
instead been filled in by volcanic ejecta from the large erup-
tions. 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.
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Seismic studies in Mount Erebus,
Ross Island, 1980-1986

K. KAMINUMA

National Institute of Polar Research
Itabashi, Tokyo 173, Japan

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, 95-
meter 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. Strom-
bolian 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 erup-
tion. 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

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 Shoul-
der 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 5-
and 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 fre-
quency 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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Figure 1. The IMESS seismic networks on Ross Island and explosion points for the explosion seismic experiments (solid star). ("m" denotes
"meter:" "km" denotes "kilometer.")

gravimeter at the Amundsen-Scott South Pole Station (about
1,400 kilometers from Mount Erebus). The Strombolian ac-
tivities before September 1984 have been recorded only by the
limited IMESS stations located near the summit. More than 10
large explosions continued to occur every day from 13 Sep-
tember to the end of November, and several gas-jetting erup-
tions occurred every day in December and January. These ac-
tivities are the most significant since the International
Geophysical Year when the scientists started to watch the vol-
canic activities of Mount Erebus continuously.

It is clear in figures 2A and 213 that the daily frequency of
earthquakes decreased in 1985. Note especially that fewer than
10 earthquakes per day were recorded after August 1985; see
figure 213. Daily frequency of earthquakes in and around Mount
Erebus after the September 1984 activity decreased to only
about 20 percent of that before the activity.

As is clear in figures 2A and 213, earthquake swarms fre-
quently occur in and around Mount Erebus. Sixteen earthquake
swarms were detected during the 30-month period as shown
with 82-A, 82-13, etc., in figure 2A (Kaminuma et al. in press).

An "earthquake swarm" is defined here as one group with more
than 250 events occurring within 24 hours and the events occur-
ring within 1 or 2 days on either side of the 250-event day.

The first recognized and well-studied swarm is swarm 82-C in
figure 2A (Kaminuma et al. 1985b). This swarm is characterized
by a very sudden onset and very rapid decrease of the activity.
All events of this swarm are located in the northwestern flank of
Mount Erebus. Swarms 84-B and 84-F are characterized by a
large total number of earthquakes and long duration of the
activities and seem to be precursory activity of the September
1984 activity.

Figure 3 shows the hypocenter distributions of earthquakes
for the period from February 1982 to May 1984; the epicentral
distribution (in upper part) and the focal-depth distribution (in
lower part) projected onto a vertical northwest-southwest sec-
tion across Ross Island. About 300 earthquakes are represented
in figure 3, and their horizontal and vertical location errors are
considered to be within 3 kilometers. Earthquakes clustered
near the summit in figure 3 appear to accompany volcanic
eruption activity (Kaminuma et al. 1985a). An aseismic space is
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recognized just beneath the summit in figure 3. We estimated
that this aseismic space might be a magma reservoir which is the
origin of convecting lava to the summit lava lake.

Four explosion seismic experiments were carried out on
Mount Erebus by the ]MESS group in December 1985. The blast
points are given in figure 1 with the solid stars. The data are
under analysis to obtain the detailed structure of Mount
Erebus. We believe that using the IMESS data, we will be able to
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define in the near future: (1) the structure of Mount Erebus, (2)
more accurate earthquake locations using the structure, and (3)
the mechanism of the eruption process of Mount Erebus.
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Figure 2. A. Daily frequency of earthquakes in 1982-1984. Counted at Hoopers Shoulder Station. ("N" denotes "number.") B. Daily frequency of
earthquakes in 1985 counted at Hoopers Shoulder Station. ("N" denotes "number.")
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Uranium mineralization in southern
Victoria Land, Antarctica

G.A.M. DRESCHFIOFF and E.J. ZELLER

Space Technology Center
University of Kansas

Lawrence, Kansas 66045

For the past 10 antarctic field seasons, an airborne gamma-ray
spectrometric survey has been conducted over widely sepa-
rated parts of the continent. Localized accumulations of both
primary and secondary uranium minerals have been dis-
covered at several localities scattered along the Transantarctic
Mountains from the Scott Glacier to northern Victoria Land.
During the 1985-1986 field season, we discovered a number of
highly significant radiation anomalies in the area between the
Koettlitz Glacier and the Pyramid Trough. The occurrences
consist of pegmatite vein complexes which contain an associa-
tion of primary uranium and thorium minerals. Of still greater

significance is the fact that abundant secondary uranium miner-
als were found in association with the primary deposits, and
they indicate clearly that uranium is geochemically mobile un-
der the conditions imposed by the and polar climate that now
exists in southern Victoria Land.

On the ground, we visited two veins which had been identi-
fied from the airborne gamma-ray record. The veins are sepa-
rated by several kilometers. Preliminary results of a uranium
analysis performed by neutron activation indicate a con-
centration of 0.12 percent uranium in a composite sample from
the two veins. Even higher levels of thorium are present. The
nature of the primary uranium mineralization is currently un-
der investigation. Autoradiographs shown in figures 1 and 2
indicate the distribution of radioactive minerals in polished

surfaces of samples from the two radioactive veins. Incrusta-
tions of secondary yellow uranium minerals were found in the
radioactive vein locality at the head of the Pyramid Trough. In
addition, strongly fluorescent coatings of carbonates containing
uranium, were distributed along fractures extending inward at
least 40 centimeters from outcrop surfaces. They furnish clear
evidence of mobilization of uranium in solution in the surface-
weathering zone. Our preliminary studies indicate that some of
the minerals present may be new and previously unknown
forms but many show the typical yellowish green fluorescence
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