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INTRODUCTION 
I n  late June  1967 a levelling profile was establ- 

ished across the lava of Surtsey. This profile con- 
sisted of 42 bench marks and was about 2060 
meters long. This profile has been levelled f'ive 
tirnes, in June 1967, August 1967, June 1968, 
July 1969 and June  1970. I11 June 1968 the pro- 
file was surveyed to determine the location of 
each 11ench mark (Tryggvason 1970). During each 
levellillg an attempt has been made to determine 
the sea level elevation. T h e  repeated levellings 
of the Surtsey prof'ile show that the lava of S ~ ~ r t s -  
ey has been subsiding continuously between 
1967 and 1970. T h e  rate of subsidence has been 
decreasing continuously cluring the same period. 
? 7 I he maximum subsidence has been observed 
near the center of the island where the rate was 
more than one millimeter per clay in 1967 
(Tryggvason 1968). 

R A T E  O F  DEFORMATION 
O F  T H E  SURTSEY LAVA 

T h e  repeated levellings in Surtsey allow de- 
termination of the vertical cornporlent of ground 
deformation between any two levellings. 

T h e  levellings provide the elevation differ- 
ences between any pair of- bench marks (Figure 
1). T h e  vertical component of ground deforma- 
tion between two levellings is the ch;inge in the 
measured elevation diflerence. 

During one levelling at time t ,  the elevation 
of bench Inark A is HAl and that of bench mark 
B ir H n l .  At another levelling at time t, the 
elevation of these same bench niarks are 
and  HB2. T h e  difference in elevation of these 
two bench marks are: 

DHAHl = I-Iu, - H.11 
and 

DHAR2 = H B ~  - HAZ 

T h e  vertical cornpollent of deformat ion between 
bench marks A and B during the time interval 
t, to t2  is: 

and the rate of cleforlnatioll is: 

T h e  vertical colrlponent 01 deformation, as 
defined above can be a ground tilt or a more 
complicated deformation. If the horizontal dis- 
tance between the two bench marks is short, the 
observed deformation can be interpreted as one 
component of ground tilt. However, the de- 
formation observed in Surtsey (Figure 2) varies 
rapidly along the profile, so a linear tilt cannot 
be expected between any two bench marks. 

Figure 2 shows the deformation between 
bench mark (301 on the east coast of Surtsey and 
each of the other bench marks ot the Surtsey. All 
the bench marks have subsided relative to 601 
and the rate of subsidence has decreased by a 
factor of approximately two each year. T h m  the 
subsidence of bench mark 625 relative to 601 was 
32.2 cm during the first year between June 1967 
and June 1968, 17.0 cm during the second year 
and 7.7 cm during the third year. If the deforma- 
tion between two bench marks a short distance 



Fig. 1. Map of Snrtsey showing locatio~l of the levclli~lg profile. 
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Fig. 2. Atlnual ratc of subsidence of the Surtscy bench rnarks relative to 601 on the east shore of the island. The  vertical scale 
is changed by a factor of two each year to show more clearly that thc s~~l)sidence ratc is slowing do~vn by a factor o f  approxi- 
mately two every year. 



Fig. 3. Rate of deforniation as a fur~ction of time for selected Fig. 4. Rate o f  dcformatiorr as a fnnction of time for sclc=ctcd 
bench lllark intervals on the eastcrll half of the levelling pro- bench mark intervals on the western half of Surtsey. The  con- 
file. The  rate is given ill tnillinlcters per day wit11 separate vex shape of the curves is strikingly tliffel.el~t frotn llle salne 
scale for each curve. type of curves in Pig. 3 for rllc castern half of the island. 

apart is studied, i t  is evident that the rate ot de- 
crease in the defor~nation is different lor differ- 
ent parts of the plofile. On the eastern part of the 
profile (between bench barks 601 and 620) the 
deformation rate decreased more lapidly during 
the first part of the observation period than latcr 
(Figure 3) so curves showing the logarithm of the 
cleformatio~l rate versus time are concave, while 
on large portion of the western half of the pro- 
file this pattern is differnt so the same type of 
curves are convex (Figllre 4). Near the west coast 
of Surtsey between bench markr 639 and 641 the 
defoimation rate has beer1 nearly constant dur- 
ing the 3 years ol observation. 

Thir rather irregtilar trend in the rate of de- 
tormation of the Surtsey lava slirfac-e lnalzes it 

dilficult to predict with any accuracy how ~nuch  
deformation will take place during the coming 
years or when this deformation ~vill corne :o an 
end. However, the rapidly decreasing rate of de- 
tortnation indicates that the total subsidence 
after the 1970 levelling, relative to bench mark 
601, will riot exceed 10 centimeters for any point 
on the levelling profile. 

Figure 5 shows a rough estimate of the subsid- 
ence rate relative to bench mark 601 along the 
Surtsey profile in the year 1973 asuming a con- 
tinuation o f  the observed change in the subsid- 
ence rate during the three years, 1970 to 1973. 
This prediction indicates that the peak in sub- 
sidence rate between bench marks 616 arid (320 
har colnpletely disappeared in 1973. 
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Fig. 5. Estiinated annual rilte of subsidence of the Sr~rtscy Fig. 6. Elevation o f  bench mark GO1 above the surface of the 
profile in 1973 relative to bench mark 601. The  horizonlal pond "ljropi" or above gror~r~d water table at  the pond site. 

scale is distance along the profile, the same as on Fg. 2. The  elevation given is very near 111e nlcan sea level elevation. 
Thc  smooth curve is all eslin~atc of the vasi;ltion o f  elevatio~l 
of  (501 above ~ n c a n  sea level. 

SUl3SIDENCE 01; SIJRTSEY 
111 1967 and 1968 a lake (Dropi) existed on 

Surtsey north ol tlie steep slopes of the principal 
craters. This lake had a very constant elevatiol~ 
during the clays of the levelling work. In 1967 
tile elevation ol this lake .cvi~s compared 1vit11 
the elevatioll o f  a tidal poricl near the north 
shore ot Surtsey, and the slxrfiice elevatiol~ of 
the lake llropi wa5 touncl to be very close to 
mean sea level, prol)ably ; I ~ O L I L  10 ccrlti~neters 
;~bove average sea level. 

In  19(i9 atid 1970 tlie lake 111-opi hacl disap- 
peared. I-Io~vever, the ground water table 1va5 

close to the surface and small wells lvere dug to 
observe tlie water tal~le. 

Figure (i sho~vs the elevation oi bencli mark 
601 ahove the surface of tile lake Dropi (in lS(i7 
;ind 19(i8) ;incl above tlie groul~cl \\later table at 
the site ol the lillte (in 1969 and 1970). 

As the surlace ol the lake Tvas very close to 
mean sea level in  19(i7. it is assumed that the 
water table in 1968 thro1rgl1 1970 at the ~ i t e  of 
the lake \vas also very near mean sea level. There- 
fore the elevation values on Figure (5 give the 
elevatioll ol bench mark (501 ahove mean sea 
level, ~vi th  an accuracy of approximately 10 
centirrieters. 

I t  i\ clear lroixi thcse rneasurernents th,lt bench 
rnarlc (501 has 13een subsiding relative to mean 
sea level. T h e  late ol \ul)siclence is slowing do~vn  
by a tzt~tor of approximately 2 each year. T h e  
rate of 5ubsiclence was prol~ably 15 to 20 (rn pel 
yea1 in 19(i7-68 l)ut ha\ slo~t~ecl do~vii to roughly 
5 clrl per year in 19(i!>-70, resulting in a total 
~u1)sidence oi 30 to 40 centimeters 1)etween 1967 
and 1970. I n  the discussion ot the delormation of 
the 1;1v;l 5urEat e on Snr twy, tlie subsidence of 
eacli bench rnark relative to 601 tvas given. 'To 
obtain the absoll~te s~ibsiclence of each bench 
mark thc snbsicient e of bench ]nark 601 has to 
be addecl to the relative subsidence. 
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