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E a r t h  Tremors from t h e  S u r t s e y  E r u p t i o n  1963-1965 

A P r e l i m i n a r y  Survey 

by 
Hlynur S i g t r y g g s s o n  and E i r i k u r  S i g u r d s s o n  

The I c e l a n d i c  M e t e o r o l o g i c a l  S e r v i c e  

Four s e i s m o l o g i c a l  s t a t i o n s  were i n  o p e r a t i o n  i n  I c e l a n d  when 

t h e  S u r t s e y  e r u p t i o n  began.  They a r e  l i s t e d  below, t o g e t h e r  w i t h  

t h e i r  c o o r d i n a t e s  and d i s t a n c e  from S u r t s e y  . 

S t a t i o n  L a t ,  N Long W D i s t a n c e  from S u r t s e y  

Akureyr i 65O40' 18O06' 2 9 1  km 

Ki rk jubae ja rk laus tu r  63  47 1 8  03 137 " 
Reykjavik  6 4  08 2 1  5 4  117  " 
Vik i Mfrdal  63  25  1 9  0 1  8 0  

The se ismograph a t  Akureyr i  was a  Mainka i n s t r u m e n t ,  w i t h  a  

m a g n i f i c a t i o n  of  a b o u t  1 0 0 ,  measur ing  N-S ground mot ion .  No t r e m o r s  

were obse rved  t h e r e  from S u r t s e y  due t o  d i s t a n c e  and low magni- 

f  i c a t i o n  o f  t h e  i n s t r u m e n t .  

The se ismograph a t  Ki rk jubae ja rk laus tu r  is a  v e r t i c a l  Willmore 

i n s t r u m e n t .  The maximum m a g n i f i c a t i o n  used was a b o u t  10000,  f o r  a  

ground p e r i o d  o f  0 . 1  t o  0 . 7  s e c o n d s ,  

A t  Reykjavik  t h r e e  se i smographs  were o p e r a t e d ,  one Sprengne the r  

E-W, and two v e r t i c a l  component se i smographs .  One of  them was a  

Sprengne the r  s h o r t  p e r i o d  se ismograph.  The t h i r d  se ismograph was 

a  Wil lmore,  which was connec ted  t o  a  ga lvanometer  of  1 . 4  sec. 

p e r i o d .  S i n c e  t h i s  ga lvanometer  is n o t  des igned  f o r  u s e  w i t h  t h e  

se i smograph ,  t h e  m a g n i f i c a t i o n  was unknown, b u t  was e s t i m a t e d  t o  

be  abou t  1300 f o r  a  ground p e r i o d  o f  0 . 3  t o  1 . 5  s e c .  Some re- 

a r r a n g e m e n t s  were made d u r i n g  t h e  e r u p t i o n ,  t h e  most i m p o r t a n t  

one  on December 1 2 ,  1963 ,  when a  N-S component Sprengne the r  was 

connec ted .  A f t e r  t h a t  o n l y  one v e r t i c a l  component was used a t  

any one t i m e ,  e i t h e r  Sprengne the r  o r  Willmore depending on 



c i r c u m s t a n c e s .  A 1 1  t h e  S p r e n g n e t h e r  s e i s m o g r a p h s  were o p e r a t e d  

w i t h  a  m a g n i f i c a t i o n  o f  400 o r  1000 ,  

A t  Vik a  Mainka N-S s e i s m o g r a p h  was i n  o p e r a t i o n ,  m a g n i f i c a t i o n  

40  was u s e d .  

The p r e s e n t  s u r v e y  is b a s e d  ma in ly  o n  se i smograms f rom Reykja-  

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

s e i smograms  from Vik and  K i r k ~ u b z e j a r k l a u s t u r  were  u sed  i n  s e v e r a l  

c a s e s .  

M i c r o s e i s m s  a r e  q u i t e  s t r o n g  i n  I c e l a n d ,  and  t h e i r  i n t e n s i t y  

shows a  s t r o n g  c o r r e l a t i o n  w i t h  wind and s w e l l .  I n  r e l a t i v e l y  q u i e t  

w e a t h e r  t h e i r  p e r i o d  is 1-5 s e c o n d s  and  t h e  ground a m p l i t u d e  is 

1 t o  5 , A .  I n  s t r o n g  w e a t h e r  w i t h  heavy s e a s  t h e  p e r i o d  is  6  t o  7 

sec.  and  t h e  a m p l i t u d e  is  20-3OPor more.  Changes i n  a v e r a g e  

a m p l i t u d e  t a k e  p l a c e  r a t h e r  s l o w l y ,  o v e r  s e v e r a l  h o u r s .  The ground 

waves  wh ich  o r i g i n a t e d  a t  S u r t s e y  and  w i l l  b e  d e s c r i b e d  l a t e r ,  had 

t o  b e  d i s t i n g u i s h e d  from t h e  u s u a l  m i c r o s e i s m s .  I n  s to rmy  w e a t h e r  

t h i s  p roved  t o  b e  v e r y  d i f f i c u l t .  

From November 1st t o  2 0 t h  h a r d l y  any u n u s u a l  a c t i v i t y  c o u l d  

b e  o b s e r v e d  on  t h e  se i smograms a t  R e y k j a v i k .  The o n l y  e x c e p t i o n  
k o c c u r r e d  on  November 1 2 t h ,  f rom 1400  t o  2400  , when v e r y  weak 

waves w i t h  a  p e r i o d  o f  0 . 8  t o  1 . 2  sec. were i n t e r m i t t e n t l y  o b s e r v e d ,  

w h i c h  is much s h o r t e r  t h a n  normal  f o r  m i c r o s e i s m  a t  t h a t  t i m e .  

O t h e r w i s e  t h e  s e i smograms  were q u i t e  u s u a l ,  A l l  e a r t h q u a k e s  c o u l d  

b e  t r a c e d  t o  o t h e r  s o u r c e s ,  and  t h e  m i c r o s e i s m s  were  no rma l  f o r  

t h e  s e a s o n ,  

A t  K i rk  j u b z e j a r k l a u s t u r  s e v e r a  1 v e r y  weak e a r t h q u a k e s  were  

r e g i s t e r e d  on  t h e  6 t h  t o  8 t h  November, some o f  which  were f rom 

a n  o r i g i n  a t  a d i s t a n c e  o f  1 4 0  k i l o m e t e r s ,  a p p r o x i m a t e l y  t h e  same 

a s  t o  t h e  e r u p t i o n  l a t e r  o n .  From 1100  on  t h e  1 2 t h  t o  0130 o n  t h e  

1 3 t h  weak t r e m o r s  w i t h  a  p e r i o d  o f  0 . 2  t o  0 . 4  p e r i o d  was o b s e r v e d ,  

a n d  a g a i n  be tween  1100  and  1 6 0 0 ,  w i t h  a  maximum be tween  1300  and  

* A l l  t i m e s  a r e  g i v e n  i n  GMT. 



1400. S i m i l a r  t r e m o r s  were a l s o  observed on t h e  1 4 t h  from a b o u t  

0500, b u t  t h e i r  a m p l i t u d e  was much s m a l l e r  t h a n  b e f o r e ,  and 

d imin i shed  g r a d u a l l y  and d i s a p p e a r e d  i n  t h e  a f t e r n o o n .  Small  and 

v e r y  r a p i d  t r e m o r s  w i t h  a  p e r i o d  of 0 . 1  sec. were obse rved  on 

t h e  1 3 t h  between 0600 and 1300,  b u t  t h e y  may have been caused  by 

i c e  d r i f t  on a  r i v e r  n e a r  t h e  se ismograph o r  o t h e r  l o c a l  s o u r c e s  

S h o r t l y  a f t e r  midn igh t  on November 2 1 s t  o t h e r  k i n d  o f  t r e m o r s  
i 

made t h e i r  a p p e a r a n c e ,  and were much i n  e v i d e n c e  f o r  months t o  come. 

These waves were q u i t e  r e g u l a r ,  t h e i r  p e r i o d  was u s u a l l y  2 . 0  s e c . ,  

b u t  sometimes it dropped t o  1 . 5  s e c .  e s p e c i a l l y  when t h e  waves 

were weak. These waves o f t e n  l a s t e d  f o r  h o u r s ,  b u t  t h e i r  i n c r e a s e  

and d e c r e a s e  took p l a c e  i n  o n l y  a  few m i n u t e s ,  and was much more 

r a p i d  t h a n  f o r  r e g u l a r  mic rose i sms .  T h i s  c h a r a c t e r i s t i c  and t h e  

r e g u l a r  p e r i o d  d i s t i n g u i s h e d  t h e s e  waves from t h e  u s u a l  mic rose i sms .  

Changes i n  t h e i r  i n t e n s i t y  sometimes c o i n c i d e d  w i t h  marked changes  

i n  t h e  e r u p t i o n  (on December 1st f o r  example) ,  and when a  seismo- 

g r a p h  was o p e r a t e d  i n  t h e  Westman I s l a n d s  t h e y  were observed t h e r e  

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

c e r t a i n  t h a t  t h e s e  waves o r i g i n a t e d  i n  t h e  v i c i n i t y  of S u r t s e y .  A t  

K i rk juba3 ja rk laus tu r  t h e s e  waves were a l s o  o b s e r v e d ,  b u t  wave corn- 

p o n e n t s  w i t h  a  p e r i o d  o f  0 . 7  - 1 . 5  s e c .  were a l s o  i n  e v i d e n c e .  The 

se i smograph  had i ts  maximum s e n s i t i v i t y  n e a r  t h i s  r a n g e .  

The waves j u s t  d e s c r i b e d  were f i r s t  obse rved  on November 2 1 s t ,  

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

December 1st a t  1407-1411. They were v e r y  much i n  e v i d e n c e  on 

Dec. 2nd and 3 r d ,  and a g a i n  on 7 t h  t o  8 t h ,  b u t  d imin i shed  a f t e r  

t h a t .  S t i l l  t h e y  were obse rved  every  day from t ime  t o  t i m e  u n t i l  

the end of t h e  y e a r ,  b u t  were  ve ry  weak a f t e r  Dec. 22nd,  w i t h  a  

p e r i o d  o f  c l o s e  t o  1 s e c .  They i n c r e a s e d  a g a i n  on Dec. 3 0 t h ,  b u t  

d i s a p p e a r e d  on January  4 t h  1964 f o r  t h e  t ime  b e i n g .  

The f i r s t  e a r t h q u a k e ,  which d e f i n i t e l y  had a n  o r i g i n  n e a r  

S u r t s e y ,  o c c u r r e d  a t  1219 Dec. 1 7 t h  1963 (magnitude 3 . 8 )  and 

a n o t h e r  much weaker j u s t  b e f o r e  2300. On t h e  23rd  a t  2306 t h e r e  

was a g a i n  a  s m a l l  quake ,  f o l l o w e d  by s e v e r a l  s t i l l  s m a l l e r  quakes  



on  2 4 t h .  S t i l l  a n o t h e r  s m a l l  quake was a t  2010 on January  3 r d ,  

fo l lowed  by a  s t r o n g e r  one a t  1052 on t h e  4 t h .  From January  7 t h  t o  

1 0 t h  f i f t e e n  e a r t h q u a k e s  were observed a t  Reykjavik  and s e v e r a l  

more a t  K i r k j u b t e j a r k l a u s t u r .  Four of  t h e s e  e a r t h q u a k e s  were f e l t  

a t  Westman I s l a n d s ,  on t h e  7 t h  a t  2210 and 2231,  8 t h  a t  0133 and 

9 t h  a t  1633.  The t h r e e  f i r s t  f e l t  e a r t h q u a k e s  had a  magnitude of 

4 . 2 ,  t h e  l a s t  one 4 . 6 .  

On January  1 1 t h  t h e  l o n g  waves were obse rved  a g a i n  and had 

a  maximum i n t e n s i t y  on t h e  1 3 t h  and 1 5 t h ,  b u t  were obscured  by 

m i c r o s e i s m s o a  t h e  1 9 t h .  Two r a t h e r  s m a l l  e a r t h q u a k e s  were obse rved  

a t  Reykjavik  on January  23rd  a t  1106 and 1421.  These two and t h r e e  

more were obse rved  a t  K i r k j u b t e j a r k l a u s t u r  . 

The l o n g  waves appeared  a g a i n  a t  Reykjavik  on t h e  2 4 t h  i n  t h e  

a f t e r n o o n ,  and were ve ry  s t r o n g  t h e  f o l l o w i n g  day between 1109 and 

1157 ( a m p l i t u d e  l o p ) .  They were v e r y  pronounced t h e  n e x t  s i x  d a y s ,  

b u t  d i s a p p e a r e d  on t h e  3 1 s t  a b o u t  0230 and were n o t  obse rved  a g a i n  

w i t h  c e r t a i n t y  u n t i l  February  1 2 t h .  The maxima of  t h e s e  waves i n  

t h e  p e r i o d  from January  2 0 t h  t o  March 3 1 s t  1964 is g i v e n  i n  T a b l e  I .  

The a m p l i t u d e  i s  g i v e n  on t h o s e  days  when mic rose i sms  were n o t  

pronounced.  The long  waves a l m o s t  d i s a p p e a r e d  from t h e  Reykjavik  

o b s e r v a t i o n s  on 2 8 t h  t o  2 9 t h  o f  March, b u t  v e r y  weak t r e m o r s  were 

obse rved  on 1 7 t h  t o  2 4 t h  of A p r i l  and i n  t h e  e v e n i n g  of  J u l y  9 t h .  

The lbng  waves were n o t  obse rved  a g a i n  u n t i l  n e x t  summer. 

An e a r t h q u a k e  from S u r t s e y  was obse rved  a t  Reykjavik  a t  1752 

on January  3 1 s t  1964,  and t h e  f o l l o w i n g  day e l e v e n  quakes  were 

o b s e r v e d ,  a t  0004, 0203, 0257, 0729, 0743, 0857,  1140,  1452,  1554,  

1555 and 1658,  b u t  t w i c e  a s  many were obse rved  a t  K i r k j u b t e j a r k l a u s t u r  

The e a r t h q u a k e s  a t  0257, 0729, 0857 and 1452 were t h e  s t r o n g e s t  

o n e s ,  w i t h  a  magnitude of 3 . 2  t o  4 . 5 .  Some o f  t h e s e  quakes  were 

f e l t  a t  Westman I s l a n d s .  

Two s m a l l  e a r t h q u a k e s  were r e g i s t e r e d  a t  Ki rk jubze ja rk laus tu r  

a t  1047 and 1156 on March 9 t h ,  and a l s o  a t  1015 on J u l y  1 4 t h ,  1964.  



A f t e r  t h a t  no t r e m o r s  o r  e a r t h q u a k e s  o r i g i n a t i n g  a t  S u r t s e y  u n t i l  

May 1965 were o b s e r v e d .  

On May 8 t h  1965 a t  1041 a  s m a l l  e a r t h q u a k e  o r  t remor w i t h  a  

p r o b a b l e  o r i g i n  a t  S u r t s e y  was observed i n  Reyk jav ik .  T h i s  t remor  

was fo l lowed  by many o t h e r s  t h e  n e x t  twe lve  d a y s .  They a r e  l i s t e d  

below, and magni tude  is a s s i g n e d  t o  t h e  l a r g e s t  o n e s .  The t i m e s  of 

t h e  e a r t h q u a k e s  and t r e m o r s  a r e  a s  f o l l o w s :  On t h e  9 t h  a t  1601 

( s m a l l ) ,  1 0 t h  a t  0251 (magnitude 4 . 2 )  and 0315, l l t h  a t  0033 and 

0759 ( b o t h  s m a l l ) ,  1 3 t h  a t  0102 ( v e r y  s m a l l ,  fo l lowed  by ve ry  weak 

t r e m o r s  t h e  same day and t h e  n e x t ) ,  1 4 t h  a t  1718 (magnitude 4 . 2 )  

and 2140 (weak t r e m o r ) ,  1 5 t h  a t  0703 and 1718 (magnitude of  b o t h  

3 . 7 ) ,  1 6 t h  a t  0711 and 0810 ( b o t h  s m a l l ) ,  same day a t  1320 

(magnitude 4 . 0 ) ,  1 7 t h  a t  2357 ( s m a l l ) ,  1 8 t h  a t  0115 ( v e r y  weak 

t r e m o r ) .  On t h e  1 9 t h  s i x  e a r t h q u a k e s  were r e g i s t e r e d ,  t h e  l a r g e s t  

a t  1415 (magni tude  4 . 2 ) .  The o t h e r s ,  which were much s m a l l e r  were  

r e g i s t e r e d  a t  1513,  1536,  1611,  1655 and 2038. Weak i n d e f i n i t e  

t r e m o r s  were a l s o  r e g i s t e r e d  a t  1433 and 1453.  An e a r t h q u a k e  a t  

1501 on t h e  2 0 t h  (magnitude 3 . 8 )  concluded t h i s  s e r i e s .  No t r e m o r s  

o r  e a r t h q u a k e s  o r i g i n a t i n g  n e a r  S u r t s e y  were obse rved  d u r i n g  t h e  

n e x t  month. 

Regular  waves,  s i m i l a r  t o  t h o s e  obse rved  f i r s t  on Nov. 2 1 s t  

1963,  a g a i n  made t h e i r  appearance  on J u l y  3 r d  i n  t h e  f o r e n o o n ,  

a f t e r  a n  a b s e n c e  of o v e r  a  y e a r .  T h e i r  p e r i o d  was now 1 . 2  t o  2 . 3  

s e c . ,  1 . 2  b e i n g  most f r e q u e n t .  They were obse rved  d a i l y  ( e x c e p t  

J u l y  5 t h )  u n t i l  August l l t h ,  b u t  w i t h  v a r y i n g  i n t e n s i t y  and 

f r e q u e n c y .  On August  1 2 t h  t o  1 4 t h  t h e  waves seem t o  d i m i n i s h  and 

a lmos t  d i s a p p e a r .  But s t r o n g  mic rose i sms  on t h e s e  d a y s  may p a r t l y  

o b s c u r e  them. 

L a t e  on t h e  1 4 t h  t h e  waves i n c r e a s e d  a g a i n  and were v i s i b l e  

u n t i l  l l t h  of  September ,  a l t h o u g h  t h e y  were d i s t u r b e d  by micro-  

s e i s m s  on August 23rd  and 2 4 t h .  The p e r i o d  i n  August was 1 .3  t o  

2 . 0  s e c .  The waves had maximum a m p l i t u d e s  on August 31st and 

September 9 t h ,  and had t h e n  a  p e r i o d  of  1 . 2  s e c .  September 1 2 t h  



t o  1 5 t h  mic rose i sms  were i n t e n s e ,  and no waves from t h e  e r u p t i o n  

c o u l d  be d i s t i n g u i s h e d .  They were however obse rved  a g a i n  September 

1 6 t h  t o  1 8 t h  ( p e r i o d  1 . 2  s e c . ) .  September 1 9 t h  t o  October  1st t h e y  

were v e r y  weak o r  e n t i r e l y  a b s e n t ,  b u t  mic rose i sms  were s t r o n g  

d u r i n g  t h e  f i r s t  d a y s  of t h i s  i n t e r v a l .  October  2nd t o  7 t h  t h e  

e r u p t i o n  waves were obse rved  a g a i n ,  t h i s  t ime  w i t h  a  p e r i o d  of  

1 .0-1 .2  s e c . ,  b u t  a f t e r  t h a t  they  were h a r d l y  v i s i b l e  a t  a l l  t o  

t h e  end of  t h e  month, b u t  microse isms were s t r o n g ,  e s p e c i a l l y  on 

1 2 t h  t o  2 0 t h  and 2 6 t h  t o  2 7 t h .  

Ear thquakes  began a g a i n  i n  t h e  S u r t s e y  a r e a  on October  2 8 t h .  

The se ismographs  a t  Reykjavik  r e g i s t e r e d  t h e  f i r s t  quake a t  1155 

(magnitude 3 . 5 ) .  Ear thquakes  from S u r t s e y  had n o t  been r e g i s t e r e d  

s i n c e  May 2 0 t h .  The n e x t  e a r t h q u a k e  was obse rved  a t  1055 on Nov. 

4 t h ,  i t  was somewhat weaker t h a n  t h e  p r e v i o u s  one .  The t h i r d  one 

was a t  1934 on t h e  same day (magnitude 3 . 9 ) ,  and a  quake on Nov. 

5 t h  a t  0152 may a l s o  have o r i g i n a t e d  i n  t h e  S u r t s e y  a r e a .  F u r t h e r  

e a r t h q u a k e s  from S u r t s e y  were t h e  f o l l o w i n g  (magnitude is  g i v e n  

i n  p a r e n t h e s i s  when d e t e r m i n e d ) :  November 9 t h  a t  0227 ( 3 . 4 1 ,  

1 3 t h  a t  0107 ( 4 . 2 ) ,  1 7 t h  a t  1048 ( 4 . 4 ) ,  1143 ( 4 . 4 )  and 1546 ( 4 . 2 ) ,  

2 1 s t  a t  1027 ( 4 . 2 ) ,  22nd a t  0003 ( 4 . 6 ) ,  23rd  a t  1125 ( 3 . 5 ) ,  2 4 t h  

a t  1119 ( 3 . 6 )  1139 and 1623 ( b o t h  s m a l l ) .  On November 2 7 t h  a t  0007 

a  s m a l l  e a r t h q u a k e  was obse rved  which may have o r i g i n a t e d  n e a r  

Sur t s e y  . 

Tremors and r e g u l a r  waves were obse rved  e v e r y  now and t h e n  

i n  November, e s p e c i a l l y  on t h e  l s t ,  2nd,  5 t h ,  6 t h ,  8 t h ,  9 t h ,  l z t h ,  

2 1 s t ,  23rd  and 2 4 t h .  

No e a r t h q u a k e s  a r e  known t o  have o r i g i n a t e d  a t  S u r t s e y  i n  

December 1965,  b u t  t r e m o r s  were observed on t h e  4 t h ,  6 t h ,  1 2 t h ,  

22nd and 2 7 t h .  



On February  2 4 t h  t o  2 7 t h  t h e  ground wave a c t i v i t y  o f t e n  

seemed t o  be  a t  maximum n e a r  t h e  h i g h  t i d e .  S p r i n g  t i d e  was a t  

maximum on t h e s e  d a y s .  The examples a r e  s o  few, however, t h a t  i t  

is  d i f f i c u l t  t o  d e c i d e  i f  t h e  c o i n c i d e n c e  is s i g n i f i c a n t  o r  

dependent  on chance  a l o n e .  



Tab le  I .  Times and Amplitude of  Ground Waves from t h e  S u r t s e y  

E r u p t i o n ,  January  2 0 t h  t o  March 2 1 s t ,  1964. Observed 

a t  Reyk jav ik .  

The ampl i tude  g iven  is t h e  N-S ground motion i n p .  

The m a g n i f i c a t i o n  of t h e  seismograph used was 750 a t  

Tg = 2 . 0  seconds ,  

Date GMT Amplitude 

20/1 2111-2123 
2 4/ 1 1630-1640 

1P 1839-1930 5 
25/1  1109-1157 1 0  
27/1  2203-2244 
28/1 0152-0333 

v v  0701-0727 13 
9 v  1511-1541 
v  v 2011-2018 12 

29/1 0005-0050 
e t 0513-1200 

30/1  1403-1407 
tv 1844-2015 

16/2 2232-2241 
17/2 0532 -0545 
2 1/2 2111-2123 
2 4/2 1630-1640 

? V  1839-1930 
26/2 1709-1716 * 

1t 1722-1744 

2 7/2 0429-0433 

1/3 0926-1004 
2/3 2032-2050 
4/3 1857-1900 

v  v 2000-2234 

8/3 1123-1130 
9/3 062 1-0641 

P V  0849-0912 

11/3 0049-0055 
19 0540-0607 

12/3 0147-0149 
v t 0347-0407 

18/3 1855-1902 
P  P 2105-2131 

2 1/3 0637-0736 

* Shor t  r e g u l a r  waves, Tg = 1 . 0  s e c .  




