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INTRODUCTION 
This report is based on field studies, carried 

out by the authors in July 1972, aerial surveys of 
15 July 1971 and 7 August 1972 (Fig. l ) ,  and 
comparisons with results of previous investiga- 
tions by the senior author ( N o r r m a n  1968, 1969, 
1970, 1972a and b). The  airn of the 1972 studies 
was to rnap the distribution of tephra soil over 
the lava areas, to study differentiation in tephra 
soil by geomorphic processes, to evaluate the use 
of photogrammetric ground surveys in studies of 
the morphology of steep walls and finally to de- 
terniine coastal changes during the last two years. 

SOII, STUDIES 
Soil dis tr ibl~t ior~ 

One of the factors that seriously limits the pro- 
gress of plant colonisatioll on Surtsey is the mo- 
bility of the soil (Schwabe 1970, 1971a, b). The 
main part of the loose material on the island is 
made up of tephra either found as originally de- 
posited after volcanic eruptions or redeposited 
after transportation by slope processes, by 
action or by wind drift. The other soil source is 
the lava. An unknown part of the glowing lava 
that flew into the sea was by the rapid cooling 
fragmented into cubic particles of pebble size. 
Very coarse material is also produced by wave ab- 
rasion of the lava cliffs. The distribution of these 
shore products is confined to the beaches and the 
flood deposits of the northern ness. Weathering 
products from the lava plateau surfaces still play 
a quantitatively insignificant role. 

With regard to the distribution pattern and 
grain size the tephra produced by the two Surtsey 
craters - Surtur I and I1 - may be divided in 

two original main types. There is on one hand 
the tephra, that fell down close to the funnels 
and built up the high tephra cones, and on the 
other one the material that was blown farther 
away by the wind and formed covers that gradual- 
ly thinned out from the source (Tlrorar insson 
1967, Fig. 5.2,3). The first type is characterized 
by its wide range of grain sizes irom boulders to 
silt (ior size analyses cf. Sher idan  1972), the lat- 
ter by its narrow range of sand and silt and rather 
good sorting. Such tephra sand was not only de- 
posited on Surtsey from its own craters but a150 
from the short lived volcanic islands of Syrtling~ir 
arrd J6lnir. In the south-eastern part of Surtscy 
all original tephra was covered by the final lava 
llow from Surtur I. 

The interior crater slopes include very little of 
fine material, and the domi~lai~t  slope processes 
are individual particle fall and avalanching as 
has been found from the stratification in sample 
pits dug in these slopes. The exterior slopes are 
alternately aitected by mudflows, generated by 
heavy rains and by aeolian processes in draught 
periods (cf. Jakobsson 1972, Fig. 1, Nor rman  
1972~1, Fig. 5 ,  and Nor rman  1972b, Fig. 1). 
Erosional as well as depositional forms are crea- 
ted by these agencies. In the summer of 1972 
erosional features strongly dominated the north- 
ern slope of Surtur I . I ' (F~~ .  7a). 

On the rim and the upper interior slope of the 
Surtur I tephra crater there is no longer any loose 
material as the tephra by consolidation and pala- 
gonitization has turned into hard rock (Jakobs-  
son 1972), and no new aeolian deposition can 
take place in this exposed area. Inside the same 
crater and on the lower parts of the saddle be- 



tween the two craters there are considerable de- 
posits of wind blown sand with distinctly rippled 
surfaces. T h e  same type o f  cleposit is also found 
on the south-western margin of Surtur 11. 

T h e  cover of sandy tephra on the lava plateau 
south oli the southern crater slopes shows few 
specific form elements that car1 be attributed to 
aeolian reworking. 

A substrate map, showing the extent of sand 
coverage, was published by Fr id r iksson ,  Mag-  
nusson  arid Sve inb jornsson  in 1972. 'Tile class 
lirnits used in their investigation (from 1970) 
were rather wide, and it was found desirable to 
produce a niap with a more differentiated set of 
sand coverage classes. I n  our mapping the per- 
centual coverage was estirrlated by visual judge- 
merit in the field (Fig. 2). T h e  metl~od includes 
some subjectivity, but frorn check areas indepen- 
dently classified by two members of tile team the 
distribution pattern in Fig. 3 could be regarded 
valid. 

T h e  prirnary area of investigation was the 
southern part of the island south of the tephra 

Fig. 1. Aerial photograpll of Surtscy Island, 7 Augttst 1972. cOlleS. T h e  (Fig, 3) sllows, cvith the excep- 
The  nrs. 1-5 denote tcst arcas for terrcstcr photogrammetry. tiorl of the topographically distinct lava front 
Site nr. 3 is exctriplificct in Fig. I). Pl~otograph by Landm;el- 
ingar islands. south of Surtur 11, a tendency for diminishing 

Fig. 2. Exalnples of sand coverage classes. A: < lo%, B:20-40%, C: 40-GO%, D: 60-80% (centre), > 80% (foreground). For loca- 
tion of ~~hotographs  see letters A-D in Fig. 4. Photographs by B. Calks. 



Fig. 3. Map sllowil~g the distiibu- 
tion of shore inate~ial ,  primary 
tepllia and lava a x a s  covered by 
tephia sand. I.ege1ld: I. < 10% 
sand cover, 2. 10-20%, 3. 20-40%, 
'1. 40-GOO/,, 5. 60-goo/,, 6 .  > 80%, 
7.  P i i m a ~ y  tephra cones, 8. Shole 
5edinienLs. 

amounts of sand with an increased distance from 
the craters, and then again some increase along 
the south-western coast. The naked south-eastern 
plateau, that was covered by the last lava flow 
from Surtur I in 1967, stands out sharply in con- 
trast to the various coverage in the areas, which 
received tephra not only from the Surtur erup- 
tions but also from J6lnir. Eruptions from the 
latter one are most probably responsible for the 
secondary maximum at the coast. From the nlap 
it may be co~lcluded that over the lava area there 
has been little redeposition by wind of sancl since 
the intense tephra productioii period. This con- 
clusio~i is also evidenced by the detailed sand sur- 
face morphology, as previously mentioned. 

Grain size distribution of tephra sand 
Samples for grain size analysis were collectecl 

from 14 different sites in areas outside the tephra 
cones (Fig. 4). For comparison a sample from the 
outer slope of Surtur I1 has been added. The 
cumulative distributiori curves are shown in Fig. 
5. 

In order to avoid bias effects froin very local 
surface phenomena channel samples from the 
upper 5 cm of' the soil were taken. Each sample 
consisted of 200 to 5003 gratmmes of soil. 

The material was dry sieved on U.S. Standard 
%inch. sieves with one phi intervals. For the 
parts of the samples finer than 4 phi units pipette 
analysis according to Andreasen was used. The 



1;ig. 4. Sampling sites for grain size analyses (1-15) arid location 
of pllotographs shown in Fig. 2 (A-D). 

Fig. 5. Grain size distribution curves for samples from tcphra 
sand in the lava area (1-15) and for one sample of prilrlary 
tcphra from the cone of Surtur 11. For sampling lotatio~ls scc 
Fig. 4. 

Fig. 6. Density determinations for individual grain-size classes of samples nrs. 1-14. 



Fig. 7. A. Mud How iills in the tcphra slope SW of the rcscai~li  111tt have been erotlcd by wind drift Lratlsvcrsc to the slopr 
direction. Aerial pliotoglapll of 7 August 1972. B. S;tmplr sites for 1111 and couclucLivity drtcrminations. Hrtght contours 01 1970. 

percentual cumulative weight distribution was 
plotted on a log-probability scale (phi units), and 
the statistical parameters ( T A B I Z  1) were gra- 
phically determined according to I n m a n  (1952). 
As can be seen Irorn the graphs (Fig. 5) the dis- 
tribution generally difler from the log-normal 
(straight line) by being slightly up~vard concave. 

All samples from the lava plateau at the south- 
west coast except nrs. 1 and 8 have a median 

'TAUL,E 1 
Medi ;~l~ ,  rne:tti, stand;~rd deviation and ske~vl~css (in (1)-ul~its) 
of  grain-size tlistributions for sand samples from tlrc lava area 
(nrs. 1-15) and from the original tcphra of the ~ ~ o r t h e r n  s l o p  
of Surtur 11 (nr. 16). 

Salnplc ILIcIcJ, Ma) (T Q 

1 1.40 1.51 0.91 0.12 
2 2.70 2.80 1.42 0.07 
3 1.30 1.54 0.94 0.26 
4 2.80 2.81 1.39 0.01 
5 2.18 2.5 1 1.70 0.20 
6 2.32 2.48 1.41 0.1 1 
7 2.40 2.70 1.73 0.17 
8 0.80 0.98 1.05 0.17 
9 1.52 1.52 1.09 9.00 

10 0.29 0.48 0.99 0.19 
11 0.07 0.40 1.57 0.2 1 
12 0.70 0.90 1.50 0.13 
13 -0.55 -0.1 1 1.59 0.28 
14 0.65 0.73 0.86 0.09 
15 0.39 0.49 0.96 0.10 
16 -0.08 0.83 3.20 0.28 

value of 2.2-2.8 phi and contain ca. 15-20% mate- 
rial finer than 4 phi (Fig. 5). Samples 1 and 3 
have a median of 1.3-1.4 phi and contain less 
than 2% Liner than 4 phi. T h e  samples nrs. 8-15 
lrom deposits close to the crater slopes have all 
but one a median coarser than 0.8 phi and con- 
tain 1-401, finer than 4 phi. 

T h e  first set of samples has a suspendecl loacl 
character arid can be regarded mainly to contain 
particles permanently scttled already during the 
active eruptive phase. There has been some ero- 
sion, and silt from dust cloucls, carriecl by wind 
from the tephra slopes, may have been adcled. 
T h e  second set consists of material, that has 
generally beer1 transported a short clistance and 
close to the ground in jumping and rolling mo- 
tions. This material has gradually accumulated 
since the end of the eruptions not only by clefla- 
tion in the interior crater slopes but also by trans- 
portation from the northern part 01 the island 
along the eastern outer slope of Surtur I. This 
transport route is markecl by the narrow curved 
strip of highest coverage (black) in Fig. 3. 

Variation in density wilh grain size 
Because of the visible presence of gas bubbles 

in the tephra grains there was reason to suspect 
the density of the material to vary with grain size. 
For grain size analysis using sedimentation met- 
hods it is essential to know if there are systematic 
variations, and therefore some tests were carried 
out. This preliminary study gave such variable 
















