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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 .  




