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Mount Erebus (3,794 meters) is one of six volcanoes of the
Erebus volcanic province near the southern end of the Transan -
tarctic Mountain Range (Kyle and Cole 1974). All of these vol-
canoes are young, undissected cones but only Erebus is pres-
ently active. It is located on Ross Island at 77°32'S 167°09'E. A
unique anorthoclase phonolite magma lake occupies an inner
pit crater (220-meter diameter, 95-meter depth) within the 550-
meter diameter, 120-meter deep main crater. The magma lake is
convecting and has been under yearly surveillance since it was
first discovered on 6 January 1973 (Giggenbach, Kyle, and Lyon
1973). The lake gradually increased in size from January 1973 to
December 1976 and then stayed fairly constant (about 1,500
square meters) to the present (Kyle et al. 1982; Dibble et al. in
press). Strombolian eruptions of anorthoclase phonolite lava

occur several times per day from an explosive vent on a bench in
the southeastern half of the inner pit crater.

To learn more about the internal configuration of the Erebus
magma system, a program called the International Mount
Erebus Seismic Study was begun in December 1980 to monitor
the seismicity associated with active volcanism at Mount
Erebus. The project involves scientists from the United States,
New Zealand, and Japan and is now in its fourth year of operat-
ing a high-gain seismic network on the volcano. An original tri -
partite array of vertical, short-period seismic stations was in-
stalled on Mount Erebus in December 1980 with radio-teleme-
try to Scott Base. This net was expanded by two stations in
1981-1982, and by an additional four stations this past season
(1983-1984). Figure 1 shows the distribution of the seismic sta-
tions—all data are centrally recorded on magnetic tape and
some on paper at Scott Base—and gives the technical layout of
the present system. At various times, the Erebus summit sta-
tion has also been used to transmit acoustic and electric induc-
tion data to monitor explosive gas discharge from the magma
lake.

Station maintenance and installation and data playback from
magnetic tapes at McMurdo during December 1983 and January
1984 involved: from Japan Katsutada Kaminuma, Sadato Ueki
(Tohoku University) and Eturou Koyama (the University of
Tokyo); from New Zealand Jeremy Ireland (Antarctic Division,
Department of Scientific and Industrial Research) and Bradley J.
Scott (New Zealand Geological Survey); and from the United
States Juergen Kienle, Dianne L. Marshall, and Bruce McKib-
ben, all from the University of Alaska.

The Mount Erebus seismic network has allowed us to
monitor the space-time behavior of microearthquakes associ-
ated with the Erebus magma system for the past 4 years. For
earthquake hypocenter location, we adopted a computer pro-
gram developed by the U.S. Geological Survey (Hypoellipse).
The program uses a horizontally layered velocity structure
which we defined from the seismic refraction work of Wilson et
al. (1981) in McMurdo Sound. Figure 2A is a map of 403 best
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Figure 1. (Left) 1983-1984 configuration of the radio-telemetered Ross Island high gain seismic network. (Right) Technical layout of the
1983-1984 Ross Island seismic network. ("m" denotes meter; "Hz" denotes hertz; "MHz" denotes megahertz.)
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Figure 2. Epicenter maps of Ross Island seismicity covering the time
period December 1980 to February 1984. A. 403 best located events
selected from a file of 800 located events. B. Selection criteria: Root
mean square travel time residual less than or equal to 0.5 seconds,
and horizontal and vertical location errors less than or equal to 10
kilometers.

located epicenters, selected from a file of 800 earthquakes which
occurred between December 1980 and February 1984. Figure 2B
shows the locations of all 800 events. The best events (figure 2A)
have root mean square travel time residuals of less than or equal
to 0.5 seconds and horizontal and vertical location errors of less
than or equal to 10 kilometers.

Most epicenters plot on the Erebus stratocone with strong
concentrations of events near the magma lake. A notable excep-
tion is the cluster of events that plots some 15 kilometers north-
east of the summit crater. These events represent a very short-
lived intense earthquake swarm which occurred in the vicinity
of Abbott Peak on 8 and 9 October 1982. On 8 October, more
than 600 earthquakes were recorded within 12 hours. The epi-
central region of this swarm lies near an area that was hydro-
thermally active in 1908 (Shackelton 1909). We have speculated
that the October 1982 swarm was associated with deep magma
movement and dike injection because significant harmonic
tremor accompanied the event (Kienle et al., 1983; Kaminuma,
Ueki, and Kienle in press). Figure 3 is a hypocentral cross
section of the high quality data set shown in Figure 2A, proj-
ected onto an east-west plane passing through Mount Erebus.
The hypocenters outline a well defined, nearly vertical feeder
system beneath the summit magma lake that extends to a depth
of about 15 kilometers. Microearthquakes cluster tightly in the
uppermost 3 kilometers of the feeder system. Many of the
shallowest of these events are positively correlated with acous-
tic signals from explosions in the summit crater (type 1 events of
Shibuya et al. 1983). Dibble et al. (in press) distinguishes two
kinds of infrasonic events: (1) low-frequency events (0.5-3
hertz) that are probably correlated with large bursting bubbles
in the lava lake, and (2) high-frequency infrasonic events that
are clearly associated with eruptions . from the active vent. Both
types of explosions produce explosion earthquakes. The
October 1982 earthquake swarm occurred at a depth of about 12
to 15 kilometers.

Figure 3. East-west hypocentral cross section through the summit
crater of Mount Erebus using the selected data set shown in figure
2A. ("km" denotes kilometer.)

In summary, the increased station coverage achieved during
the past field season has greatly improved our ability to monitor
the Erebus magmatic system and to locate hypocenters with
much higher precision than previously possible. However, we
still need to define more clearly the velocity structure of Mount
Erebus, a structure which strongly affects the determination of
hypocentral depths. The next step in our study will be to try to
determine the velocity structure of the volcano using artificial
explosions and teleseismic inversion techniques.

This research was supported by National Science Foundation
grant DPP 83-00185. We are very much indebted to Andrew
Harral and Jeremy Ireland of Scott Base for maintaining the
recording system through the winter months. Special thanks
go to Dianne Marshall and Bruce McKibben of the University of
Alaska, who installed and serviced the stations; to Charlotte
Rowe, University of Alaska, who helped with data analysis and
did the computer plots; to Sadato Ueki (Tohoku University,
Japan) and Eturou Koyama (the University of Tokyo, Japan)
who helped solve technical problems at McMurdo and played
back earthquake data from magnetic tapes; to Brad Scott of the
New Zealand Geological Survey, who helped with the repair of
the Erebus summit station; and of course to the VHE-6 heli-
copter crew who provided expert logistic support.
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Crustal inclusions from the Erebus
Volcanic Province
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Inclusions of crustal rocks were collected during November
and December 1983 from several Cenozoic volcanic centers in
the McMurdo Sound region. The principal sites were Hut Point
Peninsula (77°49'S 166°45'E), Cape Barne (77°34'S 166°19'E),
Cape Crozier (77°27'S 169°13'E), Minna Bluff (77°43'S 165°46'E),
Dailey Islands (77°53'S 165°16'E), Taylor Valley (77°46'S
162°06'E), Brandau Vent (78°13'S 163°20'E), Roaring Valley
(78°16'S 163°06'E), and Foster Crater (78°24'S 162°67'E).

Throughout the region, the most common type of crustal
inclusion is a basic gneiss or granulite. This rock type consists
dominantly of calcic plagioclase and clinopyroxene, but any of
the following additional minerals may be present: olivine,
orthopyroxene, scapolite, spinel, calcium-amphibole, iron-
titanium oxide, and apatite. Somewhat more fractionated or
"evolved" two-pyroxene gneisses and granulites are relatively
common. Plagioclase is locally antiperthitic in these rocks; apa-
tite is common, but olivine is rare.

Quartzo-feldspathic orthogneisses and quartzites are com-
mon, but not nearly as abundant as the basic gneisses. Inclu-
sions of sillimanite-biotite gneiss have been found at Foster
Crater, but pelitic inclusions in general are notably rare. Caic-
silicate gneisses and granulites are abundant at Foster Crater
and consist of clinopyroxene and plagioclase, scapolite, bril-
liant green apatite, sphene, or quartz.

Although relatively numerous inclusions of partially fused
quartzite or quartz-rich metasediment have been collected, no
samples of Beacon Supergroup sedimentary rocks have un-
equivocally identified. It is likely, however, that further study of

these inclusions will indicate that at least some of them are
derived from the Beacon Supergroup. Of particular parallel
significance is the apparent discovery of an inclusion of Ferrar
dolerite. This inclusion, collected from the easternmost of the
Dailey Islands, consists of hypersthene, augite, and plagioclase
with an ophitic or subophitic texture. If this preliminary identi-
fication holds up, this would be the first direct evidence that
Ferrar lithologies underlie McMurdo Sound.

All samples of basic granulites collected from sites in the Ross
Embayment, i.e., east of the Transantarctic Mountains, appear
to be within the stability field of olivine plus plagioclase.
However, in some of the granulites from the Transantarctic
Mountains (Foster Crater, in particular) plagioclase and olivine
coexist only as part of reaction coronas between clinopyroxene,
orthopyroxene, and spine!. These coronas probably formed
during the heating and decompression which resulted from the
Cenozoic eruptions. Prior to corona formation, plagioclase co-
existed with the other three minerals, but olivine did not. This
evidence suggests that some of the granulites from under the
Transantarctic Mountains originated at higher pressure than the
granulites from under the Ross Embayment. This is consistent
with geophysical evidence which suggests that crustal thick-
ness under the Ross Embayment is only about 25 kilometers as
compared to about 40 kilometers under the Transantarctic
Mountains (Smithson 1972; Bentley 1973; McGinnis 1982).

This research was supported by National Science Foundation
grant DPP 82-13943. John Gamble, Robert Hank, and Donald
Herz assisted in the fieldwork.
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