
tients of the physical property contrasts for the inferred sources
to facilitate further geologic investigation and modeling.

This research was supported by National Science Foundation
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Continued surveillance of volcanic
activity and seismicity of Mount

Erebus, 1985-1986

C.A. ROWE and J . KIENLE

Geophysical institute
University of Alaska

Fairbanks, Alaska 99775-0800

Observations of seismicity on Mount Erebus and seismic data
retrieval continued during the 1985-1986 austral field season.
The lava lake, which during 1984-1985 had crusted over and
given rise to anomalously violent explosive activity, again was
openly convecting and behaving as it had prior to 1984. Seis-
micity likewise returned to normal levels.

Mount Erebus's summit lava lake is situated in an inner pit
crater 220 meters across and 95 meters deep, within the main
summit crater which measures 550 meters across and 120
meters deep (Kienle, Kaminuma, and Dibble 1984). The lava
lake has been in existence at least since 1972, when it was first
observed (Giggenbach, Kyle, and Lyon 1973). This anorthoclase
phonolite lake typically gives rise to two to six Strombolian
explosions daily, which are recorded by the seismic array on
Ross Island (Kienle et al. 1984, 1985).

Eruptive activity changed dramatically in September 1984,
when explosions became far more numerous (up to 200 per day)
and many large eruptions occurred. The most notable was an
explosion on 13 September 1984, which sent an eruption col-
umn to 5,000 meters and was heard at McMurdo Station, 37
kilometers away; it produced long-period seismic waves, which
were recorded by a gravimeter at South Pole Station, 1,400
kilometers away (Kienle et al. 1985).

Elevated activity levels continued into January 1985; numer-
ous reports of explosions were made during the early 1984-1985
field season by personnel at both McMurdo Station and
Williams Field, 50 kilometers from the summit. By mid-March,
seismicity had returned to normal levels and continued so
through 1985. Observations made during the 1985-1986 field
season indicate that once again there is an active, openly con-
vecting lava lake in the inner crater. At the time of observation,
the lava lake was approximately 15 meters across. Kyle (1986)
interprets the sequence of events associated with this eruptive
phase to be a manifestation of two possible scenarios: (1) either
the lava lake had frozen over as a result of cooling or withdrawal
of the magma column, which has since been restored to its
previous height, or (2) the inner crater had become clogged with
ejecta, which has since been assimilated back into the magma
column or ejected by small explosions.

Seismic observations continued through 1985 with the ver-
tical component, high-gain stations which have been installed
on Ross Island within the framework of the International
Mount Erebus Seismic Study (IMEss), a cooperative effort
among Japanese, New Zealand, and American seismologists.
The IMESS network originally consisted of three stations. This
tripartate array, which was installed in 1980, has since been
expanded to the current station configuration (figure 1). Sta-
tions are powered by 12-volt batteries, which are recharged
during summer months by solar panels at each station. Data
from all stations are telemetered to Scott Base, where records
are kept on magnetic tape and helicorder charts.

In the 1984-1985 field season, stations were installed at Cape
Barne, Crash Nunatak (77°26.67'S 167°33.55'E), Truncated
Cones (77° 32.055'S 167°04.44'E), and Mount Erebus summit
(replacing the summit station which was damaged early in the
1984 eruptive phase) (figure 1). This new configuration was
designed to provide both optimum sampling of the volcano
during the seismic refraction shooting carried out that season
and better station coverage for future data collection.

The IMESS array heretofore has not recorded during the austral
winters, because batteries are not recharged during the dark
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Figure 2. Daily event counts from Hoopers Shoulder or Truncated Cones helicopter records. Time period is from 13 September 1984 to 31
December 1985. Single anomalous peak in late January is probably the result of icequakes.
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Figure 3. Seismicity recorded with IMESS network during 1985. A. Epicentral locations of all 1,061 events which were located from 1985 data set.
B. 108 best-located events from above data set. Selection criteria were: root mean square travel time residual less than or equal to 0.1 seconds,
greatest vertical and horizontal deviation of error ellipsoid less than 5 kilometers. C. North-south cross section projected on a plane through the
summit of Mount Erebus, showing hypocentral depths for events plotted in B. ("KM" denotes "kilometer:')

months and stations cease to operate. In the 1984-1985 field
season, however, several extra batteries were added to Hoopers
Shoulder and Truncated Cones stations; hence, in 1985 we were
able to maintain recording through the austral winter for the
first time.

Station coverage was reduced during this time (9 August
through 5 November) to Hoopers Shoulder and Truncated
Cones stations plus Scott Base, so we are unable to locate events
which were recorded between these dates; however, year-rou-
nd records of seismicity levels are now possible through contin-
uous recording at these stations. Figure 2 shows daily event
counts beginning September 1984 through December 1985.
Since returning to normal levels in March 1985, following the
eruptive phase of 1984, seismicity has continued at the usual
background level of two to six events per day, with a small
increase in late July and a brief decline during September 1985.

Field work during the 1985-1986 season was limited to repair-
ing the station at Three Sisters Cones, installing an additional
solar panel and two new batteries there, and removing the
station at Cape Barrie. Data recovery, playback, and preliminary
analysis were conducted at Scott Base and McMurdo Station
from November 1985 through February 1986. All 1985 seismic
data were played back from magnetic tapes, and these events
were analyzed for amplitudes and arrival times. Upon return
from McMurdo Station, we loaded the data onto our VAX
computer and located some 1,200 events using the earthquake
location routine, FIYPOELLII'SE (Lahr 1982) which was obtained
from the U.S. Geological Survey Menlo Park office.

Data recorded during 1985 has provided the best set of vol-
canic event solutions to date. The seismic refraction experi-
ments conducted on Ross Island during the 1984-1985 field
season has enabled us to improve our velocity model for the
volcano (Rowe and Kienle in press), which in turn aids us in
more accurately locating earthquakes recorded with the IMESS

network. Operation of seismic stations at Crash Nunatak, Trun-
cated Cones, and Mount Erebus summit provides high-quality
data with better depth control than previously possible, despite
difficulties with severe crosstalk on all channels for most vol-
canic events.

Figure 3 shows solutions for 1985 seismic events. Of the 1,061
events played back from magnetic tape and analyzed, 529 were
of a quality equal to that which we previously considered op-
timum [Root Mean Square (RMs) travel time residuals less than
0.5 seconds, horizontal and vertical errors less than 10 kilo-
meters]. Figure 3A shows epicentral locations for all 1,061
events in the 1985 data set. High quality of data has permitted us
to be far more selective than in previous years. A subset of 108
best-located epicenters from 1985 is plotted in figure 3B. Selec-
tion criteria were RMS travel time residuals less than 0.1 second,
greatest horizontal and vertical deviations of error ellipsoid less
than 5 kilometers.) Figure 3C shows hypocentral depths of
events in this select data subset, projected onto a plane striking
north-south, through the summit of the volcano.

Examination of figure 3B and 3C suggests that seismic activity
of Mount Erebus is strongly concentrated within and beneath
the summit lava lake, as expected. The small RMS errors in
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solutions indicate that the distribution of hypocentral depths is
well controlled; hence, activity is concentrated in a region be-
neath 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 microearth-
quakes were recorded during 1985, but due to the configuration
of the network these events, most of which occur on the periph-
ery 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 play-
back equipment in Tokyo and at Scott Base; for his part in
playing back 1985 seismic data at Scott Base, along with assist-
ance from Satoshi Miura (Fred), of Tohoku University and
Mamoru Yamada (Charlie), Nagoya University; and for assist-
ance 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.
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Volcanic activity of Mount Erebus,
1984-1986
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Mount Erebus has been in a continuous eruptive phase since
1972, when a small anorthoclase phonolite lava lake was dis-
covered (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 signifi-
cantly higher levels than the preceding 12 years until January
1985.

From 1972 until September 1984, small Strombolian erup-
tions 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

discovered and named the volcano in 1841. During the in-
creased 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 result-
ing 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 De-
cember 1984 showed that the lava lake was gone, although a
small lava pool was seen to be present periodically in late De-
cember 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 sug-
gested 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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