  days  t h e  r a d o n  had a t t a i n e d  

e q u i l i b r i u m  w i t h  i t s  p a r e n t  n u c l i d e .  The radon  was t h e n  t r a n s f e r r e d  

i n t o  a n  evacua ted  i o n i z a t i o n  chamber by blowing b u b b l e s  o f  N2 t h r o u g h  

t h e  s o l u t i o n  u n t i l  t h e  r a d o n  was comple te ly  washed o u t  of  t h e  

s o l u t i o n .  The method is  d e s c r i b e d  i n  d e t a i l  by Lucas ,  ( 7 ) .  

The same method was used f o r  t r a n s f e r r i n g  r a d o n  from t h e  

s t a n d a r d  radium s o l u t i o n  i n t o  t h e  chamber f o r  c a l i b r a t i o n .  

R e s u l t s .  

Radon. The r e s u l t s  o f  t h e  radon  measurement a r e  shown i n  

T a b l e  I .  The samples  t a k e n  on 2 5  November 1964 and 18 January  1965 

were h e a v i l y  con tamina ted  w i t h  a t m o s p h e r i c  a i r .  Chemical a n a l y s i s  

( s e e  S i g v a l d a s o n  and E l i s s o n  ( 3 , 4 ) )  i n d i c a t e d  a  90 - 95% contamina-  

t i o n .  I f  sample 1 and 2 a r e  c o r r e c t e d  f o r  c o n t a m i n a t i o n ,  t h e y  

i n d i c a t e  a  r a d o n  c o n c e n t r a t i o n  o f  t h e  o r d e r  o f  100 pC/1. 

On 2 1  February  f a r  b e t t e r  samples  were o b t a i n e d .  They con- 

t a i n e d  l e s s  t h a n  0.75 % N 2 ,  which i n d i c a t e s  l e s s  t h a n  1% atmos- 

p h e r i c  c o n t a m i n a t i o n ,  i f  any a t  a l l .  Samples 5 ,  7 and 8 gave 

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

125 2 5% pC/1. 

Radium. The radium c o n t e n t  of t h e  s o l u t i o n  c o n t a i n i n g  5  g  

of  d i s s o l v e d  l a v a  was found t o  be  l e s s  t h a n  2 PC. An a c c u r a t e  

d e t e r m i n a t i o n  of t h e  radium c o n t e n t  was n o t  p o s s i b l e ,  because  

t h e  radon  a c t i v i t y  g e n e r a t e d  by t h e  p r e p a r e d  sample was l e s s  

t h a n  t h e  background a c t i v i t y  i n  t h e  i o n i z a t i o n  chamber. 



D i s c u s s i o n  o f  t h e  r e s u l t s .  

Radon and radium. I n  uncontaminated samples  o f  magmatic 
+ g a s  t h e  a v e r a g e  radon  c o n t e n t  was 125 - 5% pC/1. 

The radium c o n t e n t  of l a v a  i s s u e d  a t  t h e  same t i m e  was found 

t o  be l e s s  t h a n  0 , 4  1 0  -12 g/g. T h i s  i n d i c a t e s  a  r a d o n  c o n t e n t  i n  

t h e  magma less t h a n  0 , 4  pC/g. F u r t h e r  a t t e m p t s  t o  d e t e r m i n e  t h e  

radium c o n t e n t  of  t h e  l a v a  a r e  n e c e s s a r y .  I f  t h e  measurements a r e  

made w i t h  p r e s e n t  a p p a r a t u s ,  a b o u t  50 g  of  l a v a  must be  d i s s o l v e d  

f o r  a  radium a n a l y s i s .  

The b a s a l t  of S u r t s e y  i s  o f  t h e  a l k a l i  - o l i v i n e  t y p e  

( S t e i n t h o r s s o n  ( 8 ) ) .  I n  a l k a l i  - o l i v i n e  b a s a l t s  i n  Japan  Heier  

and Rogers  ( 9 )  found a n  uranium c o n t e n t  of  0 , 4 8  + 20% ppm and 

0 , 5 7  2 13% ppm r e s p e c t i v e l y .  I f  a  r a d i o a c t i v e  e q u i l i b r i u m  between 

uranium and radium is  assumed t h i s  would cor respond  t o  a  radium 

c o n t e n t  of  0 , 1 6  * 10-12 - + 20% g/g and 0 , 1 9  . 10-l2 A 13% g/g 

r e s p e c t i v e l y .  

I n  a  r e v i e w  a r t i c l e  on t h e  r a d i o a c t i v i t y  o f  b a s i c  r o c k s  

H e i e r  and C a r t e r  (10)  found a n  a v e r a g e  v a l u e  f o r  t h e  uranium c o n t e n t  

o f  1 4  a n a l y s e s  o f  i s l a n d  b a s a l t s  from Hawai, Japan  and t h e  Mid 

A t l a n t i c  r i d g e  t o  be 0 , 4 6  ppm, which c o r r e s p o n d s  t o  a n  e q u i l i b r i u m  

v a l u e  of radium o f  0 , 1 6  10-l2 g/g. 

The upward l i m i t  f o r  t h e  radium c o n t e n t  of  t h e  S u r t s e y  l a v a  

g i v e n  above,  i s  c o n s i s t e n t  w i t h  t h i s  a v e r a g e  v a l u e .  

L i b e r a t i o n  o f  g a s  from magma. 

Before  t h e  r e s u l t s  above a r e  used f o r  e s t i m a t i n g  t h e  w a t e r  

c o n t e n t  o f  t h e  magma a  s h o r t  d i s c u s s i o n  o f  t h e  mechanism o f  t h e  

l i b e r a t i o n  o f  g a s  from magma i s  n e c e s s a r y .  A s  t h e  magma a s c e n d s  

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

magma may become o v e r s a t u r a t e d  f o r  some o f  i t s  g a s  components.  

Bubbles  of  g a s  w i l l  t h e n  be  c r e a t e d  i n  t h e  magma. I n  r a p i d l y  

a s c e n d i n g  magma g r e a t  o v e r s a t u r a t i o n  may occur  b e f o r e  any b u b b l e s  



a r e  formed. A f t e r  t h e  f o r m a t i o n  o f  b u b b l e s  e a c h  component of  t h e  

g a s  w i l l  s t r i v e  t o  e s t a b l i s h  a n  e q u i l i b r i u m  between t h e  l i q u i d  

and g a s ,  de te rmined  by i ts  s o l u b i l i t y  i n  t h e  magma. Because o f  t h e  

h i g h  v i s c o s i t y  o f  t h e  magma ( E i n a r s s o n  ( 1 1 ) )  t r a v e l  of  b u b b l e s  

r e l a t i v e  t o  t h e  magma i s  n e g l i g i b l e  and g a s  w i l l  t h e r e f o r e  n o t  

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

t h e  c r a t e r .  

The c o m p o s i t i o n  of  t h e  g a s  accumula t ing  under t h e  r o o f  of 

a  l a v a  l a k e  w i l l  be  t h e  same a s  i n  t h e  bubb les  and w i l l  depend on 

t h e  amount of e a c h  component i n i t i a l l y  d i s s o l v e d  i n  t h e  magma and 

t h e  s o l u b i l i t y  o f  t h e s e  components a t  abou t  1 1 0 0 ~ ~  and 1 atm 

p r e s s u r e .  

Water.  

The s o l u b i l i t y  of wa te r  i n  magma h a s  been thorough ly  

i n v e s t i g a t e d .  See  e .  g .  Goranson, ( 1 2 ) ,  K h i t a r o v  e t  a l .  (13)  and 

Hamilton e t  a l .  ( 1 4 ) .  

R u s s e l ,  (15)  and K u r k i j a n  e t  a l .  (16)  have obse rved  t h a t  a  

p l o t  o f  t h e  s o l u b i l i t y  (mol %) o f  wa te r  i n  mol ten  a l k a l i  s i l i c a t e s  

v e r s u s  t h e  s q u a r e  r o o t  of  p r e s s u r e  r e s u l t e d  i n  a  s t r a i g h t  l i n e  

r e l a t i o n s h i p  i n  t h e  p r e s s u r e  r e g i o n  below one a tmosphere .  S i m i l a r  

p l o t s  of  t h e  d a t a  o b t a i n e d  by Hamilton e t  a l .  (14)  f o r  b a s a l t s  a t  

1 1 0 0 ~ ~  i n  t h e  r e g i o n  of  1000 - 6000 b a r s  p r e s s u r e  ( 1  kp/cm2 = 

0 . 9 8  b a r s )  show t h a t  t h e  s o l u b i l i t y  (mol %) is  l i n e r a r l y  r e l a t e d  

t o  t h e  s q u a r e  r o o t  o f  p r e s s u r e .  The s t r a i g h t  l i n e  p a s s e s  t h r o u g h  

t h e  o r i g i n  and h a s  a  s l o p e  o f  0 . 3 3  (mole % / ( b a r s )  i). The s o l u -  

b i l i t y  i n  moles % v e r s u s  p r e s s u r e  i n  b a r s  i n  b a s a l t  a t  1 1 0 0 ~ ~  

w i l l  be e x p r e s s e d  by t h e  formula  

According t o  Hamilton e t  a l .  (14)  t h i s  s t r a i g h t  l i n e  

r e l a t i o n s h i p  between s o l u b i l i t y  and t h e  s q u a r e  r o o t  o f  p r e s s u r e  



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

i s  f i x e d  i n  t h e  l i q u i d  s t r u c t u r e  a s  hydroxyl  i o n s .  Accord ing ly ,  

e a c h  mole of  w a t e r  is v i s u a l i z e d  a s  e n t e r i n g  t h e  m e l t  i n  t h e  

f o l l o w i n g  manner: 

- - 
H20  g a s  + 0 mel t  = 2 OH- m e l t  

I t  t h e n  f o l l o w s ,  a t  c o n s t a n t  t e m p e r a t u r e ,  t h a t  

pH20  - gas] i f O - n ~ E l t ]  

T h e r e f o r e ,  a s  a  f i r s t  a p p r o x i m a t i o n ,  t h e  c o n c e n t r a t i o n  

( t h e  s o l u b i l i t y )  o f  OH- i n  t h e  mel t  a t  a  g i v e n  t e m p e r a t u r e  v a r i e s  

a s  t h e  s q u a r e  r o o t  s f  t h e  wa te r  p r e s s u r e .  

The e x p e r i m e n t a l  d a t a  of  Hamilton e t  a l .  (14)  do n o t  r e a c h  

below 1000 b a r s  p r e s s u r e ,  b u t  t h e  f a c t s  t h a t  t h e i r  e m p i r i c a l  

s t r a i g h t  l i n e  g o e s  th rough  o r i g o  and t h a t  t h i s  r e l a t i o n s h i p  has  

a l s o  been obse rved  f o r  p r e s s u r e s  below one a tmosphere ,  i n d i c a t e ,  

t h a t  e x t r a p o l a t i o n  of t h i s  l i n e  t o  lower p r e s s u r e s  w i l l  g i v e  u s  

a  good e s t i m a t e  f o r  t h e  s o l u b i l i t y  o f  w a t e r  i n  b a s a l t i c  magma a t  

? L ~ O O ~ C  down t o  p r e s s u r e s  of  abou t  one a tmosphere .  

I n  t h i s  way we o b t a i n  a  s o l u b i l i t y  of  3 . 3  mole % ( 1 . 1  w t  %) 
a t  100 b a r s  p r e s s u r e ,  1 , 0 5  mole % ( 0 . 3 5  w t  %) a t  1 0  b a r s  and 0 . 3 3  

mole % ( 0 . 1  w t  %) a t  1 b a r s  p r e s s u r e .  100 b a r s  p r e s s u r e  c o r r e s p o n d s  

a p p r o x i m a t e l y  t o  380 m. d e p t h  i n  magma. 

From t h e s e  r e s u l t s  we may deduce t h a t  magma, c o n t a i n i n g  l e s s  

t h a n  0 . 1  w t  % of  w a t e r ,  would never  s a t u r a t e  and no b u b b l e s  would 

b e  formed by S h e  w a t e r  vapor .  I f  i t  c o n t a i n s  0 . 3 5  w t  %, s a t u r a t i o n  

w i l l  occur  a t  a b o u t  40 rn d e p t h  and a b o u t  70% of  t h e  wa te r  w i l l  be 

e x p e l l e d  a t  t h e  s u r f a c e .  I f  t h e  wa te r  c o n t e n t  is  1 w t  % t h e  magma 

w i l l  s a t u r a t e  a t  350 m d e p t h  and 90% of  t h e  wa te r  vapor w i l l  be 

l i b e r a t e d .  S i n c e  t h e  magGa is r a p i d l y  a s c e n d i n g ,  bubb le  f o r m a t i o n  



may f i r s t  o c c u r  a f t e r  a  some d e g r e e  of  o v e r s a t u r a t i o n  b u t  once 

t h e  b u b b l e s  a r e  formed,  l i b e r a t i o n  of  t h e  wa te r  w i l l  r a p i d l y  

p roceed .  

Argon and r a d o n .  

I t  i s  w e l l  e s t a b l i s h e d  by t h e  workers  of  t h e  K - A r  - method 

t h a t  f r e s h  l a v a  c o n t a i n s  no d e t e c t a b l e  amount o f  a r g o n .  We may 

t h e r e f o r e  conc lude  t h a t  a rgon  has  a  n e g l i g i b l e  s o l u b i l i t y  i n  magma 

a t  1 atm p r e s s u r e  and 1 1 0 0 ~ ~ .  Radon is a n  i n e r t  g a s  l i k e  a r g o n  and 

t h e  on ly  d i f f e r e n c e  i n  t h e i r  s o l u b i l i t y  w i l l  be due t o  t h e i r  d i f f e r -  

e n t  a tomic  mass. The s o l u b i l i t y  of  r adon  under t h e s e  c i r c u m s t a n c e s  

is  t h e r e f o r e  l i k e l y  t o  be of  t h e  same o r d e r  a s  t h a t  of  a r g o n  and 

we may e x p e c t  p r 8 c t i c a l l y  a l l  r adon  i n  t h e  magma t o  be g i v e n  o f f  

i n t o  b u b b l e s  and l i b e r a t e d .  

Other  v o l a t i l e  components.  

The s o l u b i l i t y  o f  o t h e r  v o l a t i l e  components i n  magma i s  

l e s s  known. T h e i r  l i b e r a t i o n  w i l l  g r e a t l y  depend on t h e i r  d e g r e e  

o f  s a t u r a t i o n  i n  t h e  magma. The s o l u b i l i t y  o f  t h o s e  components ,  

which a p p r o x i m a t e l y  obey t h e  Henry ' s  law,  w i l l  d e c r e a s e  a p p r o x i -  

ma te ly  l i n e a r l y  w i t h  d e c r e a s i n g  p r e s s u r e .  I f  some o f  t h e s e  com- 

p o n e n t s  a r e  i n  s a t u r a t e d  s o l u t i o n  i n  t h e  magma a t  p r e s s u r e s  h i g h e r  

t h a n  1 0  b a r s ,  t h e y  w i l l  be  l i b e r a t e d  i n t o  b u b b l e s  t o  more t h a n  90% 

and t h u s  t h e i r  p r o p o r t i o n s  i n  t h e  sampled g a s  w i l l  be  a p p r o x i m a t e l y  

t h e  same a s  i n i t i a l l y  i n  t h e  magma. 

I f  t h e  s o l u b i l i t y  o f  t h e  components is p r o p o r t i o n a l  t o  t h e  

s q u a r e  r o o t  o f  t h e  p r e s s u r e  a s  f o r  w a t e r ,  s a t u r a t i o n  a t  100  b a r s  

p r e s s u r e  is n e c e s s a r y  f o r  a t t a i n i n g  90% l i b e r a t i o n .  

Other  components ,  which a r e  s o  r a r e  i n  t h e  magma t h a t  t h e y  

never  r e a c h  s a t u r a t e d  s o l u t i o n ,  i n  s p i t e  of  t h e  g r e a t l y  r educed  

s o l u b i l i t y  a t  lower  p r e s s u r e ,  w i l l  n o t  be l i b e r a t e d  i n  t h e  same 

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



B a s a l t i c  magma is b e l i e v e d  t o  come f rom magma chambers  

below 3 0  km d e p t h  o r  p r e s s u r e s  above  8000 b a r s .  Gas components ,  

which  obey  t h e  s q u a r e  r o o t  l aw a s  w a t e r  and  do  n o t  r e a c h  s a t u r a t e d  

s o l u t i o n  o n  t h e i r  a s c e n t  w i t h  t h e  magma, w i l l  have  had a  c o n c e n t r a -  

t i o n  i n  t h e  magma chamber which  was l e s s  t h a n  1 /90  o f  t h e  s a t u r a t i o n  

v a l u e  a t  t h e s e  d e p t h s .  Components o b e y i n g  t h e  H e n r y ' s  law w i l l  have 

had a  c o n c e n t r a t i o n  l e s s  t h a n  1/8000 o f  t h e  s a t u r a t i o n  v a l u e .  

Ev idence  is l a c k i n g  f o r  e s t i m a t i n g , , i f  t h e s e  low c o n c e n t r a t i o n s  

a r e  r e a l i s t i c .  

Water c o n t e n t  o f  t h e  magma. 

A f t e r  t h e s e  c o n s i d e r a t i o n s  o f  t h e  l i b e r a t i o n  o f  g a s  f rom 

magma, w e  may now p r o c e e d  i n  o u r  a t t e m p t  t o  e s t i m a t e  t h e  w a t e r  

c o n t e n t  o f  t h e  magma w i t h  t h e  a i d  o f  r a d o n .  I n  t h e  magmatic g a s  

a t  S u r t s e y  e a c h  l i t e r  o f  v o l a t i l e  g a s e s  was accompanied  by a b o u t  

5  g  of  w a t e r  ( S i g v a l d a s o n  and  E l i s s o n  ( 4 ) )  and  c a r r i e d  a  r a d o n  

a c t i v i t y  o f  125  PC. T h i s  r a d o n  a c t i v i t y  i s  e q u a l  t o  t h a t  c o n t a i n e d  

i n  625  g  o f  magma, i f  w e  t a k e  a  r ad ium c o n t e n t  o f  0 . 2  10 - l2  g/g 

a s  a  p r o b a b l e  v a l u e  f o r  t h e  r ad ium c o n t e n t  o f  t h e  l a v a  i n  S u r t s e y .  

A s  a l r e a d y  d i s c u s s e d  above  p r a c t i c a l l y  a l l  r a d o n  w i l l  b e  

l i b e r a t e d  from t h e  magma. R e g a r d i n g  t h e  r a p i d  a s c e n t  o f  magma and  

t h e  g r e a t  f o r c e  o f  t h e  e s c a p i n g  g a s e s ,  w e  may assume t h a t  t h e  g a s  

is sampled  a  r e l a t i v e l y  s h o r t  t i m e  a f t e r  i ts  l i b e r a t i o n  f rom t h e  

magma and  t h e r e f o r e  t h e  d e c a y  o f  r a d o n  a f t e r  l i b e r a t i o n  is neg-  

l i g i b l e .  (Radon d e c a y s  w i t h  a n  h a l f  l i f e  o f  3 . 8  d a y s ) .  Thus  w e  

come t o  t h e  c o n c l u s i o n  t h a t  625  g  o f  magma have  l i b e r a t e d  125  pC 

o f  r a d o n .  A s  r a d o n  a n d  w a t e r  vapor  a r e  e q u a l l y  d i s t r i b u t e d  i n  t h e  

g a s ,  t h e  5  g  o f  w a t e r  w h i c h  accompanied 125  pC o f  r a d o n  must  a l s o  

have  been  l i b e r a t e d  f rom 625  g  of  magma. The magma h a s  t h e n  g i v e n  

o f f  0 . 8  w t  % o f  w a t e r .  The s o l u b i l i t y  o f  w a t e r  i n  t h e  b a s a l t i c  

magma a t  1 1 0 0 ~ ~  and  1 b a r  p r e s s u r e  was above  e ' s t ima ted  t o  b e  0 . 1  w t  

%. If t h i s  amount is  added  t o  t h a t  l i b e r a t e d ,  w e  o b t a i n  a  w a t e r  

c o n t e n t  o f  a b o u t  0 . 9  w t  % i n  t h e  magma. 



I t  must b e  emphas ized  t h a t  t h i s  r e s u l t  i s  s t i l l  u n c e r t a i n .  

The r ad ium c o n t e n t  u sed  i n  t h e  c a l c u l a t i o n s  above  was a n  a v e r a g e  

v a l u e  f o r  a l k a l i - o l i v i n e  b a s a l t s  and  n o t  t h e  a c t u a l  r ad ium c o n t e n t  

o f  t h e . S u r t s e y - l a v a ,  wh ich  is  n o t  known a t  p r e s e n t .  The method is  

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

magma a t  1 1 0 0 ~ ~  and  1 b a r s  p r e s s u r e .  A d i r e c t  measurement  o f  t h e  

s o l u b i l i t i e s  would g i v e  a  s o u n d e r  b a s i s .  

N e v e r t h e l e s s ,  t h e  r a d o n  method seems t o  b e  o f  v a l u e  f o r  

e s t i m a t i n g  t h e  w a t e r  c o n t e n t  o f  magma i n  f u t u r e  e r u p t i o n s .  

Comparison w i t h  e a r l i e r  o b s e r v a t i o n s .  

I t  would b e  i n t e r e s t i n g  t o  compare t h i s  r e s u l t  t o  t h e  f i n d i n g s  

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

e r u p t e d  magma seem t o  be s c a r c e .  

MacDonald, ( 1 7 )  h a s  e s t i m a t e d  t h e  c o n t e n t  o f  g a s  i n  t h e  

magma e r u p t e d  i n  t h e  Mauna Loa summit e r u p t i o n  o f  1940 .  The t o t a l  

v o l a t i l e  c o n t e n t  was found  t o  b e  a p p r o x i m a t e l y  1 w t  % of  t h e  l a v a  

e x t r u d e d  d u r i n g  t h e  f i r s t  few h o u r s  o f  t h e  e r u p t i o n  and  0 . 5  w t  % 
o f  t h e  l a v a  b e i n g  e x t r u d e d  a  week l a t e r .  The r e s u l t  was b a s e d  o n  

e s t i m a t e s  o f  t h e  amount o f  e r u p t e d  magma and  t h e  amount o f  g a s  

b e i n g  l i b e r a t e d .  A c c o r d i n g  t o  MacDonald ( 1 7 )  i t  is p r o b a b l e  t h a t  

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

was l e s s  t h a n  1 w t  %. 

E i n a r s s o n  ( 1 8 )  i n v e s t i g a t e d  t h e  p h y s i c a l  and  c h e m i c a l  

p r o p e r t i e s  o f  t h e  l a v a  e r u p t e d  by t h e  v o l c a n o  Hekla i n  1947-48. 

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

i n  t h e  c r a t e r  i n  a  spongy s t a t e  h a v i n g  a  s p e c i f i c  w e i g h t  o f  0 . 6  - 
0 . 8  and  s t i l l  r e t a i n i n g  p r a c t i c a l l y  a l l  i t s  g a s  c o n t e n t .  The w a t e r  

c o n t a i n e d  i n  t h e  v e s i c l e s  was less  t h a n  0 . 0 3  w t  % o f  t h e  l a v a  and  

a n a l y s e s  o f  t h e  l a v a  wh ich  gave  0 . 3 5  w t  % w a t e r  on  t h e  a v e r a g e  

t h e r e f o r e  showed p r a c t i c a l l y  t h e  whole  p r i m a r y  w a t e r  c o n t e n t  o f  

t h e  magma a t  g r e a t  d e p t h s .  Bombs and  pumice th rown o u t  a t  t h e  

b e g i n n i n g  o f  t h e  e r u p t i o n  had p r a c t i c a l l y  t h e  same s p e c i f i c  w e i g h t  



and  t h e  same w a t e r  c o n t e n t  a s  t h e  t r a n q u i l l y  f l o w i n g  l a v a .  

E i n a r s s o n  ( 1 8 )  h a s  i n v e s t i g a t e d  s c o r i a e  a t  many v o l c a n i c  

c e n t e r s  i n  I c e l a n d  and  found them t o  be  o f  t h e  spongy t y p e  a n d  

s i m i l a r  i n  d e n s i t y  t o  t h e  Hekla m a t e r i a l .  I n  h i s  o p i n i o n  t h i s  i n d i -  

c a t e s  t h a t  a s  a  r u l e  t h e  l a v a  became o v e r s a t u r a t e d  w i t h  g a s e s  

( w a t e r )  o n l y  j u s t  b e f o r e  it r e a c h e d  t h e  s u r f a c e ,  and  t h a t  t h e r e f o r e  

t h e  w a t e r  c o n t e n t  o f  magma is  a s  a  r u l e  q u i t e  i n s i g n i f i c a n t ,  0 . 5  

w t  % o r  l e s s .  

Fr iedman (19)  h a s  measured  t h e  w a t e r  c o n t e n t  o f  a  s e r i e s  

o f  b a s a l t i c  pumice and  l a v a  s a m p l e s  c o l l e c t e d  d u r i n g  t h e  1959- 

1960  summit a n d  f l a n k  e r u p t i o n s  o f  K i l a u e a  v o l c a n o ,  Hawaii .  Samples  

o f  f i n e l y  v e s i c u l a r  pumices  o f  d e n s i t y - 0 . 3  g /cc  f rom t h e  summit 

e r u p t i o n  o f  K i l a u e a  I k i  were  found  t o  c o n t a i n  0 . 0 6 4  t o  0 .099% H z 0  

by w e i g h t ,  b u t  s i m i l a r  s a m p l e s  f rom t h e  Kapoho f l a n k  e r u p t i o n  had 

w a t e r  c o n t e n t s  o f  0 . 0 8 6  t o  0 . 1 0 4  w t  % H20. 

F r i edman  ( 1 9 )  b e l i e v e s  t h a t  t h e  w a t e r  e x t r a c t e d  f rom t h e  

f i n e l y  v e s i c u l a r  g l a s s y  pumices  r e p r e s e n t s  t h e  w a t e r  p r e s e n t  i n  

t h e  magma j u s t  p r i o r  t o  e r u p t i o n .  E r r o r s  due  t o  u p t a k e  o f  a d d i t i o n a l  

w a t e r  f rom t h e  s u r r o u n d i n g s  were minimized  by ( 1 )  a  s k i n  o f  non- 

v e s i c u l a r  l a v a  o n  t h e  s u r f a c e  o f  t h e  pumice lumps ,  ( 2 )  r a p i d  

c o l l e c t i o n  o f  t h e  m a t e r i a l  s h o r t l y  a f t e r  e r u p t i o n ,  and  ( 3 )  t h e  

s e l e c t i o n  o f  l a r g e  p i e c e s  o f  pumice f o r  a n a l y s i s .  

Samples  o f  c o a r s e l y  v e s i c u l a r  pumice and  l a v a s  and  a l s o  

c r y s t a l l i z e d  l a v a s  were a l s o  a n a l y z e d ;  however ,  t h e  r e s u l t s  

o b t a i n e d  ( o n  t h e s e  s a m p l e s )  v a r i e d  w i d e l y  f rom r e p l i c a t e  t o  

r e p l i c a t e .  

A c c o r d i n g  t o  Friedman 0 9 )  i t  is  e b i d e n t  t h a t  d u r i n g  t h e  

e r u p t i o n  o f  t h e s e  m a t e r i a l s ,  w a t e r  was l o s t  f rom t h e  l a r g e  open  

v e s i c l e s .  I n  a d d i t i o n  v a r y i n g  amounts  o f  w a t e r  were  l o s t  d u r i n g  

t h e  p a r t i a l  o r  t o t a l  c r y s t a l l i z a t i o n  of  t h e  l a v a  d u r i n g  c o o l i n g .  

I t  is i n t e r e s t i n g  t o  n o t e  t h a t  t h e  w a t e r  c o n t e n t  o f  t h e  

Hawai ian  pumices  found  by Fr iedman . ( l 9 )  is v e r y  s i m i l a r  t o  t h e  



s a t u r a t i o n  v a l u e  o f  0 . 1  w t  %, which we found by e x t r a p o l a t i n g  t h e  

d a t a  o f  Hamilton e t  a l .  (14)  down t o  1 bar  p r e s s u r e .  On t h e  o t h e r  

hand E i n a r s s o n  (18)  found a  wa te r  c o n t e n t  of 0 . 3 5  w t  % i n  t h e  Hekla 

l a v a .  S i m i l a r  r e s u l t s  have been o b t a i n e d  by T o l s t i k h i n  (20)  f o r  t h e  

wa te r  c o n t e n t  o f  t h e  Q u a r t e r n a r y  e f f u s i v e s  of Kamchatka and t h e  

K u r i l e  I s l a n d s ,  e s t i m a t e d  from 265 r o c k  a n a l y s e s .  The a v e r a g e  wa te r  

c o n t e n t  i n  b a s i c  and i n t e r m e d i a t e  r o c k s  was found t o  be 0 . 4 0  w t  %, 
r a n g i n g  from 0 . 1  w t  % t o  3 w t  %. 



TABLE I 

Radon a c t i v i t y  i n  magmatic gas  a t  Sur t sey  

A c t i v i t y  of 
radon i n  l i t e r  
of magmatic gas  
( c o r r e c t e d  for 
atm. c o n t . )  

P C / ~  

40-160 

136 + 5% - 
119 + 5% - 
120 + 5% - 

Atmospheric 
contaminat ion 
of sample 

9 0% 

90-95% 

n i l .  

n i l .  

n i l .  

Sample of g a s  

25.  Nov. 1964 

Sample 1 

18 .  Jan.  1965 

Sample 2 

Sample 3 

21.  Feb. 1965 

Sample 5 

Sample 7 

Sample 8 

Volume of 
sample 

m l  

250 

250 

250 

189 

2 08 

2 06 

A c t i v i t y  of  
radon i n  
l i t e r  of 
sample 

P C / ~  

12 + 25% - 

6 + 40% - 
n i l .  

136 + 5% - 
119 + 5% - 
120 + 5% - 
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