solutions indicate that the distribution of hypocentral depths is
well controlled; hence, activity is concentrated in a region beneath the lava lake extending down to about sea level. Some
events occur deeper. The pipelike conduit seems to dip steeply
to the south; east-west cross sections (not shown) show no
component of dip to the east or west. Tectonic microearthquakes were recorded during 1985, but due to the configuration
of the network these events, most of which occur on the periphery or outside of the IMESS array, do not have small enough
vertical or horizontal errors to have been included in the highest
quality data subset.
We wish to thank Katsutada Kaminuma, of the National
Institute of Polar Research, Tokyo, for making available playback equipment in Tokyo and at Scott Base; for his part in
playing back 1985 seismic data at Scott Base, along with assistance from Satoshi Miura (Fred), of Tohoku University and
Mamoru Yamada (Charlie), Nagoya University; and for assistance in scaling the 1985 data. Thanks to Kathleen (Driscoll)
Lawson, University of Alaska Geophysical Institute, and Brian
Lawson, Scott Base, who maintained recording during the 1985
austral winter. We also appreciate technical assistance of Mike
Harman, Scott Base, who assisted in field work during the
1985-1986 season and is providing maintenance during the
1986 austral winter. We also wish to express appreciation to the

U.S. Navy VXE-6 squadron, who once again have provided
expert logistic support.
This work was supported by National Science Foundation
grant DPP 83-00185.

Volcanic activity of Mount Erebus,
1984-1986

discovered and named the volcano in 1841. During the increased activity in 1984, bombs averaging 2 meters wide and
reaching more than 10 meters in length were dispersed radially
around the crater rim, reaching 1.2 kilometers (horizontally)
from the center of the eruption in the inner crater. The eruptions
were witnessed from 60 kilometers away and the explosions
could be heard in the vicinity of McMurdo Station, a distance of
25 kilometers from the vent. Mapping around the summit crater
rim by McIntosh (personal communication) has shown older
volcanic bombs similar in size and distribution to those resulting from the increased activity in 1984. This suggests that the
eruptive pattern may have been similar sometime in the recent
past.
Inspection of Mount Erebus in October, November, and December 1984 showed that the lava lake was gone, although a
small lava pool was seen to be present periodically in late December 1984. There were major changes in the inner crater. The
floor was raised by as much as 50 meters; the steep, in places
almost vertical, walls were replaced by scree slopes; and the
south side of the inner crater wall and rim had collapsed. At that
time, in trying to propose an eruptive mechanism, it was suggested that the lava lake had frozen over prior to 13 September
1984. Gas then built up beneath the frozen crust and domed up
the inner crater floor, which then finally ruptured to give the
large eruptions. This mechanism has now been discounted for
reasons discussed below.
Observations in December 1985, showed the presence of a
small lava lake about 15 meters in diameter, which was situated
in a similar site to the former lava lake. The active vent had
reappeared at the same site it had previously occupied. Overall,
the inner crater started to resemble the morphology and form
prior to September 1984. It was also apparent that the floor of
the inner crater had not been domed up in late 1984 but had
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Mount Erebus has been in a continuous eruptive phase since
1972, when a small anorthoclase phonolite lava lake was discovered (Giggenbach, Kyle, and Lyon 1973). From 1972 until
about 1976, the lava lake expanded to a semicircle about 60
meters in diameter (Kyle et al. 1982). There was little change
until 13 September 1984, when a significant increase in activity
occurred (Kienle et al. 1985). This increased activity peaked
during September and early October but remained at significantly higher levels than the preceding 12 years until January
1985.
From 1972 until September 1984, small Strombolian eruptions occurred two to six times per day and occasionally ejected
bombs from the 220-meter deep inner crater floor onto the main
crater rim (Kyle et al. 1982). Most of these eruptions are believed
to have occurred from the active vent, a small round vent
adjacent to the lava lake. Apparently, the magma froze over in
the 5-meter wide vent, allowing gas to build up beneath the
crust. Gas accumulated until the yield strength of the lava crust
was exceeded and a small eruption occurred.
Eruptions late 1984 were the largest this decade and probably
the largest since those reported by Sir James Ross when he
1986 REVIEW
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instead been filled in by volcanic ejecta from the large eruptions. The ejecta apparently covered up the lava lake and active
vent. Small eruptions during 1985 from the new lava lake and
active vent slowly removed this ejecta and undercovered the old
magmatic system. The elevation of the new lava lake was not
measured, but it appeared to be similar to that of the 1983 lake.
The overall impression is that the convecting magma column
beneath the lava lake has not changed significantly for the past
14 years.
A new model has been proposed to account for the large
eruptions in 1984 (Kyle 1986). It is suggested that a new batch of
volatile-rich anorthoclase phonolite magma was injected at
depth into the magma chamber. This magma slowly moved by
convection until it neared the surface of the lava lake. Because of
the higher volatile content, it started vesiculating at a greater
depth and this resulted in the growth of larger gas bubbles and,
hence, a significant increase in the size of the eruptions. By late
December 1984, most of this volatile-rich magma was either
erupted out or was mixed into the older degassed magma.
Field observations at Mount Erebus in December 1985, were
assisted by Kim Meeker, Anne Wright, and James Moore, all

from New Mexico Institute of Mining and Technology. Field
work was supported by National Science Foundation grant DPP
80-21402.

Seismic studies in Mount Erebus,
Ross Island, 1980-1986

stations in 1981-1982 and by an additional five stations in
1983-1984 and 1984-1985 (Kienle et al. 1982, 1983; Shibuya et al.
1983; Kienle, Kaminuma, and Dibble 1984; Ueki et al. 1984; Baba
et al. 1985). Figure 1 shows the IMESS seismic network in Ross
Island. All seismic signals are transmitted to Scott Base and
recorded on magnetic tapes; additionally, some are recorded on
paper. At various times, acoustic and electric induction data at
the Mount Erebus summit are also transmitted for monitoring
explosions and explosive gas charge from the lava lake (Shibuya
et al. 1983; Kaminuma et al. 1985a).
The space-time behavior of earthquakes that occurred in and
around Mount Erebus in 1980-1982 has been roughly studied
by Kienle et al. (1981, 1982), Takanami et al. (1983a, 1983b), and
Sibuya et al. (1983). A lot of microearthquakes were located on
Ross Island.
The daily number of earthquakes counted at I-looperS Shoulder Station (HOO in figure 1) in 1982-1984 is given in figure 2A,
and the daily number in 1985 is given in figure 2B. Only the
events with S-P time (i.e., the arrival time difference between 5and P-phase) less than 10 seconds were picked and illustrated in
figures 2A and 2B. Teleseisms and local earthquakes which
were estimated to occur outside Ross Island were not counted.
Icequakes, which had a characteristic wave form of higher frequency and shorter duration, also were not counted. The
number of earthquakes in 1982-1984 changed from 20 per day to
over 250 per day.
A new period of volcanic activity at the Mount Erebus summit
started with a number of large explosions on 13 September 1984
(National Science Foundation Report 1984). This activity was
recorded not only by the IMESS seismic network but also by the
seismograph at Scott Base (37 kilometers south) and a tidal
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Mount Erebus (3,794 meters) is presently the only active
volcano in Antarctica. It is located on Ross Island at 77°37S
167°09'E, in Ross Sea. A convecting anorthoclase phonolite lava
lake has occupied the inner crater (200-meter diameter, 95meter depth) within the main crater (500-600-meter diameter
and 15-meter depth) since 6 January 1973 (Giggenbach, Kyle,
and Lyon 1973), when the lake was first discovered. Strombolian eruptions of anorthoclase phonolite lava occur several
times per day from the lava lake and surrounding explosive
vents.
A program to monitor continuously the seismic activity of
Mount Erebus was begun in December 1980 as a cooperative
effort by Japan, the United States, and New Zealand and was
named the "International Mount Erebus Seismic Study" (IMESS).
The project also seeks to identify the internal configuration of
the Mount Erebus magma system and its mechanism of eruption. Originally (in December 1980) a tripartite array with a
vertical, short-period seismograph was installed on Mount
Erebus with radio telemetry to Scott Base (Kienle et al. 1981;
Takanami et al. 1983a, 1983b). This net was expanded by two
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