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INTRODUCTION

The scientific value of a Surtsey drilling pro-
gram was first conceived shortly after the erup-
tion ceased (Proceed. Surtsey Res. Conf., Reykja-
vik, June 1967, p. 73), because of the excep-
tional opportunity to study the development of
a historic, well-studied, oceanic volcano from
its inception on the seafloor, through the for-
mation of a volcanic island, to the modification
of the volcanic edifice by hydrothermal proces-
ses.

However, mainly because of problems con- .

cerning funding, the project was not realized be-
fore 1979. In January 1979, a drilling proposal
was approved as a cooperative scientific effort by
the Geothermal Research Program of the U.S.
Geological Survey and the Icelandic Museum of
Natural History.

The purpose of the drilling was mainly to pro-
vide constraints on 1) the nature of basaltic sub-
marine volcanic activity from vents in the depth
range from about 130 m to sealevel, and the com-
position of rocks erupted during the course of the
submarine eruption; and 2) hydrothermal pro-
cesses, including the nature of palagonitization of
the basaltic hyaloclastites and formation of se-
condary minerals, and, 3) the thermal history
both above and below sea level as indicated by
thermal logging and character of alteration.

The drilling was performed by the Icelandic
State Drilling Contractors from June 29 to Aug-
ust 22, 1979, during 34 days of active drilling.
Frequent storms made the drilling conditions ar-
duous with high winds, producing sand storms,
and heavy seas causing frequent disruption of the
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seawater intake pipe and difficulties in landing
men and equipment on the beach in a rubber
dinghy. However, on the whole the drilling ope-
ration was successful and core recovery was ex-
cellent. The scientitic party, consisting of Sveinn
P. Jakobsson, James G. Moore, Olafur Ingolfs-
son and Bjarni Kristinsson, monitored drilling
progress, logged core, and made detailed studies
of surface geology. The drilling costs, excluding
post-drilling science, amounted to $119,000, of
which 24 percent were transport costs. This was
about 8 percent above the projected expenditure.

THE GEOLOGY OF SURTSEY

Eruption history

The eruption history of Surtsey and the two
adjacent temporary islands is well known through
the work of Thorarinsson et al. (1964) and Thor-
arinsson (1965, 1968), and has been outlined
previously along with preliminary drilling re-
sults (Jakobsson & Moore 1980). However, since
the history of the Surtsey eruption is of vital im-
portance in understanding the drilling results,
the main events are listed below, and further
summarized in Table I.

The visible eruption started with phreatic ex-
plosions from a 300-400 m long fissure trending
035° on November 14, 1963. Presumably the
eruption broke through the sea floor a few days
before it became visible. The most recent pre-
eruption soundings in the Surtsey area were made
in 1901 by the Royal Danish Hydrographic Office
(Copenhagen 1931), and the closest measure-



TABLE I
History of the Surtsey eruptions.

Submarine activity (Surtla) ceased 2.5 km castnortheast of Surtsey after building a submarine

Explosive activity begins visibly at site of Syrtlingur 0.6 km ecastnortheast of Surtsey.

Submarine eruptive activity probably began on ridge 1 km southwest of Surtsey (site of later-

Vent on outer north slope of eastern tephra cone erupted lava which flowed into north lagoon.
Vent on inner north wall on eastern tephra cone erupted lava which flowed south past drillhole

Two curved faults formed on inner east wall of castern tephra cone and the lower one erupted

Year Mo Date
1963 Nov. 8—12 Approximate beginning of eruption on sea floor?
Nov. 14 Tivst visible explosive activity broke sea surface in vicinity of eastern vent,
Nov. 15 First appearance of island of Surtsey.
Dec. 28 Submarine activity (Surtla) became visible 2.5 km eastnortheast of Surtsey.
1964 Jan. 6
ridge more than 100 m high.
Jan. 31 Activity ceased at eastern Surtsey vent,
Feb. 1 Explosive (phreatic) activity began at site of western Surtsey vent.
Mar. 19- Apr. 1 Surtsey northern lagoon formed.
Apr. 4 Surtsey western vent ceased explosive activity and began effusive phase.
Apr. 29 Effusion of lava ceases from western Surtsey vent.
May-July Probably some lava extruded (submarine) on the seafloor southwest of Surtsey.
July 9 Effusion (visible) of lava resumes from western Surtsey vent.
1965 May 11? Submarine activity at site of Syrtlingur may have begun.
May 17 Effusion of lava ceases from western Surtsey vent.
May 22
Oct. 17 Explosive activity of Syrtlingur has ceased.
QOct, 24  Syrtlingur completly washed away.
Gct. end?
appearing Jolnir).
Dec. 26 Visible explosive activity southwest of Surtsey,
Dec. 28 TFirst appearance of the island of Jélnir.
1966 May late Fault-bounded lagoon appears on north side of Jélnir.
Aug. 10 Phreatic activity of Jolnir ceases.
Aug. 19 Effusive activity started from Surtsey ecastern vent.
Oct. 31 Jolnix completely washed away.
Dec. 12-17 Vent on inner northwest wall of eastern tephra cone erupted small lava flow.
1967 Jan. 1-4
Jan. 1-8
site.
Jan, 2 Vent on outer northeast stope of eastern tephra cone erupted tiny lava flow.
Jan. 2-7
small lava flow.
June 5 Effusive activity ceased at Surtsey eastern vent.

ments to the drill site show a water depth of 128
m 1.5 km east. From the general bathymetric
configuration we estimate preeruption water
depth at the drill hole site to be 130 == 5 m. The
island was born on Nov. 15, and grew rapidly
in size. On January 31, 1964, the eruption ceased
in the eastern vent (Surtur I) which had been
active until then, but broke out the following
day in a northeast trending fissure on the north-
west side of the crater (Fig. 1A). On April 4,
1964, the eruption in the western crater (Surtur
IT) changed over to an effusive phase, as the
island was then obviously large enough to iso-
late the vent from the inflow of seawater. Bet-
ween December 28, 1963, and January 6, 1964,
submarine activity was visible about 2.0 km
eastnortheast of Surtsey. A submarine ridge, call-
ed Surtla, was built up to more than 100 m in
height but did not reach the sea surface.
Effusive Hawaiian-type activity continued in
the western crater (Fig. 1B and Fig. 2) until
May 17, 1965 and gradually built up a flat lava

plain towards the south, while foreset-bedded
(flow-foot) breccia formed at the front below
sea level at the same time.

Explosive activity appeared on May 22, 1965,
at a site about 600 m eastnortheast of Surtsey. A
small island, Syrtlingur, was formed and reached
a height of 70 m. This island was washed away
by wave action a few days after the eruption
ceased about October 17, 1965. Another island,
Jolnir, was created by submarine activity some
800 m southwest of Surtsey on December 26,
1965. Eruptions continued until August 10, 1966,
and the island disappeared in Jate October of
that year.

On Surtsey, new eruptions started on August
19, 1966, when a ca. 220 m long fissure opened
up on the floor of the eastern crater (Surtur I),
which had been inactive since the end of Janu-
ary 1964. From this fissure (Fig. 1C), lava flow-
ed incessantly during late 1966 and early 1967,
and was last seen to flow on June 5, 1967. Bet-
ween December 12-17, 1966, another fissure
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Tig. 1. Air photographs of Surtsey, taken by the Icelandic Geodetic Survey, In all photographs north is toward the top. A)
February 17, 1964; phreatic eruptions issue from the western tephra crater; the eastern crater which ceased activity on January
81, is partly filled with lake. B) April 11, 1964; activity in the western crater became effusive on April 4, and lava flows
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enlarged the island southward; the eastern crater has been covered with a blanket of tephra from the western crater. C) Octo-
ber 2, 1966; effusive activity from vents within the eastern tephra crater. D) July 20, 1979, 12 years after eruptions ceased. The
location of the drill site is indicated with a black arrow. Published with the permission of the Icelandic Geodetic Survey.
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Fig. 2. Geologic map of Surtsey, based on topography of 1975 by Norrman (1978). The extensive western vent lava flows of
April 1964 — May 1965 and east vent lava flows of August 1966 — June 1967 arc shown by pattern. The small flows of Decem-

ber 1966 — January 1967 within and on the flanks of the east vent arc shown separately. Known fissures and faults (teeth on

downthrown side) are indicated. Elevation contours in meters arc shown by dashed lines.
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