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Infrared view of the inner crater at Mount Erebus taken from the east
rim of the main crater. The magma lake Is in the lower right quadrant.
White areas of the lake are at the highest temperature (about 1,000°C)
and are areas of exposed magma; grey and dark areas have a thin
crust of congealed magma.

years. The lowering of the level may be equivalent to the
amount of material ejected by the small strombolian eruptions.
A deformation survey pattern set up in December 1980 was
remeasured in December 1981; preliminary data indicate a con-
traction in the size of the crater rim, consistent with lowering of
the magma column. Lowering is also suggested by the develop-
ment on the main crater floor of a semiradial fracture which
parallels the inner crater rim. The main crater floor apparently is
slowly collapsing into the inner crater. See figure.

Work at Mount Erebus was supported by National Science
Foundation grants DPP 79-20316 and DPP 80-20002. The untiring
assistance of Bill McIntosh is gratefully acknowledged.
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Thermal imagery of Mount Erebus
from the N0AA-6 satellite
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National Oceanic and Atmospheric Administration
National Earth Satellite Service

Washington, D.C. 20233

The National Oceanic and Atmospheric Administration
(N0AA) polar orbiting satellites provide a good perspective for
viewing and monitoring Mount Erebus, an active antarctic vol-
cano. Mount Erebus (3,794 meters) is situated at 77°32'S
167°09'E. Field investigations and aerial reconnaissance indicate
the presence of an active lava lake in the main crater. The lava
lake is approximately 40 meters in diameter and is within an
inner crater 250 meters in diameter on the main crater floor
(Kyle et al. 1982). Kyle and others (1982), using a geothermome-
ter for estimating lava lake temperature and an optical pyrome-
ter for direct measurements, found the temperature to be ap-
proximately 1,000°C. They also indicate that subsequent crustal
formation over the lava has reduced the temperature to about
500°C. Strombolian eruptions occur in varying frequency, from
as many as 3 eruptions per day in January 1978 to 1.6 per day in
early 1979 (Kyle 1979).

The NOAA series of satellites are sun synchronous and polar
orbiting. They provide at least twice-a-day coverage of any
given area at an average altitude of 833 kilometers. Aboard
NOAA-6 (which provided the data discussed in this article) the
main sensor system is the advanced very high resolution radi-
ometer (AVHRR). This four-channel system operates in the fol-
lowing wavelengths:
• channel 1-0.58-0.68 micrometer (visible);
• channel 2.-0.72-1.1 micrometer (near infrared);
• channel 3-3.55-3.93 micrometer (infrared); and
• channel 4-10.5-11.5 micrometer (thermal infrared).
Resolution of each channel is 1.1 kilometers at the satellite sub-
point (Hussey 1979).

The lava lake atop Mount Erebus seems to be detectable with
the NOAA-6 AVHRR sensor even though it is a subresolution
feature. Using channel 3, Matson and Dozier (1981) have de-
tected subresolution scale sources of very high temperature.
Using an algorithm developed by Dozier (1981), they have
shown that the size and black-body temperatures of these
sources can be calculated. This technique has provided a basis
for reviewing thermal imagery data collected at McMurdo Sta-
tion in 1980. The taped data were computer-enhanced and en-
larged, and 1:1,000,000-scale images of Ross Island were pre-
pared. Figure 1 is an example of the results of this work. This
channel-3 image shows a hot spot (dark) on the site of the
Mount Erebus crater. Figure 2, by comparison, is a Landsat
multispectral scanner (Mss) image of the same area taken in
January 1974. The 80-meter Landsat resolution provides an
excellent image of the details of Mount Erebus. However, Land-
sat does not include thermal data as the NOAA satellites do. A
digital trace (figure 3) over the crater area on the computer-

32	 ANTARCTIC JOURNAL



30

UI

210
Ix
UI
5.
2
UI
I.-

240-

2101-
....

Lt...••••....
Sc.n Lin.:

307 - -

301

300 --

310

311

312 --

313

Figure 1. AVHRR thermal image (channel 3) of Ross Island taken 10
February 1980. Ground resolution is 1.1 kilometers. The black spot is
the crater area of Mount Erebus (in this rendition, cold areas are
shown as white and warm areas are shown as dark). Scale,
1:1,000,000.
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Figure 2. Landsat (80-meter resolution) multispectral scanner (Mss)
image of Ross Island taken 5 January 1974. Summit crater of Mount
Erebus is seen as snow-free. Scale, 1:1,000,000.
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Figure 3. Satellite trace of surface temperature over Mount Erebus. The pixel that includes the crater is about 50°K warmer than the area
surrounding the crater. As the pixel is larger in diameter than the crater (1,100 meters compared with 250 meters), the cooler rocks and ice
surrounding the crater also contribute to the measured temperature of the pixel. The temperature determined by the satellite sensor is thus less
than the actual temperature of the crater area.
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enhanced image reveals the temperature of the surface and the
brightness temperature of the crater area. The trace indicates
that the brightness temperature is approximately 60°K above
the background at the summit, which woud include the lava
lake. Since this is a subresolution feature, cooler surfaces within
the same picture element, or pixel, are also contributing to the
pixel radiant temperature. The resulting pixel temperature is
thus less than the true brightness temperature of the crater area.

rhe installation of the high resolution picture transmission
(HRPT) system at McMurdo Station makes it possible to monitor
the thermal regime at Antarctica, including anomalous thermal
areas such as Mount Erebus, in a way that was previously
impossible. Its near-polar location allows many additional pass-
es per day, greatly increasing the probability of receiving cloud-
free imagery.

We extend special thanks to Jann Knapp for her cartographic
assistance, to Mike Matson for his help with the temperature
plot, and to John Pritchard for the enhanced imagery.

This work was funded by National Science Foundation grant
DPP 77-27010.
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Eruptive potential of volcanoes in
Marie Byrd Land
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Those who study young volcanoes frequently are asked
about the eruptive potential of these volcanoes, even when they
are located in a region as remote as Marie Byrd Land. In Marie
Byrd Land, human hazard is not a concern, but the possibility of
climatic impact interests scientists beyond the immediate com-
munity of antarctic geologists. Volcanologists commonly try to
predict the future behavior of a volcano on the basis of its
history, which in temperate regions often can be determined
from historical records and carbon-14 dating of organic remains
buried by volcanic deposits (see, for example, Crandall,
Mullineaux, and Rubin 1975). In Marie Byrd Land, however,
there is no history of human observation and no organic mate-
rial for carbon-14 dating. Moreover, the rate of erosion of lava is
so slow that even 10-million-year-old volcanoes are deceptively
fresh in appearance.

The methods available for inferring the eruptive potential of
volcanoes in Marie Byrd Land are studying the emission of
volcanic gasses, determining the potassium-argon (K-Ar) age of

volcanic deposits, and examining ash layers in ice cores. Emis-
sion of steam from volcanic vents has been observed in Marie
Byrd Land (figure and table), and the intermittent emission of
steam can be inferred where fumarolic ice towers (produced by
condensation and freezing of water vapor) occur around a crater
rim (LeMasurier and Wade 1968).

The K-Ar method of dating is not nearly as useful as the
carbon-14 method for determining the very recent behavior of a
volcano, because the precision of the K-Ar method decreases
rapidly in materials younger than 500,000 years, whereas the
carbon-14 method is most precise when used on materials only a
few thousand years old or younger. Thus, in the table, the
materials in the columns labeled "Less than 200,000 years" were
essentially too young to be dated by the K-Ar method. It is
certainly possible to date some materials that are younger than
200,000 years by K-Ar, under favorable circumstances (Dalrym-
ple and Lanphere 1969), but the materials from Marie Byrd Land
could not be accurately dated if they were younger than 200,000
years old.

On the other hand, the record provided by ash layers in the
ice cores at Byrd Station and Dome C makes it clear that some
volcano or volcanoes have been active in Marie Byrd Land
within the past 75,000 years. Cow and Williamson (1971) record-
ed 25 bands of ash in the Byrd Station core, with an especially
large number of bands in the interval estimated to be 16,000 to
30,000 years old. Prevailing wind directions and the coarseness
of the ash virtually require a source among the Marie Byrd Land
volcanoes (Cow and Williamson 1971), and the petrographic
characteristics of the ash support this inference (LeMasurier
1972). Similarly, Kyle and others (1981) analyzed ash estimated
to be 25,000 years old from the Dome C core and inferred its
source to be Mount Takahe. The new K-Ar data that provide the
basis for this paper do not invalidate any of the earlier con-
clusions; they simply provide a basis for a wider range of spec-
ulation about which volcanoes have erupted in the recent past
and which ones are likely to erupt in the future.
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