GEOLOGY AND
GEOPHYSICS




The Submarine Morphology of Surtsey Volcanic Group

JOHN O. NORRMAN AND ULF ERLINGSSON

Department of Physical Geography
Uppsala University
P.O.Box 554, S-751 22 Uppsala
Sweden

INTRODUCTION

The volcanic activity in the Surtsey area,
Vestmannaeyjar, commenced in November
1963 and ended in June 1967, when the island
attained its maximum size (Norrman, 1970).
On Surtsey, two large craters produced most
of the lava that covers the tephra slopes in the
southern half of the island. The lava not only
covered the supra-aquatic slopes, but also ad-
vanced into the sea, thereby considerably en-
larging the island (Thorarinsson 1966, Norr-
man 1980). This lava plateau, with a height of
20 to 100 m a.s.l., rests on tephra and lava
breccia below sea-level (cf. Norrman 1980, Fig.
3). The present degree of consolidation of
these covered deposits 1s imperfectly known,
but has been estimated by Jakobsson and
Moore (1982, Fig. 9). Two more volcanoes,
Surtla and Syrtlingur, were formed ENE of
Surtsey, and another, Jélnir, to the WSW. Be-
fore the eruptions, the depth of the fairly level
sea bed varied between 125-135 m.

At the site of Surtla a submarine eruption
was noticed on December 28, 1963. A volcanic
cone was built up, but did not reach the sea
surface. Syrtlingur was seen above sea level on
May 28, 1965, and had disappeared by abra-
sion on October 24 the same year. J6lnir reac-
hed sea level for the first time on December
28, 1965, and finally disappeared in October
1966. In these islands no lava was observed.
The Surtsey events offer a unique opportunity
to study the early stages of a submarine geo-
morphological cycle.
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MARINE ABRASION

Abrasion in bedrock caused by wave action
is generally thought to produce shallow, al-
most horizontal platforms. The gradient of
the “bench” is normally very slight and from
existing observations seems to be no more
than 0.05% (Zenkovich 1967, p. 155). Summa-
rizing her review of The Marine Cycle, King
(1972, p. 558) states: “Waves cannot erode
rocks below surf-base, which is about 10 m
depth.”

The depths at which unconsolidated sedi-
ments can be set in motion by waves are far
larger as is easily demonstrated by wave dy-
namics formulae (Komar 1976), and also witn-
essed from field observations. “On the basis of
all information available, it is permissible to as-
sume that the base of the submarine beach
slope in an open ocean may lie at a depth of
more than 100 m” (Zenkovich 1967, p. 163).

In many treatments of the transport of un-
consolidated sediments on open coasts, only
one wave height and period is considered, the
so-called significant wave characteristics. How-
ever, the full spectra of wave characteristics
has to be considered, since different waves
have different rates of damping with depth.
The effect of this is illustrated in Norrman
(1964, Fig. 56). It has been demonstrated by
calculations that the “significant wave height”,
in a real environment where there are also
currents to consider, varies with depth (Er-
lingsson 1990, Fig. 74).

Furthermore, the morphologically signifi-
cant property to monitor is not the critical ero-
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sion velocity but the actual sediment transport.
This varies with depth according to the wave
spectra, the grain size, and the current spec-
tra, as illustrated in Erlingsson (1990, Figs. 72
and 75). His calculations showed that with a
specific wave and current spectrum, the trans-
port of coarse sand and gravel will decrease
rapidly with depth. The transport of medium
and fine sand will decrease less rapidly with
depth, actually crossing the former curve at a
certain depth. Under certain conditions, there
will be a mixture of two or even three grain
sizes in the same bottom area.

In a situation where sediment is being trans-
ported down a slope with decreasing transport
capacity, there will be a depth at which the
rate of input is greater than the rate of output.
Erlingsson (1990, p. 131) suggested the term
wave-base deposit for the resulting sediment ac-
cumulation, thus abandoning the disputed
and poorly defined term “wave built terrace”
(as suggested also by Moore and Curray 1964).
Thus, the depth of the “wave-base deposit”
depends on the sediment input, as well as on
the wave and current regime.

THE ABRASION OF THE SURTSEY
VOLCANIC GROUP

There are no published wave records for
Vestmannaeyjar. Wind and wave exposure at
Surtsey have been calculated from meteoro-
logical statistics by Norrman (1970) and by
Bruun and Viggésson (1972). Waves of
morphological importance are mainly gener-
ated by cyclonic depressions moving from the
WSW and the SW. Wind from the southern
semicircle dominate within the moving fetches
of the depressions. Bruun and Viggésson
found 250 nautical miles (1 n.m.=1.852 km) to
be a representative length of fetch for winds
from the W and the SW, and 135 n.m. to be
representative for winds from the S and the E.
Within a sector from the NW to the ENE the
fetch is limited by the Icelandic mainland, and
most strongly so in the sector from the N to
the NE where it is only 16-27 n.m. The north-
ern tephra coast of Surtsey is thus far less ex-
posed to wave attack than the southern lava
coast.

From the southern coast of mainland Iceland,
Viggésson and Tryggvason (1985) have record-
ed the largest significant waves at Dyrholaey (80
km east of Surtsey) to be Hy=8.1 m and T=13.0
s, and at Thorlakshofn (60 km NW of Surtsey)
to be Hy,=10.1 m and T=15.5s.
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The shape of the coastline of Surtsey re-
flects extremely well the distribution of wave
torce: The strong erosion of the southern lava
cliff coast — the north directed littoral trans-
port along the eastern, and western coasts
(where the steep tephra cliff has been consoli-
dated into tuff) — and the deposition that
torms the northern ness, which slightly shifts
position with alternate storm attacks from the
east and the west.

Because of the large depths close to the is-
land, there is little wave refraction, with one
possible exception: The greatest erosion of the
lava cliff is observed on the side facing J6lnir.
If the abrasional platform had protected the
cliff by absorbing some of the energy, that
part of the cliff would have been less eroded.
Instead it appears as if the waves from the
dominating SW direction are refracted over
Jélnir so that the energy that reaches Surtsey
from that direction is reinforced.

Through several expedition to Surtsey by
various parties it has been possible to monitor
the coastal and submarine development from
the last stage of volcanic activity in 1966/67 to
the present. Numerous “Surtsey Reports”
were summarized by Norrman (1980). The
use of photogrammetric surveys carried out
by Landmaelingar Islands, has meant that ob-
servations of coastal and inland changes are
far more frequent than observations of sub-
marine change.

At the end of July 1966 the submarine
slopes of Surtsey were echosounded to pro-
duce a map with 5 m contour intervals (Rist
1967, Fig. 1). In this map the submarine mor-
phology is characterized by a sloping platform
around the island with a width of 100-200 m,
a slope of 1:7 and a depth at its outer margin
of 256-30 m. Off this platform the slope steep-
ens sharply to about 1:2 to 1:3. The steep slope
gradually flattens below a depth of 60 to 100
m. Lack of good positioning makes this map
very difficult to compare with later soundings.

The first complete sounding of the area was
made in 1967 (Norrman 1968). It was followed
up by diving operations in 1968 in order to
study active processes and morphology (Norr-
man 1970). The area was again sounded in
1973 (Norrman 1980), by Sjémaelingar Islands
in 1985, and in 1989 (see below).

The most spectacular phenomena on the
map based on the soundings of 1967 are the
table-like sea mounts produced by abrasion of
the tephra cones of Surtla, Syrtlingur and Jél-




Fig. 1. The survey vessel in front of Surtla I. Surveys can be made at a speed of up to 12 knots; top speed in transit is 30 knots.

nir. From diving observations the plateaux of
these shoals were found to be covered with
rippled tephra and lava fragments, mainly of
coarse sand and granule size. No trace of solid
lava beds was found.

Diving and echosounding at the northern
ness of Surtsey showed a sharp transition
from the platform to the steep slope at a
depth of 12 m. This slope was at the frictional
angle of repose (30°-34°) down to about 70 m,
and below that gradually levelled off. Boul-
ders were deposited at the top of the slope,
and others that had moved down the slope
formed boulder streams. Touching the slope
caused widespread avalanching (Norrman
1970, Fig. 7).

Off the lava cliff on the southern coast, the
platform was found to be covered by large
boulders. At the top of the steep submarine
slope, 150 m from the shore and at a depth of
20 m, giant blocks, some with a diameter of 5
m, were loosely piled on top of each other.
Further down, the blocks were smaller and
coarse sand started to fill up the space be-
tween the boulders at a depth of 30-40 m.
The sand below 40 m was deposited at its fric-
tional angle of repose, which was less than the
boulder slope.

When the depths of the abrasion surfaces at
Surtla, Syrtlingur and Jélnir from 1967, 1968
and 1973 were plotted versus time since the is-
lands disappeared below sea level (Norrman
1980, Fig. 7; see also Jakobsson 1982, Fig. 2), it
was found that the shoals had been lowered
rapidly down to about 20 m b.s.l. (ca. 1.5 yrs).
Thereafter the abrasion slowed down most
markedly at the rather sheltered Syrtlingur,
far less at the freely exposed Surtla (down to
40 m), and intermediately at Jélnir (down to
30 m).

In a recent paper by T. Sunamura (1990),
these data (excluding Syrtlingur) have been
used to verify his model for describing sub-
marine bedrock erosion, considering the
wave-induced shear stress as the primary force
causing abrasive bedrock lowering. The “de-
sign wave” is represented by a mean of the
maximum wave records from Dyrholaey and
Thorlikshofn: H,=9 m and T=14 s. Sunam-
ura finds the wave base below which abrasion
is insignificant to be 54 m, and 95% of this
abrasion is reached within 10.7 yrs.

FIELD SURVEY
The 1989 expedition was focused on study-
ing the submarine morphology and processes.
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Fig. 2. Topographical map based on soundings from 1967 and air photos taken in 1968. The contour intervals is 10 m, with the
coastline emphasised. Jolnir is the volcano to the west of Surtsey, and Syrtlingur on the east of it. Surtla is outside the map in the di-
rection ENE (cf. Fig. 5).
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Fig. 3. Topographical map from 1973/1975 (cf. Fig. 2).
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Fig. 4. Topographical map from 1988/1989 (cf. Fig. 2).

Fig. 5. Side-scan sonar mosaic of the bottom around Surtsey (the island occupies the empty space in the centre). Surtla can be seen
to the far right. The background lines mark a 1 km® grid (cf. Figs. 24}, and the arrow points to three volcanic plugs at 110 m depth
(see text). The former position of the western coastline of Surtsey can be seen as the border between large blocks on the bottom
(speckled area) and the lava breccia sand (uniform dark tone). See also Fig. 6.






























