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INTRODUCTION

During the phase of volcanic activity from No-
vember 1963 to June 1967 ,,the course of events®
has been followed by Thérarinsson and his re-
ports include maps of the coast line at different
times (Thérarinsson 1965, 1966, 1967, 1968).
During this period changes in the coast line were
due to combined effects of volcanic activity and
shore processes.

From June 1967 the geomorphic development
has proceeded without interference of volcanic
activity. In September the same year the shore
morphology was preliminary investigated (Norr-
man 1968). These studies were merely intended
to form a basis for a research program that was
later drawn up.

The submarine slopes of Surtsey, the nearby
former islands of Syrtlingur and Jélnir and the
main part of the shoal of Surtla were surveyed
in July 1967 by B. E. T. Humphrey, Royal Navy,
within an oceanographic program carried out by
H. M. Surveying Ship Hecla. This survey has
been reported on by Sigurdsson (1968). Unfor-
tunately, the graphic quality of the sounding
chart reproduced in that report is extremely
poor.

From early June 1968 the author accompanied
by Mr. T. Alexandersson and Mr. T. Lindell,
both of Uppsala University, stayed for 4 weeks
in the area. Mr. Alexandersson has given a se-
parate report in this volume on his studies of sea
bed sediments found in the craters of Surtsey.
During our stay shore sections surveyed in 1967
were resurveyed and new sections were added.
A ground survey for a detailed photogrammetric
mapping was accomplished. Monuments were
permanently signalled for repeated- air photo-
graphy. The submarine slopes of Surtsey and the

shoals of Surtla, Syrtlingur and Jo6lnir were
studied by SCUBA diving down to at most 40 m
of depth. Samples of bed material were taken
and the bottom topography was studied by scat-
tered echo soundings.

The aim of this paper is to give a description
of Surtsey, especially its coastal morphology, in
the summer of 1968—one year after the end of
volcanic activity—and to discuss the develop-
ment of the morphology in relation to acting
forces,

GENERAL CONDITIONS

From a water depth of 130 m Surtsey was
primarily built up by the two tephra cones of
Surtur Senior and Junior. The crater of the
Junior is situated WNW of the Senior (Fig. 1
and Pl 1). During the deposition of tephra
slumping occurred in the slopes.

The loose tephra material is easily eroded and,
as is proved by the short stories of the tephra
islands of Syrtlingur and Jélnir (Thoérarinsson
1966, 1967), Surtsey had no longer been present
as an island if not lava had come to cover the
slopes of its southern quadrants. The lava did
not only cover the subaeril tephra slopes but also
advanced:into the sea, thereby considerably en-
larging the island (Thoérarinsson 1968, Fig.1). An
unknown part of the glowing lava that flew into
the sea was by the rapid cooling fragmented into
cubic particles of pebble size. This size well fits
the bed load transportation of the swash zone
that is of fundamental importance for the forma-
tion of beaches. Presently the main source of new
material brought to the beaches is the lava cliff
of the southern and southwestern coast that by
abrasion produces heavy pieces of lava.

In dry weather wind moves sand from the
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. 1. Terrestrial and submarine topography of Surtsey.




tephra slopes of the craters. The material is partly
deposited at the base of their northern and east-
ern slopes and partly blown into the sea. The
tephra slopes are also affected by mass move-
ments. In the western wall of Surtur Junior
undercutting by waves have caused falls and
stumps which give this wall a characteristic scar
face. In the northern slopes mudflows have
formed a regular furrow pattern.

The coast of Surtsey as developed in 1968
could be divided into a limited number of sec-
tions of specific morphological character (cf.
Fig. 1). High lava cliffs generally with a notch
at the base and vertical walls constitute the
southern and southwestern coast. A lava cliff
of less height and partly covered by a boulder
talus forms the projecting head of the eastern
coast. Boulder terraces are found on the south-
ern part of the east coast and along the cliff
of Surtur Junior on the northwestern coast.

Finally there is the northern ness built out by
beach ridge accretion.

This distribution of coastal morphology impli-
es that the southern to southwestern coast is of
a purely erosional character. The western and
eastern coasts are characterised by a transport
process that only permits extremely coarse
material to be deposited. The transportation
has predominantly been directed towards the
north resulting in deposition on the northern
coast.

The shore processes have considerably
changed the primary coast line configuration. By
cliff retreat irregular projections of the original
lava coast have disappeared. In direct connec-
tion to those by abrasion smoothly curved flanks
of the southern coast, the boulder terraces fill
up concave sections. The characteristic pear
shape of the island is completed by the northern
ness,
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Fig. 2. Wind frequency diagrams for the periods 1931—1960 and July 1967 - June 1968.
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WAVE EXPOSITION

The distribution of wave force can only be
qualitatively discussed on basis of wind stati-
stics fram Heimaey in the Westman Islands as
there are no wave records and there is yet no
quantitative analysis of wave generation based
on air pressure gradients of synoptic charts.
Because of the short distance to Heimaey (20
km) wind statistics from this island can be
regarded to be valid for Surtsey.

The azimuthal wind distribution for the
period 1931—60 (Fig. 2) shows a rather even
distribution for winds from N to S in the west-
ern sector. Winds from SE and E dominate and
the [requency of winds from NE is very low.
For the period from 1 July 1967 to 30 June
1968, of special interest to this report, the
distribution is essentially of the same character
but for a greater dominance of SE winds. Ob-
servations of strong winds of 8 to 14 Beaufort
in the same period are shown in Fig. 2 (C). Again
E and SE winds dominate. The lack of strong
winds from NE and also from NW is striking.

With respect to the wave generation by wind
the limited fetches in directions covered by the
Icelandic mainland must be considered. The
fetch is limited by the south coast of Iceland in
a sector of wind directions from NW to ENE,
and most strongly in directions from N to NE
where the length ol the wave generating sur-
face is only 30—50 km. The importance of the
fetcch may be illustrated by a single example.
With a fetch of 50 km a 15 m/sec wind will
generate a wave spectrum with a significant
wave height of 2.2 m, An almost fully developed
sea generated by the same wind will have a sign-
ificant wave height of 6.1 m that will be reached
at the end of a 2000 km fetch.

In the sector open to the ocean fetch is not a
function of the distance to coasts but deter-
mined by the extension of so called moving
fetches, that in this case generally means areas
of wave generation associated to the low pressure
cells which move over the North Atlantic Ocean.
A preliminary study by Mr. Lindell of synoptic
charts covering the 1967—68 period does not
indicate any strong bias in the distribution of
the lengths of these moving fetches with respect
to wind directions in the Westman Islands.

From this discussion it may be concluded
that wave exposition in a northern sector from
NW to NE is significantly lower than from
other directions. In the remaining southern
sector westerly and easterly components are not
in full balance but the easterly ones prevail. In

the 1967—68 period this skewness was more
pronounced than for the long time average. Of
outmost importance to the coastal development
are the E and SE strong gales and hurricanes
recorded.

BEACHES
The eastern boulder terrace

This beach is deposited along and partly on
top of an indented lava cliff (Fig. 3). Off the
shore there is a platform gently sloping from
4 to 15 m of depth. This platform is covered
by large sand ripples and scattered boulders.

The air photograph of Fig. 3 demonstrates
how the terrace shore line perfectly fits the
curvature of the cliff coast to the south. As can
be seen in the same figure the retreat of this
shore line from 1967 to 1968 is insignificant as
compared to that of the southern cliff coast. In
September 1967 the outermost part of the beach
consisted of two shore parallel ridges. The bottom
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¥ig. 8. Air photograph of the SE coast of Surtsey 6 July 1968,
Coast line of 17 July 1967 marked by white contour line and
shore section across the boulder terrace marked in Dblack.
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Fig. 4. Shore profiles levelled in June 1968. A. Profile from the eastern boulder terrace (cf. Tig. 3). a, well-rounded boulders
0.5—1.5 m in diameter. b, sand gravel and cobbles. ¢, sand. d, sand with scattered angular cobbles and boulders. e, lava cliff.

f, angular boulders, about 0.5 m in diameter. B. Profile from the western boulder terrace. a, summer berm. b, beach ridge.

¢, winter berm. d, talus of Surtur Junior.

of the runnel that separated them was at about
0.5 m below m.s.l. By the shore retreat these
ridges have disappeared. From comparisons of
terrestrial photographs it seems most probable
that the material of the ridges has been thrown
up by casterly gales and thus been incorporated
in the terrace.

The terrace profile is illustrated in Fig. 4 by
one of 6 cross sections surveyed in June 1968,
The uppermost part of the profile is strewn with
boulders which at an early stage of development
were thrown on top of the lava cliff 12,5 m
above m.s.l. These boulders are all very angular.
In the upper part of the section there is also
angular lava gravel that was fragmented by rapid
cooling in the sea. The sand of the middle part
has been redeposited by wind.

The terrace surface slopes evenly towards the
north. Its height at the southern end is 6.5 m
above m.s.l. and at the northern end 4.1 m.
There is a covariation in size and roundness of
the boulders along the shore. Size decreases and
roundness increases towards the north. At the
southern end boulders of about 1—1.5 m in
diameter dominate whereas at the northern end
their size is of the order of 0.3—0.4 m. Already
in the middle part of the terrace the boulders
are well rounded (cf. Norrman 1969, Fig. 6).
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The morphology of the terrace and the
morphometric characteristics of the boulders
clearly show that the material originates from
lava blocks abraded on the southern coast. The
predominant transportation is towards the north
and wave energy decreases in the same direction.
The future development of the terrace mainly
depends on the retreat of surrounding cliffs. A
continued retreat of the southern coast can be
expected to entail some supply of boulders and
an adjustment of the shore line in the south-
ern part of the beach. However, it should be
noticed that an insignificant part of the enormous
masses abraded on this coast in the winter 1967/
68 was brought to the beach (Fig. 8). This is
partly explained by the prevalence of easterly
gales (Fig. 2, C). (For further discussions on
this problem see chapters on cliff retreat and
submarine development). A recession of the
head north of the beach will eliminate the
hindrance to a mnortherly transportation from
the beach. A loss of material in this direction
will cause an adjustment along its full length.

The western boulder terrace

The terrace runs along the foot of the more
than 100 m high tephra cliff of Surtur Junior.
The shore line is almost straight up to the north-









































