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Surveillance of the activity associated with the anorthoclase
phonolite lava lake at Mount Erebus continued during the
1982-1983 austral field season. All authors participated in the
field study. The summit crater was visited by U.S., New Zea-
land, and Japanese scientists on several occasions between
November 1982 and February 1983. The lava lake was still pres-
ent and the pattern of activity was similar to that observed over
the past 6 years. The lake continued to show simple convection,
with magma welling up from two sources about a third of the
way from each end of the lake and welling down around its
edges and along a zone running across the middle of the lake.

First discovered in December 1972 (Giggenbach, Kyle, and
Lyon 1973), the lava lake gradually increased in size over a 4-
year period and eventually formed a semicircular lake about 100
meters long by December 1976 (Kyle et al. 1982). Since 1976, the
lake area has stayed fairly constant.

Observations of the lake level are always obscured by the
gases emitted from the lake. Although a slight lowering of the
lake surface has been reported over the last 4 years, an examina-

tion of photographs suggests that this is relatively minor, but
exactly how much lower the lake surface is not known. Sim-
ilarly, no major deformation has been observed using precise
surveying methods (Kyle and Otway 1982).

The lava lake represents the top of a magma column which is
connected at depth to a magma chamber. Preliminary calcula-
tions based on knowing the present rate of degassing of sulfur
dioxide, knowing the initial and present-day sulfur content of
the magma, and assuming about 80 years of activity, suggest the
magma chamber beneath the lava lake is about 1 cubic
kilometer.

As in previous years, small strombolian explosions continued
to occur at rates of two to six per day. Volcanic bombs ejected
onto the crater rim were collected for the study of the petrologic
and geochemical evolution of the lava lake. To date no change
has been observed in the degree of crystallization or chemical
composition of the magma.

This past field season, 1983, marked the third year of con-
tinued operation of a permanent, radio-telemetered, short-
period seismic array designed to monitor the long-term seis-
micity associated with the volcanic activity at Mount Erebus (see
also Kienle et al. 1982). The program, the international Mount
Erebus seismic study, involves scientists from the U.S., Japan,
and New Zealand. An original tripartite array of short-period
seismic stations was installed in December 1980. During the
1981-1982 field season, this array was expanded by two sta-
tions. All stations have single-component, vertical seis-
mometers. The summit station also transmits acoustic data to
monitor explosive gas discharge from the lava lake. Another
data channel is used to monitor electromagnetic signals induc-
ed by the eruption of conducting magma in the static field of the
Earth in a wire loop laid around the summit crater. The current
network of five stations was serviced and upgraded during the
1982-1983 field season. Most of the microearthquakes recorded
over the past 3 years occurred beneath Mount Erebus proper.
Figure 1 shows as an example the hypocenters of 75 events that
were located between 23 December 1981 and 18 January 1982.
All but one of these events were positively correlated with
acoustic and sometimes electromagnetic signals. We interpret
these events to be explosion earthquakes associated with strom-
bolian eruptions from the lava lake.

A more detailed analysis of 162 earthquakes selected from a
catalog of 1,000 events recorded during the 1981-1982 season
showed two principal distributions of hypocenters which
Shibuya et al. (in press) called type 1 and type 2 events. Type 1
events were located centrally beneath the summit crater of
Mount Erebus and had a vertical, pipe-like, hypocenter dis-
tribution extending from sea level to the 3,974 meter high sum-
mit, similar to the hypocentral distribution shown in figure 1.
Type 1 events are positively correlated with acoustic signals and
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Figure 1. Hypocenters of 75 microearthquakes recorded from 23 December 1981 to 18 January 1982 (east-west section across Mount Erebus,
Ross Island). Seismic stations shown as solid triangles, "ABB" denotes Abbott Peak Station; "HOO" denotes Hoopers Shoulder Station; "ERE"
denotes Mount Erebus Summit Station; "BOM" denotes "Bomb" Station; "km" denotes kilometer.

can be subdivided into a shallower and a deeper subset with
different wave-forms of the associated acoustic signals. Explo-
sion earthquakes with hypocentral depths greater than 2 kilo-
meters produce sharp, impulsive, relatively high-frequency
acoustic waves. Shallower events (up to 2 kilometers depth)
produce low-frequency, emergent, sinusoidal acoustic waves.
The different acoustic and seismic characteristics of the two sets
of type 1 events are controlled by the depth, energy partition,
and mechanism of different types of gas eruptions, a problem
Dibble is currently investigating.

Type 2 events are also located centrally beneath the main
volcanic structure of Mount Erebus but show much larger epi-
central scatter. The events are generally of smaller magnitude
than type 1 earthquakes and are not associated with acoustic
signals. Their hypocentral depths are also greater, extending
from sea level down to a depth of about 10 kilometers.

On 8 October 1982 an unusual earthquake swarm was record-
ed from a new source region on Ross Island. On that day almost
700 events occurred near Abbott Peak, a station 10 kilometers
north-northeast of the summit of Mount Erebus. At this time we
do not have reliable magnitudes for the events, but the fact that
some of them were recorded at Scott Base and Mount Terror, 45
and 50 klometers away, suggests that the largest earthquakes
had a local magnitude of about 2. Figure 2 shows epicenters
(left) and shows an east-west hypocentral section across Ross
Island (right) of the October swarm events.

The locations of the October swarm events shown in figure 2
are based on a crustal velocity model, where relatively low

velocity volcanics of the Mount Erebus pile [P-wave velocity (Vp)
equals approximately 2 kilometers per second] overlie
glaciomarine sediments which in turn overlie crystalline base-
ment (model adopted from Wilson et al. 1981). Nagata (this
issue) shows epicentral solutions for the same data set calcu-
lated by the project's Japanese collaborators, based on a simple
half space P-wave velocity model of V = 2.1 kilometers per
second and a P-wave to S-wave velocity ratio of V 1,/V, 1.7. The
rather large epicentral (approximately 10 kilometers) and hy-
pocentral (approximately 5 kilometers) differences between the
two sets of solutions are due to the vastly different crustal
velocity models used and illustrate the critical need to define a
better model. Obviously, the two sets of solutions presented
should be considered preliminary because of the large uncer-
tainties in the velocity models used.

If we chose the solution presented in this paper (figure 2), it is
interesting to note that the epicentral region of the 8 October
swarm, located about halfway between Mount Bird and Mount
Erebus, roughly correlate with an area that apparently was
hydrothermally active in 1908. T. W. E. David, R. Priestley, and
J. Murray, all members of the 1907-1909 British antarctic expedi-
tion (Shackelton 1909), reported steam clouds in April 1908 and
a major steam eruption ("geysir") on 17 June 1908, rising from a
source region at the 600-meter level on the south-southwest
slope of Mount Bird. A tall jet of steam erupted from the same
place on 8 September 1908. Kyle has investigated rock outcrops
in this area in recent years but could not find any sign of
hydrothermal activity. It is possible that the 8 October earth-
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Figure 2. (Left) Epicenters of 92 microearthquakes recorded 4-13
October 1982. Seismic stations shown as solid squares. Inset map
shows Ross Island: "B" denotes Mount Bird, "E" denotes Mount
Erebus, "T.N." denotes Mount Terra Nova, "T" denotes Mount Terror,
and "S.B." denotes Scott Base.

Figure 2. (Right) Hypocentral cross section for data set shown in top
figure (east-west section across Ross Island). Seismic stations
shown as solid triangles.

quake swarm may have been related to renewed magma move-
ment (perhaps dike injection) at depth. Because the microearth-
quake swarm was well-removed from Mount Erebus, we
believe the dike emplacement was not from the Erebus magma
chamber system but possibly represents a new batch of magma.
If this magma reaches the surface, a parasitic volcanic vent may
form-and it is worth noting that parasitic vents are rare on
Mount Erebus. Emplacement of a new cone may result in some
explosive volcanic eruptions and the possibility of lava flows
down the flank of Mount Erebus.

The time sequence of the earthquake swarm and periods of
tremor observed at the Abbott Peak station on 8 and 9 October
are given in the companion paper by Nagata (this issue). The
most intense phase of the earthquake swarm lasted only about
12 hours. Figure 3 shows the sudden onset of the swarm on 8
October at 02:48 universal time.
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Figure 3. Onset of 8 October 1982 microearthquake swarm at 02:48 universal time. The swarm lasted about 12 hours and may have been
associated with dike injection at depth between Mount Erebus and Mount Bird. ("ABB" denotes Abbott Peak Station; "HOO" denotes Hoopers
Shoulder Station; "BOM" denotes "Bomb" Station; "TEA" denotes Mount Terror Station; "SCO" denotes Scott Base Station.)
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