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O b s e r v a t i o n s  d u r i n g  t h e  f i r s t  t e p h r a  phase  of  t h e  S u r t s e y  e r u p t i o n .  

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

phase  of  t h e  S u r t s e y  e r u p t i o n ,  I n v e s t i g a t i o n s  of  t h e  e l e c t r i c  

d i s t u r b a n c e s  were r e p o r t e d  i n  t h e  S u r t s e y  Resea rch  P r o g r e s s  Repor t  I ,  

(1965) .  An a c c o u n t  o f  t h i s  work h a s  now been p u b l i s h e d  by Anderson 

e t ,  a l .  (1965) .  The main r e s u l t  o f  t h e s e  o b s e r v a t i o n s  was t h a t  a  

n e t  p o s i t i v e  c h a r g e  was c a r r i e d  upward from t h e  vo lcano  by t h e  

v o l c a n i c  c l o u d .  The n e t  c o n c e n t r a t i o n  of  cha rge  i n  t h e  e r u p t i o n  

plume near  t h e  c r a t e r  was e s t i m a t e d  t o  be of t h e  o r d e r  of  lo5 o r  
6  1 0  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 .  

Over t h e  c r a t e r  t h e  c l o u d  had no d e t e c t a b l e  d i p o l e  s t r u c t u r e  

b u t  abou t  2 km downwind from t h e  c r a t e r  t h e  e l e c t r i f i e d  c l o u d  was 

found t o  be b i p o l a r .  There  was a  s t r e a m  o f  n e t  p o s i t i v e  c h a r g e  

above one of  n e t  n e g a t i v e  c h a r g e .  

The maximum n e g a t i v e  p o t e n t i a l  g r a d i e n t s  obse rved  under t h e  

plume were a s s o c i a t e d  w i t h  a  l i g h t  f a l l  o f  t e p h r a .  The o b s e r v a t i o n s  

were no t  s u f f i c i e n t  t o  d e t e r m i n e ,  whether  t h i s  a s s o c i a t i o n  was 

merely t h e  r e s u l t  o f  our  b e i n g  d i r e c t l y  under t h e  c l o u d  d i p o l e  from 

which t h e  t e p h r a  was f a l l i n g  o r  whether  t h e  f a l l i n g  t e p h r a  was 

n e g a t i v e l y  c h a r g e d .  

O b s e r v a t i o n s  d u r i n g  t h e  l a v a  phase  of t h e  Surts,ey e r u p t i o n .  

A s ' t h e  a c t i v e  v e n t  was c l o s e d  o f f  from t h e  s e a ,  t h e  e x p l o s i v e  

e r u p t i o n s  and l i g h t n i n g  c e a s e d .  Lava s t r e a m s  f lowed down t o  and 



i n t o  t h e  s e a  and produced dense  w h i t e  c l o u d s  which were found t o  

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

v a r i e d  from + l o6  t o  abou t  + l o8  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 .  

S i m i l a r  c h a r g e  d e n s i t i e s  were o b t a i n e d  by Blanchard  (1964) 

a t  t h e  WHOI, USA 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 .  I n  r e c e n t  i n -  

v e s t i g a t i o n s  he has  found t h a t  rough ly  + lom8 C a r e  r e l e a s e d  t o  

t h e  a i r  p e r  c u b i c  c e n t i m e t e r  o f  s e a  wa te r  s p l a s h e d  on t h e  h o t  

l a v a .  The c h a r g e  c a r r i e r s  a r e  presumed t o  be  t i n y  s e a - s a l t  p a r t i c l e s  

o r  b r i n e  d r o p l e t s  t h a t  a r e  produced i n  p r o d i g i o u s  numbers whenever 

s e a  wa te r  comes i n t o  c o n t a c t  w i t h  ho t  l a v a .  The mechanism o f  c h a r g e  

g e n e r a t i o n  p robab ly  is a  s u r f a c e  e f f e c t .  I f  t h e  c h a r g e  c a r r i e r s  

l e a v e  t h e  h o t  l a v a  a s  d ry  s e a  s a l t  p a r t i c l e s ,  i t  is  p o s s i b l e  t h a t  

t h e  c h a r g e  g e n e r a t i o n  r e s u l t s  from a  s o l i d - s o l i d  c o n t a c t  mechanism. 

A d e t a i l e d  accoun t  of  t h e  f i e l d  o b s e r v a t i o n s  and t h e  l a b o r a -  

t o r y  i n v e s t i g a t i o n s  is g iven  by B j o r n s s o n ,  Blanchard  and Spencer  

(1966) .  

O b s e r v a t i o n s  d u r i n g  t h e  l a t e r  t e p h r a  e r u p t i o n s  a t  S u r t s e y .  

P o t e n t i a l  g r a d i e n t .  

The e l e c t r i c a l  f i e l d  around t h e  e r u p t i o n  plume of t h e  

v o l c a n i c  i s l a n d  v v S y r t l i n g u r "  was found t o  b e  s i m i l a r  t o  t h a t  of  

S u r t s e y .  The v o l c a n i c  c loud  c a r r i e d  a  n e t  p o s i t i v e  c h a r g e .  Under 

t h e  plume t h e r e  was a  d imin i shed  p o s i t i v e  p o t e n t i a l  g r a d i e n t  

b u t  no r e v e r s a l  of t h e  f i e l d ,  a s  was t h e  c a s e  under t h e  e r u p t i o n  

plume of  S u r t s e y .  L i g h t n i n g  were o f t e n  s e e n  i n  t h e  e r u p t i o n  

column b u t  t h e  e l e c t r i c  a c t i v i t y  was much l e s s  t h a n  i n  t h e  f i r s t  

t e p h r a  phase  o f  t h e  e r u p t i o n  o f  S u r t s e y .  

On J u l y  2 4 ,  1965,  M r .  Va lga rdur  S te f i insson ,  S t a t e  E lec -  

t r i c i t y  A u t h o r i t y ,  s a i l e d  on a  r u b b e r  boa t  under  t h e  e r u p t i o n  

c l o u d  of ' * S y r t l i n g u r t P  equipped w i t h  a n  e l e c t r o m e t e r  and a  r a d i o -  

a c t i v e  probe  f o r  p o t e n t i a l  g r a d i e n t  measurements.  About 800 m 



d i s t a n t  from t h e  c r a t e r  he found a  p o s i t i v e  f i e l d  under  t h e  plume 

b u t  e a c h  t i m e  a  shower of wet t e p h r a  approached t h e  b o a t  from 

above t h e  f i e l d  d e c r e a s e d  and remained low u n t i l  t h e  f a l l  of 

t e p h r a  c e a s e d .  On one o c c a s i o n  t h e  f a l l  o f  d r y  t e p h r a  a t  a b o u t  

1600 m d i s t a n c e  from t h e  c r a t e r  was a s s o c i a t e d  w i t h  a n  i n c r e a s e  

i n  t h e  p o s i t i v e  p o t e n t i a l  g r a d i e n t .  

The c h a r g e  on t h e  t e p h r a .  

F i r s t  a t t e m p t s  t o  measure t h e  c h a r g e  on t h e  t e p h r a  f a l l i n g  

from t h e  e r u p t i o n  c l o u d  were u n d e r t a k e n  by t h e  a u t h o r  on 8 March 

1966 a t  t h e  c r a t e r  " L i t l i  S u r t u r P P  i n  t h e  s e a  a b o u t  800 m s o u t h -  

west  of  t h e  i s l a n d  S u r t s e y .  The a c t i v e  v e n t  was c o n t i n u o u s l y  

e j e c t i n g  s t eam and t e p h r a  up t o  a b o u t  300 m h e i g h t  and had b u i l t  

a  s m a l l  i s l a n d  r e a c h i n g  o n l y  s e v e r a l  m e t e r s  above t h e  ocean 

s u r f a c e .  S t r o n g  wind from n o r t h  blew t h e  v o l c a n i c  c loud  o u t  t o  

t h e  s e a .  

The e l e c t r i c  o b s e r v a t i o n s  were made on a  s h i p ,  which s a i l e d  

s e v e r a l  t i m e s  under  t h e  e r u p t i o n  c l o u d  a b o u t  150 t o  200 m down- 

wind from t h e  c r a t e r .  The s h i p  was equipped w i t h  a n  e l e c t r o m e t e r  

and a  r a d i o a c t i v e  p robe  f o r  p o t e n t i a l  g r a d i e n t  measurements ,  a  

s h i e l d e d  c a t c h e r  ( s i m i l a r  t o  t h a t  by S c r a s e  (1938)) f o r  measur ing  

t h e  c h a r g e  c a r r i e d  by f a l l i n g  t e p h r a  and a  Faraday-cage f o r  s p a c e  

c h a r g e  measurements .  

The p o t e n t i a l  g r a d i e n t  upwind and on b o t h  s i d e s  o f  t h e  

plume a t  a  d i s t a n c e  o f  abou t  200 m from t h e  c r a t e r  was p o s i t i v e  

and g r e a t e r  t h a n  1000 v/m o r  more t h a n  e i g h t  t i m e s  t h e  normal 

f a i r  wea the r  g r a d i e n t .  Accura te  measurements o f  t h e  g r a d i e n t  

were n o t  p o s s i b l e  because  o f  i n a d e q u a t e  probe  exposure .  T h i s  

t ime  no r e a d i n g s  of  t h e  g r a d i e n t  were t a k e n  under t h e  plume. 

" The s h i p  s a i l e d  under t h e  plume o n l y  150-200 m downwind 

from t h e  c r a t e r .  Tephra was b e i n g  e r u p t e d  up t o  a n  h e i g h t  of  



abou t  300 m and f e l l  on t h e  s h i p  a b o u t  one minute  a f t e r  i t s  

e j e c t i o n  from t h e  c r a t e r .  The t e p h r a  f a l l i n g  i n t o  t h e  s h i e l d e d  

c a t c h e r  c a r r i e d  a  s t r o n g  n e g a t i v e  c h a r g e .  

Approximately - 3 l om9 C were c a r r i e d  by a  sample of  

1 5 , 5  g  o f  d r y  t e p h r a .  The sample c o n s i s t e d  mainly  o f  porous  

g r a i n s .  About 45 weight  % o f  t h e  g r a i n s  were g r e a t e r  t h a n  1 mm 

i n  d i a m e t e r ,  Maximum d iamete r  was 5  mm.  The Faraday cage  had a  

s e n s i t i v i t y  e q u i v a l e n t  t o  a  s p a c e  c h a r g e  o f  l o 4  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 ,  b u t  no c h a r g e  was i n d i c a t e d  d u r i n g  t h e  

voyage,  During t e p h r a  f a l l  most of  t h e  t e p h r a  d i d  n o t  e n t e r  t h e  

c a g e  b u t  was h e l d  by t h e  grounded 1 mm mesh w a l l s  of  t h e  c a g e .  

D i s c u s s i o n .  

I t  is h i g h l y  p r o b a b l e  t h a t  t h e  p o s i t i v e  c h a r g e  a r i s i n g  

from t h e  zone ,  where l a v a  f lowed i n t o  t h e  s e a ,  is  g e n e r a t e d  by 

t h e  same mechanism a s  t h a t  found by Blanchard  ( 1 9 6 4 ) ,  when s e a  

wa te r  is s p l a s h e d  on ho t  l a v a .  

I n  t h e  t e p h r a  e r u p t i o n s  t h e  s i t u a t i o n  is  more c o m p l i c a t e d .  

P o s i t i v e  c h a r g e  was found t o  dominate i n  t h e  v o l c a n i c  c l o u d  over  

t h e  c r a t e r  and i n  t h e  upper p a r t  o f  t h e  downwind plume. T h i s  

c h a r g e  was e i t h e r  e j e c t e d  from t h e  c r a t e r  o r  r a p i d l y  g e n e r a t e d  

i n  t h e  e r u p t i o n  column j u s t  above t h e  c r a t e r  d u r i n g  v i g o r o u s  

e r u p t i o n s  of t e p h r a  and s team (Anderson e t  a l .  ( 1 9 6 5 ) ) .  

Nega t ive  c h a r g e  was found on t h e  t e p h r a  f a l l i n g  i n  t h e  

v i c i n i t y  of  t h e  c r a t e r .  One might  s u g g e s t  t h a t  t h e  t e p h r a  p a r t -  

i c l e s  have s e l e c t i v e l y  a c q u i r e d  n e g a t i v e  c h a r g e  by c o l l i s i o n  w i t h  

n e g a t i v e  i o n s  f l o w i n g  i n t o  t h e  a tmosphere  by p o i n t  d i s c h a r g e  from 

t h e  s e a  o r  t h e  s h i p .  But t h e  f a c t s  t h a t  t h e  Faraday cage  d i d  n o t  

d e t e c t  any s p a c e  c h a r g e  on t h e  voyage and t h a t  t h e  t e p h r a  was 

sampled w i t h i n  a  minu te  a f t e r  i t s  e j e c t i o n  from t h e  c r a t e r  make 

t h i s  s u g g e s t i o n  r a t h e r  improbable .  



A more l i k e l y  s u g g e s t i o n  would be t h a t  n e g a t i v e  cha rge  i s  

gene ra t ed  by t h e  same p r o c e s s  a s  t h e  p o s i t i v e  cha rge  by a  cha rge  

s e p a r a t i o n  mechanism working i n  t h e  c r a t e r  o r  t h e  e r u p t i o n  column 

c l o s e  t o  t h e  c r a t e r .  

A s  i t  a p p e a r s  p robab l e  t h a t  t h e  c o n t a c t  o f  s ea  wa te r  w i t h  

magma was t h e  c a u s e  o f  t h e  e x p l o s i v e  e r u p t i o n s  a t  S u r t s e y ,  w e  

might sugges t  t h a t  t h i s  ha s  a l s o  been t h e  c a u s e  of  t h e  cha rge  

g e n e r a t i o n .  We know from B lancha rd ' s  l a b o r a t o r y  i n v e s t i g a t i o n s  

and t h e  f i e l d  o b s e r v a t i o n s  d u r i n g  t h e  l a v a  phase  o f  t h e  S u r t s e y  

e r u p t i o n  t h a t  p o s i t i v e  cha rge  is gene ra t ed  when s e a  wa te r  is 

s p l a s h e d  on mol ten  l a v a .  

S i m i l a r  cha rge  s e p a r a t i o n  w i l l  o c c u r ,  i f  d rops  of  s e a  wa te r  

o r  condensing vapor  c o n t a c t  t h e  glowing t e p h r a  p a r t i c l e s  i n  t h e  

e r u p t i o n  column. The d rops  w i l l  be s p l a s h e d  i n t o  t i n y  d r o p l e t s  o r  

s a l t  p a r t i c l e s ,  which a r e  p o s i t i v e l y  cha rged ,  b u t  t h e  t e p h r a  

p a r t i c l e s  w i l l  be  l e f t  n e g a t i v e  i n  t h e  a i r .  Most o f  t h e  t e p h r a  

f a l l s  from t h e  c loud  i n  t h e  v i c i n i t y  of  t h e  c r a t e r  and b r i n g s  

t h e  n e g a t i v e  c h a r g e  t o  t h e  e a r t h  bu t  t h e  p o s i t i v e  d r o p l e t s  o r  

s a l t  p a r t i c l e s  a r e  c a r r i e d  upwards i n t o  t h e  v o l c a n i c  c l oud .  

The same a p p l i e s  i f  t h e  c r a t e r  i s  f l ooded  by sea  wa te r  

which c o n t a c t s  mol ten  l a v a .  P o s i t i v e  cha rge  w i l l  be  e j e c t e d  on 

d r o p l e t s  o r  s a l t  p a r t i c l e s .  The l a v a  may s t a y  i n  c o n t a c t  w i t h  t h e  

ground o r  be e j e c t e d  a s  n e g a t i v e l y  charged t e p h r a  p a r t i c l e s ,  which 

f o r  t h e  most p a r t  f a l l  back on t h e  w a l l s  o f  t h e  c r a t e r .  

A f t e r  t h e s e  c o n s i d e r a t i o n s  we may conc lude  t h a t  a l l  e l e c t r i c  

phenomena observed a t  S u r t s e y  can be e x p l a i n e d  a s  t h e  r e s u l t  o f  

t h e  cha rge  s e p a r a t i o n ,  which o c c u r s  when s e a  wa t e r  is s p l a s h e d  on 

mol ten  l a v a .  T h i s  c o n c l u s i o n  does  however n o t  exc lude  t h a t  o t h e r  

mechanisms o f  cha rge  g e n e r a t i o n  may a l s o  have p layed  a  r o l e .  

S u b g l a c i a l  e r u p t i o n s .  

Blanchard  ha s  r e c e n t l y  t e s t e d  t h e  cha rge  g e n e r a t i o n  w i t h  

wa te r  from two r i v e r s  which d r a i n  t h e  g l a c i e r s  t h a t  cover  t h e  



I c e l a n d i c  vo lcanoes  K a t l a  and Grimsvotn. A p o s i t i v e  c h a r g e  was 

r e l e a s e d  t o  t h e  a i r ,  when t h i s  wa te r  was s p l a s h e d  on h o t  l a v a .  

I f  t h i s  wa te r  is s i m i l a r  t o  t h a t  which t a k e s  p a r t  i n  t h e  sub- 

g l a c i a l ,  p h r e a t i c  e r u p t i o n s  a t  K a t l a  and Grimsvotn t h e n  it is 

p o s s i b l e  t h a t  g l a c i a l  m e l t  wa te r  p l a y s  a  major r o l e  i n  t h e  

g e n e r a t i o n  o f  t h e  i n t e n s e  e l e c t r i c a l  a c t i v i t y  t h a t  has  been 

obse rved  i n  t h e s e  e r u p t i o n s .  F u r t h e r ,  a  n e t  p o s i t i v e  c h a r g e  shou ld  

be  c a r r i e d  by t h e  e r u p t i o n  c l o u d s .  
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