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I n  t h e  summer o f  1966 t h e  A i r  Force Cambridge Research Labora- 

t o r i e s ,  i n  coopera t ion  w i t h  t h e  U.S. Geological  Survey,  t h e  I n f r a r e d  

Phys ics  Laboratory  of  t h e  Un ive r s i t y  of  Michigan, and t h e  I c e l a n d i c  

S t a t e  E l e c t r i c i t y  Au tho r i t y ,  undertook i n f r a r e d  imagery su rveys  o f  

s e l e c t e d  s i t e s  i n  Ice land .  

The purpose  of t h e  su rveys  was t o  s tudy  t h e  d i s t r i b u t i o n ,  

c o n f i g u r a t i o n  and i n t e n s i t y  o f  the rmal  anomalies r e l a t e d  t o  s t r u c -  

t u r e  and volcanism i n  t h e  median vo l can i c  zone o f  I ce l and  t o  de- 

termine whether p r ev ious ly  unrecognized thermal  p a t t e r n s  e x i s t .  

The median v o l c a n i c  zone is a  t e c t o n i c  r i f t  system con t inu ing  t h e  

Mid-Atlantic r i d g e  s t r u c t u r e  a c r o s s  t h e  ase i smic  Thulean r i d g e .  

Large-scale  thermal  a c t i v i t y  i n  t h e  median zone seems t o  be r e l a t e d  

t o  p o s t g l a c i a l  and very r e c e n t  c r u s t a l  movement expressed by open 

f i s s u r e s ,  r i f t  f a u l t  s c r a p s  and subs ided  graben s t r i p s  of  many 

mete rs  v e r t i c a l  d i sp lacement ,  en  echelon f a u l t s ,  s e i smic  a c t i v i t y  - 
and volcanism. I t  has  been e s t i m a t e d  t h a t  s i n c e  1500 A.D. one- th i rd  

o f  t h e  t o t a l  t e r r e s t r i a l  ou tpu t  o f  l a v a  has  been from t h e  vo lcanoes  

of  t h i s  zone. (1)  

The a i r b o r n e  thermal  i n f r a r e d  scanner  used i n  t h e  i n f r a r e d  

su rveys  was des igned and c o n s t r u c t e d  by t h e  Un ive r s i t y  o f  Michigan 

a s  a  r e s e a r c h  i n s t rumen t .  A s  used i n  I ce l and ,  t h e  system i s  

X' Th i s  r e p o r t  forms a  p a r t  o f  a  paper p resen ted  a t  t h e  48 th  
annual  meet ing of  t h e  American Geophysical Union i n  
Washington D. C .  i n  Apr i l  1967. 



s e n s i t i v e  t o  r a d i a t i o n  i n  t h e  1 t o  5 . 5 ~  wavelength r e g i o n  and cou ld  

be f i l t e r e d  t o  t h e  4 .5  - 5 . 5 , ~  band t o  t a k e  advantage of t h e  atmos- 

p h e r i c  t r a n s m i s s i o n  window between 4.5 and 5 . O P ,  whi le  avo id ing  

r e f l e c t e d  s o l a r  r a d i a t i o n  a t  s h o r t e r  wavelengths .  The indium a n t i -  

monide d e t e c t o r  t r a n s d u c e s  t h e  i n f r a r e d  r a d i a t i o n  emi t ted  from t h e  

e a r t h ' s  s u r f  ace i n t o  wideband e l e c t r i c a l  s i g n a l s  which, t o g e t h e r  w i th  

s t a b i l i z e d  synch ron iza t i on  p u l s e s ,  p rov ide  t h e  i n p u t  t o  an image 

r e c o r d e r .  The v ideo  s i g n a l s  a r e  d i sp l ayed  on an in tens i ty -modula ted  

cathode r ay  tube and recorded on f i l m  which p a s s e s  i n  f r o n t  o f  t h e  

tube a t  a  r a t e  p r o p o r t i o n a l  t o  t h e  apparent  ground speed o f  t h e  a i r -  

c r a f t .  The i n f r a r e d  scanner  was mounted i n  an A i r  Force C-130 a i r -  

c r a f t  e s p e c i a l l y  equipped f o r  a r c t i c  c o n d i t i o n s .  A p o r t a b l e  f i x e d -  

f i e l d  i n f r a r e d  r ad iome te r  and d i g i t a l  readout  mul t ip robe  t h e r m i s t o r  

system were used f o r  measuring changes i n  s u r f a c e  t empera ture  on 

t h e  ground s imul taneous ly  G i t h  o v e r f l i g h t s  a t  s e v e r a l  of t h e  s i t e s .  

The s i t e s  surveyed were s e l e c t e d  by t h e  U.S. Geolog ica l  Survey 

and t h e  Department of  Na tu ra l  Heat of  t h e  I c e l a n d i c  S t a t e  E l e c t r i c i t y  

Author i ty  j o i n t l y ,  and inc luded  Sur t sey  I s l a n d ,  Reykjanes,  Kr i suv ik ,  

Heng i l l ,  K v e r k f j o l l ,  MPvatn and Askja thermal  f i e l d s  and E y j a f j o r d u r .  

On August 1 9 t h ,  a t  S u r t s e y ,  t h e  No. 1 s i t e ,  t h e  o l d e r  S u r t u r  

c r a t e r ,  began an e f f u s i v e  f i s s u r e  e r u p t i o n  a f t e r  more than  2  1/2 

y e a r s  o f  i n a c t i v i t y ,  a long  a  f i s s u r e  forming an en echelon p a t t e r n  - 
w i t h  t h e  f a u l t  sys tem c o n t r o l l i n g  e a r l i e r  phases  o f  S u r t s e y ' s  3-year 

e r u p t i v e  c y c l e .  Three  a l i gned  c r a t e r s  were s imul taneous ly  a c t i v e ,  

t h e  nor thernmost  c r a t e r  deve lop ing  a  l a v a  f o u n t a i n  and o t h e r  symptoms 

o f  t h e  onse t  of Hawaiian phase a c t i v i t y  on t h e  morning of August 20 th .  

Highly f l u i d  o l i v i n e  b a s a l t  l a v a  a t  1 1 3 0 ~ ~  (2)  was extruded a t  a  
3  r a t e  o f  4M / s e c  up t o  t h a t  t ime and t h e  l ava  flow reached t h e  s e a  

a t  6 : 4 0  P.M. t h a t  same day.  T h e r e a f t e r ,  t h e  e r u p t i o n  i nc rea sed  i n  
3  i n t e n s i t y ,  y i e l d i n g  5-10M /sec  f o r  s e v e r a l  days ( 3 ) .  

The i n f r a r e d  su rveys  were begun t h e  f i r s t  day o f  t h e  e r u p t i o n  

and were r e p e a t e d  on four  s u c c e s s i v e  n i g h t s  and aga in  l a t e r  on t h e  

27 th .  On August 22nd,  t h e  Nimbus I1 me teo ro log i ca l  s a t e l l i t e ,  wi th  

i ts  High Reso lu t ion  I n f r a r e d  Radiometer system i n  o p e r a t i o n ,  passed 

d i r e c t l y  over  I c e l a n d  a t  an a l t i t u d e  o f  1114 KM, p rov id ing  t h e  f i r s t  



o p p o r t u n i t y  i n  h i s t o r y  f o r  s i m u l t a n e o u s  o b s e r v a t i o n  by s a t e l l i t e  

and a i r b o r n e  i n s t r u m e n t s  o f  i n f r a r e d  e m i s s i o n  from a n  e r u p t i n g  

vo lcano .  T e c h n i c a l  r e p o r t s  on o b s e r v a t i o n s  o f  i n f r a r e d  e m i s s i o n  

from S u r t s e y  a r e  c u r r e n t l y  i n  p r e p a r a t i o n .  

I t  is s u f f i c i e n t  t o  n o t e  h e r e ,  t h a t ,  f i r s t  o f  a l l ,  t h e  newly 

e r u p t e d  l a v a s  o f  S u r t u r  I e m i t t e d  r a d i a t i o n  w i t h  s u c h  i n t e n s i t y  i n  

t h e  4 . 5  t o  5 . 5 y w a v e l e n g t h  r e g i o n  t h a t  t h e  dynamic r a n g e  o f  t h e  

a i r b o r n e  s c a n n e r  was exceeded .  But t h e  imagery r e v e a l s  a  complex 

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

t h e  1964-1965 e f f u s i v e  e r u p t i o n s  o f  S u r t u r  11, a  t y p i c a l  s h i e l d  

v o l c a n o  c r a t e r .  The more i n t e n s e  a n o m a l i e s  a r e  r e l a t e d  t o  g a s  and 

s team e m i s s i o n  f rom s c o r i a c e o u s  m a t e r i a l  o f  t h e  c r a t e r  w a l l s  which 

a r e  warmer t h a n  t h e  c r a t e r  f l o o r .  An e l o n g a t e  anomaly s o u t h  o f  t h e  

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

f lowed i n  A p r i l  and May, 1965,  - t h e  l a s t  l a v a  t o  f low from t h i s  

c r a t e r .  A l i g h t  spade-shaped  a r e a  f a r t h e r  s o u t h  was t h e  l a s t  g r e a t  

s u r f a c e  e x p o s u r e  o f  t h e  l a v a ,  n e a r  t h e  end o f  A p r i l ,  1965 ( 4 ) .  In -  

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

and c o l l a p s e d  l a v a  t u n n e l s  i n  t h i s  a r e a .  P o s t e r u p t i v e  a n o m a l i e s  

were  a l s o  d e t e c t e d  i n  t h e  c r a t e r  and t e c t o n i c  l a g o o n  o f  t h e  t e p h r a  

s a t e l l i t e  v o l c a n o ,  J 6 l n i r .  A few d a y s  a f t e r  t h e  l agoon  a n o m a l i e s  

appea red  a t  J 6 l n i r ,  s u b s i d e n c e  o c c u r r e d  a t  one  end o f  t h e  l a g o o n .  
v7 - ~ neavy s e a s  t h e n  b r e a c h e d  t h e  t e p h r a  r a m p a r t  e n c l o s i n g  t h e  l a g o o n .  

By October  most o f  t h e  i s l a n d  was gone .  

The S u r t s e y  anomaly i n  its e n t i r e t y  appea red  a s  a  m i n u t e  b l a c k  

s p o t  on more t h a n  e i g h t  s e p a r a t e  o r b i t a l  s w a t h s  o f  Nimbus i n f r a r e d  

imagery ,  f i rs t  a p p e a r i n g  o n  August 2 0 t h  and d e f i n i t e l y  i d e n t i f i e d  

a s  l a t e  a s  October  3 r d .  T h a t  we were i n d e e d  d e a l i n g  w i t h  t h e  S u r t s e y  

anomaly was conf i rmed  by t h e  i d e n t i f i c a t i o n  o f  a  s i n g l e  p o s i t i v e  

s p i k e  i n  t h e  c o r r e c t  p o s i t i o n  f o r  S u r t s e y  on s c a n - l i n e  a n a l o g  pro-  

f i l e s  f o r  s e v e r a l  s e p a r a t e  o r b i t s .  

Moreover ,  t h e r e  is r e m a r k a b l e  c o i n c i d e n c e  between ground-  

based  e s t i m a t e s  and Nimbus I1 r e c o r d s  o f  r a d i a n t  e m i s s i o n  from " 

S u r t s e y .  C a l c u l a t i o n  o f  t o t a l  t h e r m a l  e n e r g y  y i e l d  o f  S u r t s e y  

s u g g e s t s  t h a t  abou t  4% o f  t h e  t o t a l  t h e r m a l  y i e l d  o c c u r s  a s  r a d i a n t  



e m i s s i o n  i n  t h e  3 . 2  t o  4 . 2 , ~  wave leng th  i n t e r v a l  

Thus ,  d e t e c t i o n  o f  t h e  S u r t s e y  anomaly o n  Nimbus High Reso- 

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

magni tude  i n v o l v i n g  major  e f f u s i v e  f l o w s  c a n  undoub ted ly  b e  d e t e c t e d  

and mon i to red  from e a r t h  o r  p l a n e t a r y  o r b i t ,  i n  t h i s  c a s e ,  u t i l i z i n g  

t h e  3 . 2  t o  4 . 2 , ~  a t m o s p h e r i c  t r a n s m i s s i o n  window. 

A second r e c e n t l y  a c t i v e  v o l c a n i c  a r e a  n o r t h  o f  t h e  g l a c i e r  

V a t n a j o k u l l  was imaged from h i g h  a i r c r a f t  a l t i t u d e s .  Askj a  c a l d e r a ,  

t h e  l a r g e s t  i n  Europe ,  had a  s i z a b l e  e f f u s i v e  e r u p t i o n  i n  1961.  The 

imagery i n d i c a t e s  c o n t i n u e d  f u m a r o l i c  a c t i v i t y  from t h e  1 9 6 1  v e n t  

a r e a  n o r t h  o f  t h e  c a l d e r a  l a k e  a s  w e l l  a s  a l o n g  t h e  e a s t  s h o r e  o f  

t h e  l a k e .  Thermal  a c t i v i t y  was a l s o  d e t e c t e d  w i t h i n  t h e  l a k e .  The 

f l o w s  o f  1961  a p p e a r  o u t l i n e d  on n i g h t  imagery  b e c a u s e  o f  r e l a t i v e l y  

h i g h  i n f r a r e d  e m i s s i o n  d u r i n g  n i g h t  h o u r s .  A p o s s i b l e  e x p l a n a t i o n  

is  a  low-ampl i tude  d i u r n a l  s u r f a c e - t e m p e r a t u r e  c n r v e  f o r  t h e s e  f lows  

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

Con t inued  c o n v e c t i v e  c o o l i n g  is a  p o s s i b i l i t y  t h a t  must a l s o  be  con- 

s i d e r e d .  

T h i s  y e a r ' s  r e s u l t s  s u g g e s t  t h a t  a  g r e a t  d e a l  more c a n  be  

l e a r n e d  by t h e  u s e  o f  i n f r a r e d  imagery a b o u t  t h e  r e l a t i o n  between 

s t r u c t u r e  and t h e r m a l  a n o m a l i e s  i n  t h e  I c e l a n d  r i f t  zone i n  t h e  n e x t  

few y e a r s , p a r t i c u l a r l y ,  if l a t e r  imagery shows c h a n g e s  i n  t h e  p r e s e n t  

t h e r m a l  p a t t e r n .  
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