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

On June  2 0  a  l e v e l l i n g  p r o f i l e  a c r o s s  t h e  S u r t s e y  l a v a  was 

marked by 42 benchmarks c o n s i s t i n g  o f  s m a l l  b r a s s  p i n s  These  p i n s  

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

number (601  t o  642) was s t smped on e a c h  p i c  ( F i g u r e  1 ) .  T h i s  p r o f i l e  

was 1.evel led from e a s t  t o  w e s t  on June 2 1  ' t o  22 A second l e v e l l i n g  

was made o n  August 9 t o  10 ,  a l s o  from e a s t  t o  west:  and t h e  t h i r d  

l e v e l l i n g  on August 11-12 from w e s t  t o  e a s t  

I n  a d d i t i o n ,  l e v e l l i n g s  from t h e  e a s t  end o f  t h e  prof!.le (6011 

t o  t h e  pond e a s t  o f  t h e  r e s e a r c h  h u t  .(P5,lsbza-l rind t o  t h e  d o o r s t e p  

o f  t h e  h u t  were  made on June  2 3  and a g a i n  on August 1 2 .  Measure- 

m e n t s  o f  t h e  s u r f a c e  e l e v a t i o n  o f  a pond n s a r  t h e  n o r t h  s h o r e  o f  

t h e  i s l a n d  were  made on August 9 t o  12 , and  t h e s e  were  t i e d  t c  t h e  

l e v e l l i n g  p r o f i l e ,  - 

L e v e l l i n g  a c r o s s  t h e  S u r t s e y  l a v a  - 
The v a i n  r e s u l t  o f  t h e  l e v e l l i n g  is shown i n  Tz.hle I and 

F i g u r e  2 ,  I n  T a b l e  1 a l l  e l e v a t i o n s  a r e  based  on t h e  e l e v ? . t i o n  o f  

benchmark 601  a t  t h e  e a s t  :nd o f  t b e  p r o f i l e .  A s  t h i s  work is  

P--:m-?4.?.:1 a  s t u d y  of  t h e  d e f o r m a t i o n  o f  t h e  S u r t s e y  l a v a  hy  corn.- 

P a r i n g  l e v e l l i n g s  made a t  d i f f e r e n t  t i m e s .  t h e  s c c u r e c y  o f  t h e s e  

l e v e l l i n g s  7.re o f  u tn .os t  i m p o r t a n c e .  

The l e v e l l i n g  o f  J u n e  21-22 was l e s s  a c c u r a t e  t h a n  t h e  l s t e r  

l e v e l l i n g s  due  t o  l i m i t e d  t i m e  and e x p e r i e n c e  However, t h e  p r o b a b l e  - 
e r r o r  i n  r o l a t i v e  e l e v a t i o n  o f  t h e  benchmarks is l e s s  t h a n  0 . 5  m i l l i -  

m e t e r s  o v e r  a  d i s t a n c e  o f  one  k i l o m e t e r .  The l e v e l l i n g s  o f  August 9 

t o  12  a r e  more a c c u r a t e ,  w i t h  p r o b a b l e  e r r o r  ahou t  0  25  m i l l i m e t e r  

p e r  k i l o m e t e r  0:: p r o f i l e ,  Thus t h e  v l r i a t i o n  o f  obse rved  e l e v a t i o n  



( T a b l e  1 )  i s  v e r y  much g r e a t e r  t h a n  t h e  e r r o r  o f  o b s e r v l t i o n  

The change  i n  o b s e r v e d  e l e v a t i o n  o f  t h e  benchmarks is shown 

i n  T a b l e  1, and t h e  a v e r a g e  d a i . l y  change  is shown on F i g u r e s  3 and 4 .  

The whole p r o f i l e  s u b s i d e d  r e l a t i v e  t o  benchmark 601  w i t h  t h e  

p o s s i b l e  e x c e p t i o n  o f  benchmark 642 on t h e  wes t  c o a s t  o f  S u r t s e y .  

G r e a t e s t  s u b s i d e n c e  between June  21-22 and August 9.-10 was o b s e r v e d  

f o r  benchmarks 619  ( 7 . 7  c e n t i m e t e r s ) ,  617  ( 5 . 6  c e n t i m e t e r s ) ,  625  

( 4 . 5  c e n t i m e t e r s ) :  608 ' 3 . 4  c e n t i m e t e r s ) ,  and 626 ( 3 . 3  c e n t i m e t e r s )  

O the r  benchmarks s u b s i d e d  l e s s  t h a n  t h r e e  c e n t i m e t e r s .  The p r o b a b l e  

e r r o r  o f  t h e  o b s e r v e d  s u b s i d e n c e  i s  about  one  m i l l i m e t e r  o n  t h e  

w e s t e r n  p a r t  o f  t h e  p r o f i l e  and l e s s  on t h e  e a s t e r n  p o r t i o n ,  making 

t h e  p r o b a b l e  e r r o r  i n  t h e  a v e r a g e  d a i l y  r a t e  o f  s u b s i d e n c e  a p p r o x i -  

m a t e l y  0 . 0 2  m i l l i m e t e r s  f o r  t h e  p e r i o d  June  21-22 t o  August 9-10 

( F i g u r e  3 ) .  E s t i m a t e d  e r r o r s  i n  F i g u r e  4  i n c r e a s e  from l e f t  t o  

r i g h t  due  t o  d e c r e a s e d  tj.me be tween l e v e l l i n g s  and a r e  r o u g h l y  0 . 2  

m i l l i m e t e r s  a t  benchmark 620 and 0 . 5  m i l l i m e t e r s  a t  642.  When F i g -  

u r e s  3 and 4 a r e  compared,  i t  i s  c l e a r  t h a t  t h e  r a t e  o f  d e f o r m a t i o n  

i s  s i m i l a r  f o r  t h e  r o u g h l y  50  d a y s  p e r i o d  cove red  i n  F i g u r e  3 and 

f o r  . t he  o n e  t o  t h r e e  day p e r i o d  cove red  i n  F i g u r e  4 .  However, t h e r e  

a r e  some s i g n i f i c a n t  changes .  The movement o f  benchmarks 616 ,  617 ,  

618 ,  619 and 6 2 0 ,  r e l a t i v e  t o  e a c h  o t h e r ,  is g r e a t e r  f o r - t h e  l a t e r  

p e r i o d ,  The i n c r e a s e  i n  a v e r a g e  r e l a t i v e  r a t e  o f  movement i n  t h i s  

a r e a  from t h e  f i r s t  t o  t h e  second  p e r i o d  amounts t o  about  20 p e r  - 

c e n t .  T h e s e  benchmarks a r e  i n  t h e  a r e a  o f  t h e  l a t e s t  l a v a  f l o w s  

o f  S u r t s e y  and t h e  l a v a  o f  t h i s  a r e a  was q u i t e  h o t  d u r i n g  t h e  summer 

o f  1967.  The i r r e g u l a r  movement of  t h i s  a r e a  i s  p r o b a b l y  caused  by 

s low p l a s t i c  f low o f  t h e  s t i l l  h o t  l a v a .  C o n t r a c t i o n  due t o  c o o l i n g  

o f  t h e  l a v a  may a c c o u n t  f o r  a  f r a c t i o n  o f  t h i s  s u b 5 i d e n c e .  

The p o r t i o n  o f  t h e  p r o f i l e  l y i n g  be tween benchmarks 621  and 

640 was s u b s i d i n g  r a p i d l y  i n  August 1967 w h i l e  a  q u i t e  s low s u b -  

s i d e n c e  was o b s e r v e d  o v e r  t h e  much l o n g e r  p e r i o d  between t h e  f i r s t  

and second l e v e l l i n g .  The r a t e  o f  v e r c i c a l  movements of  benchmarks 

624 t h r o u g h  6 3 8 ,  r e l a t i v e  t o  e a c h  o t h e r ,  i s , h o w e v e r ,  vc ry  s i m i l a r  

f o r  t h e  two p e r i o d s ,  w h i l e  t h e  whole a r e a  where t h e  benchmarks a r e  

l o c a t e d ,  h a s  s t a r t e d  t o  s u b s i d e  r a p i d l y  i n  August o f  1967.  

The change  i n  r a t e  o f  d e f o r m a t i o n  from t h e  f i r s t  t ,o  t h e  second  



p e r i o d  is shown on F i g u r e  5 .  T h i s  g r a p h  shows v e r y  c l e a r l y  t h e  

i n c r e a s e d  r a t e  o f  s u b s i d e n c e  i n  t h e  w e s t e r n  p a r t  o f  t h e  i s l a n d ,  A 

s u b s i d e n c e  o f  benchmarks 624 t o  638 a t  t h e  r a t e  o b s e r v e d  i n  August 

1967  would i n  one  week accoun t  f o r  t h e  t o t a l  s u b s i d e n c e  o f  t h i s  

a r e a  be tween  J u n e  22 and August 10. 

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

On June  22  t h e  s u r f a c e  o f  t h e  pond e a s t  o f  t h e  r e s e a r c h  h u t  

was t i e d  by l e v e l l i n g  t o  benchmark 6 0 1  and t o  t h e  d o o r s t e p  o f  t h e  

h u t .  I t  was assumed t h a t  t h e  s u r f a c e  e l e v a t i o n  o f  t h i s  pond was v e r y  

c l o s e  t o  mean s e a  l e v e l  On August 1 3  l e v e l l i n g  was pe r fo rmed  from 

benchmark 6 0 1  t o  s e v e r a l  p o i n t s  on  n o r t h e r n  S u r t s e y ,  i n c l u d i n g  t h e  

a v e r a g e  e l e v a t i o n  of  t h e  pond n e a r  t h e  c o a s t  n o r t h  o f  t h e  r e s e a r c h  

h u t -  T a b l e  2  shows t h e  r e s u l t  o f  t h e s e  l e v e l l i n g s .  

The e l e v a t i o n  o f  t h e  n o r t h e r n  pond was o b s e r v e d  a round  h i g h -  

and-low t i d e  d u r i n g  - f o u r  day  p e r i o d ,  August 9  t o  1 2 :  s o  t h e  

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

r o u g h l y  5  c e n t i m e t e r s .  The a m p l i t u d e  o f  t h e  t i d e s  i n  t h i s  pond was 

1 . 5 2  m e t e r s  on  August 9  h u t  d e c r e a s e d  d u r i n g  t h e  p e r i o d  o f  o b s e r v a -  

t i o n  due  t o  d e c r e a s i n g  ocean  t i d e  ( T a b l e  39. The pond t i d e  was - 
d e l a y e d  more t h a n  two h o u r s  r e l a t i v e  t o  p r e d i c t e d  o c e a n  t i d e  i n  

Heimaey. The d i f f e r e n c e  i n  t i m e  o f  o c e a n  t i d e  a t  S u r t s e y  and Heimaeg 

is  n o t  known b u t  assumed t o  b e  i n s i g n i f i c a n t .  The a v e r a g e  d e l a y  o f  

t h e  low t i d e  i s  2 h o u r s  52 m i n u t e s ,  w h i l e  t h e  h i g h  t i d e  is d e l a y e d  

an  a v e r a g e  o f  2 h o u r s  2 4  m i n u t e s ,  F u r t h e r m o r e ,  t h e  d e l a y  is g r e a t e r  

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

T h e r e  is c e r t a i n l y  some d i f f e r e n c e  be tween  t h e  mean e l e v a t i o n s  

i n  t h e  pond and i n  t h e  o c e a n ,  t h e  pond b e i n g  somewhat h i g h e r  HOW 

much t h i s  amounts  t o  is  no t  e x a c t l y  known, b u t  a  m a t h e m a t i c a l  

s o l u t i o n  o f  t h e  problem seems p o s s i b l e  arid w i l l  b e  a t t e m p t e d .  P r e -  

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

pond may h e  a b o u t  1 0  c e n t i m e t e r s  above  mean s e l  l e v e l  

The s o u t h e r n  pond was a b o u t  12  c e n t i m e t e r s  l ower  on  August 12 

t h a n  on  J u n e  2 2 ,  r e l a t i v e  t o  6 0 1  and t h e  r e s e a r c h  h u t .  On August 1 2 ,  



t h i s  pond was a b o u t  1 0  c e n t i m e t e r s  above t h e  mean e l e v a t i o n  o f  t h e  

n o r t h e r n  pond and i t  is h i g h l y  u n l i k e l y  t h a t  t h e  d i f f e r e n c e  be tween 

t h e  two ponds  v a r i e s  much. It is  assumed t h a t  heavy r a i n  may t e n p -  

o r a r i l y  r a l s e  t h e  l e v e l  of  t h e  s o u t h e r n  pond b u t  t h e  h i g h  perme- 

a b i l i t y  o f  t h e  c o a r s e  sand between t h e  pond and t h e  ocean  w i l l  a l l ow 

a  f a s t  r e c o v e r y  o f  normal  pond l e v e l .  The e l e v a t i o n  o f  t h e  s o u t h e r n  

pond d e c r e a s e d  a b o u t  o n e  c e n t i m e t e r  p e r  day d u r i n g  August 9 -12 ,  1967 

T h i s - w a s  p r o b a b l y  due  t o  d e c r e a s i n g  ocean  t i d e  d u r i n g  t h a t  p e r i o d .  

The w a t e r  l e v e l  i n  beach  sand  is norma l ly  somewhat h i g h e r  t h a n  

t h e  mean s e a  l e v e l ,  t h e  d i f f e r e n c e  b e i n g  p r o p o r t i o n a l  t o  t h ~  ampl i -  

t u d e  o f  t h e  t i d e ,  The t i d a l  a m p l i t u d e  o f  t h e  n o r t h e r n  pond d s c r e a s e d  

a b o u t  1 0  p e r c e n t  p e r  day  d u r i n g  August 9 - 1 2 .  T h e r e f o r e ,  i t  may be  

assumed t h a t  t h e  e l e v a t i o n  o f  t h e  s o u t h e r n  pond above mean s e a  

l e v e l  h a s  d e c r e a s e d  a b o u t  1 0  p e r c e n t  p e r  day d u r i n g  t h e  same p e r i o d .  

T h i s  r e a s o n i n g  p l a c e s  t h e  e l e v a t i o n  o f  t h e  s o u t h e r n  pond o n l y  1 0  

c e n t i m e t e r s  above mean s e a  l e v e l  and t h e  a v e r a g e  e l e v a t i o n  o f  t h e  

n o r t h e r n  pond v e r y  c l o s e  t o  mean s e a  l e v e l .  

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

a l w a y s  n e a r l y  t h e  same,  r e l a t i v e  t o  s e a  l e v e l  e x c e p t  d u r i n g  p e r i o d s  

o f  heavy r a i n  and t h a t  t h e  obse rved  d e c r e a s e  i n  i t s  e l e v a t i o n  

r e l a t i v e  t o  t h e  h u t  and 601  d u r i n g  t h e  summer of  1 9 6 7 - i s  i n  f a c t  - 
due  t o  an u p l i f t  o f  t h e  n o r t h e r n  p a r t  o f  S u r t s e y .  

C o n c l u s i o n  - 
The S u r t s e y  l a v a  was de fo rming  q u i t e  r a p i d l y  d u r i n g  t h e  summer 

o f  1967 .  Most o f  i t  s u b s i d e d  r e l a t i v e  t o  benchmark 601  which  is  

l o c a t e d  n e a r  t h e  n o r t h e r n  edge  o f  t h e  l a v a ,  e a s t  o f  t h e  t u f f  moun-. 

t a i n  formed d u r i n g  t h e  f i r s t  pliase o f  t h e  S u r t s e y  e r u p t i o n  i n  1963-.  

6 4 .  C e r t a i n  p o r t i o n s  o f  t h e  l a v a  (benchmarks 608,  617 ,  6 1 9 ,  625)  

s u b s i d e d  more r a p i d l y  t h a n  o t h e r  a r e a s ,  p r o b a b l y  due t o  s low p l a s t i c  

f low o f  t h e  h o t  l a v a ,  and t h e  s u b s i d e n c e  r a t e  of  t h e  l a v a  was m o s t l y  

h i g h e r  i n  e a r l y  August t h a n  e a r l i e r  i n  t h e  summer. 

A l a r g e  a r e a  i n  t h e  w e s t e r n  p a r t  o f  t h e  l a v a  where b e n c h n a r k s  

622 t h r o u g h  640 l i e ,  a p p e a r s  t o  have s t a r t e d  t o  s u b s i d e  a s  o n e  b l o c k  

i n  e a r l y  August 1967 .  These  benchmarks a r e  a l l  w i t h i n  500 m e t e r s  



d i s t a n c e  from t h e  l a v a  c r a t e r  o f  1964-65 w h i l e  ,311 o t h e r  benchn.arks  

o n  t h e  l e v e l l i n g  p r o f i l e  a r e  f a r t h e r  away from t h i s  c r a t e r -  T h i s  

migh t  i n d i c a t e  a  b e g i n n i n g  o f  t h e  f o r m a t i o n  o f  s c a l d e r a - l i k e  

d e p r e s s i o n  o f  r o u g h l y  500 m e t e r s  r a d i . u s .  c e n t e r e d  n e a r  t h e  c r a t e r ,  

L e v e l l i n g  on t h e  n o r t h e r n  p a r t  o f  S u r t s e y  i n d i c a t e s  t h a t  bench-.  

mark 6 0 1  was u p l l f t e d  r e l a t i v e  t o  s e a  l e v e l  d u r l n g  t h e  5 0  f i ? - I :  between  

t h e  f i r s t  and l a s t  l e v e l l i n g ,  T h i s  u p l i f t  may -mount t o  abou t  l o  

c e n t i m e t e r s .  

T h i s  r e s e a r c h  was p a r t l y  s u p p o r t e d  by t h e  N ~ t i o n a l  S c i e n c e  

F o u n d a t i o n  g r a n t  GP-5365 and p a r t l y  by t h e  S u r t s e y  R e s e a r c h  S o c i e t y .  



TABLE I - 

ELEVATION O F  THE SURTSEY PROFILE AND CHANGES I N  MEASURED ELEVATION 

Benchmark    lev a t  ion* 
m e t e r s  -- 

DH (1)"* 
m i l l i m e t e r s  

A v e r a g e  d a i l y  r a t e  
of  e l e v a t i o n  c h a c e e s  - 

i n  mi l l imeters  
,X%X 



- TABLE I - Cont inued  

ELEVATION OF THE SURTSEY PROFILE AND CHAEGES I N  MEHSLXED ELEVATION 

Average d a i l y  r a t e  

H E l e v a t i o n  a s  measured June  2 1  t o  2 2 ,  1967.  above benchmark 601  

w% DH ( 1 )  is t h e  change o f  measured e3 .eva t ion  from June  2 1  - 2 6  

t o  August 9 - 1 0  assuming no movement of  601 .  

DH ( 2 )  i s  t h e  change from August 9  - -  1 0  t o  August 1 0  - 11 

Minus s i g n  means s u b s i d e n c e  r e l a t i v e  t o  6 0 1 .  

XHH A c o v e r s  t h e  p e r i o d  June  2 1  - 22 t o  August 9 - 10 

R c o v e r s  p e r i o d  August 9 - 1 0  t o  August 11 - 12 



TABLE 2 

DIFFERENCE I N  ELEVATIONS ON NORTHERN SURTSEY 

June 23 ,  1967 August 13, 1967 
cm cm 

H (601)  - H(S - Pond) 

H ( D o o r s t e p )  - H ( S  - Pond) 

H ( S  - Pond)-H ( N  - Pond) 

H ( 0 0 0 )  - H CN - Pond) 

H ( D o o r s t e p )  - H ( N  - Pond) 

H (601)  - B (N - Pond. 

H (Marker - 0)  - H !N - Pond) 

H ( 6 0 1 )  - H ( D o o r s t e p )  

H (601)  - H (Marker  - 0 )  

H (Marker - 0 ) - H IS-  Pond) 

H ( D o o r s t e p )  - H (Marker  - 0)  

H (601)  is t h e  e l e v a t i o n  o f  benchmark numbered 601 

H ( S  - Pond) is t h e  s u r f a c e  e l e v a t i o n  o f  t h e  s o u t h e r n  pond ( D r o p i )  

H (N - Pond) is t h e  a v e r a g e  s u r f a c e  e l e v a t i o n  of  a t i d a l  pond 

n e a r  t h e  n o r t h  c o a s t  o f  S u r t s e y  

B ( D o o r s t e p )  i s  t h e  e l e v a t i o n  o f  t h e  d o o r s t e p  of  t h e  r e s e a r c h  hu t  

H f000)  is t h e  e l e v a t i o n  0.f t o p  of  g a l v a n i z e d  p i p e  marking  t h e  

z e r o  p o i n t  o f  t r i a n g u l a t i o n  g r i d  i n  S u r t s e y  

H (Marker  - 0) is t h e  e l e v a t i o n  of  a b r a s s  n a i l  p l a c e d  i n  l a v a  

a b o u t  one  me te r  e a s t  o f  n o r t h  end o f  t h e  s o u t h e r n  

pond 



TABLE 3 

TIDAL OBSERVATIONS I N  THE NORTHERN POND ON SURTSEY 

August  9 - 1 2 !  1967  

Time o f  h i g h  
o r  low t i d e  

I n  pond I n  Ocean 

d h m  d h  m 

H e i g h t  o f  
t i d e  i n  pond 

D e l s y  o f  
pond -- t i d e  












