
andesites may have formed within the oceanic crust
or the volcano.
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Intraglacial volcanoes in
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Volcanoes formed by eruption beneath the ice
sheet (intraglacial volcanoes) are an especially inter-
esting part of the geology of Marie Byrd Land be-
cause, in addition to their petrologic significance,
they seem to record several aspects of glacial his-
tory (LeMasurier, 1972a; Hughes, 1973). However,
the best preserved examples of these volcanoes
(Mount Murphy, 75°30'S. 110°00'W., and Mount
Takahe, 76°20'S. 112°00'W.) are quite different
in size, shape, and internal structure from the
better known intraglacial volcanoes of Iceland and
British Columbia. The Byrd Land volcanoes have
been a subject of continuing study to determine
whether these differences are related to glacial his-
tory or to volcanic processes. I made a brief com-
parative study of the Icelandic volcanoes in summer
1970, and this year at Victoria University of Well-
ington I am continuing the work of comparing
Marie Byrd Land intragiacial volcanoes with both
submarine and intragiacial analogs in New Zeland,
Victoria Land, and Hawaii.

One objective is to explain the apparent absence
of pillow lavas and the unusually large thicknesses

(over 2,000 meters) of basaltic hyaloclastite (vitric
ash) in Marie Byrd Land intraglacial volcanoes. Ice-
landic examples, by comparison, generally are com-
posed of a large proportion of pillow lavas over-
lain by only a few hundred meters of hyaloclastite.
Petrographic studies this year are directed toward
comparing Marie Byrd Land hyaloclastites with
hyaloclastites that overlie pillow lavas in Iceland,
in the Hudson Mountains in Ellsworth land (75°S.
100°W.), and on Ross Island. From these studies
it now appears that hyaloclastites associated with
pillow lavas are composed largely of vitric (sidero-
melane) clasts that contain very little crystalline
material, whereas the Marie Byrd Land hyaloclas-
tites are composed of microlite-rich sideromelane
and tachylyte clasts. Bonatti (1967) saw similar re-
lationships in studying deep-sea hyaloclastites.

Results of this research are being prepared for
publication. The main conclusion, related to inter-
pretations of glacial history, is that the crystal con-
tent of lava at the time of eruption appears to de-
termine whether pillow lavas or hyalociastites will
form in deep water (for example, more than 500
meters) or beneath thick ice. Hyaloclastites in
Marie Byrd Land appear to be of a type that forms
in lieu of pillow lavas. This adds new evidence in
support of the interpretation (LeMasurier, 1972a)
that the great thicknesses of these deposits repre-
sent the growth of volcanoes beneath a correspond-
ingly thick ice sheet.

No significant petrographic differences between
submarine and intraglacial hyaloclastites have been
discovered. However, a review of the literature, and
an examination of several field localities in New
Zealand, leads to the conclusion that submarine
volcanics are characteristically associated with
marine sediment. This is particularly significant
with regard to interpreting the older hyaloclastites
in Marie Byrd Land (for example, Oligocene
through Pliocene). The absence of sedimentary
interbeds in these deposits now seems a more sig-
nificant indication of subglacial eruption than was
suspected when earlier reports were written.

The present exposure of thicknesses over 2,000
meters of late Quaternary hyaloclastite above ice
level at Mount Murphy and Mount Takahe remains
a problem of great potential significance. Hughes
(1973) suggests that these volcanoes record mas-
sive surges of the West Antarctic Ice Sheet. His
suggestion is appealing, and it may be supported
by the topographically high level of some moraines
in Marie Byrd Land. During a 1967-1968 Marie
Byrd Land survey, for example, I observed moraine
resting on 1.6-million-year-old pumice at the top of
Chang Peak (77°05'S. 126°40'W.), 820 meters
above present ice level.
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Mount Erebus (elevation, 3,794 meters; 77°
32'S. 167 009'E.), Ross Island, contains a per-
sistent lava lake of anorthoclase phonolite magma,
making it a unique geological phenomenon. Lava
was first observed in the crater in December 1972
(Giggenbach et al., 1973). Frequent strombolian
eruptions were heard from 24 December 1972 to
6 January 1973. During a brief visit on 4 February
1973, an ash eruption from a fumarole vent on the

south side of the inner crater lasted 45 seconds
(Treves and Kyle, 1973).

A surveillance period from 11 to 24 November
1973 was hindered by poor weather. On 11 Novem-
ber, however, viscous lava was observed flowing
from a small vent about 0.5 to 1 meter in diameter.
A small flow 15 to 20 meters long with a maximum
width of 3 to 4 meters moved slowly (1 to 2 meters
per minute) and entered a small convecting lava
lake 40 meters in diameter (Kyle, 1975).

In the 1974-1975 field season, a major French-
N.Z. expedition was mounted to sample gases from
inner crater fumaroles and also to sample and make
direct temperature measurements of the lava lake.
The expedition received U.S. helicopter support
from nearby McMurdo Station. The objectives were
not achieved because an unexpected increase in
explosive activity occurred. Detailed seismological
observations were made, however, using an array of
five seismographs. Ejected lava samples were col-
lected and audiovisual observations were made.
The lava area had increased to fill more of the
northern half of the inner crater than the previous
season (figure). Lava was observed to well up at the
eastern side of the lava lake and to move slowly
along a curved path before disappearing in a tunnel
at the western end. Strombolian eruptions from the
lava lake and a new explosive vent on the south
side of the inner crater were observed for the first
time. Bombs were observed at distances too close
for comfort.

Observations in November and December 1975
again were plagued by bad weather. A single seis-
mological station was established and run for 7
days. Audiovisual observations were also made.
The lava lake was observed briefly several times.
Lava filled the entire northern half of the inner
crater with the previous circular movements re-
placed by a series of overlapping areas where lava
was welling up. An average of two explosions per
day were heard in the camp area; they appeared to
be less violent than those heard on previous visits.

In summary, 4 years of intermittent observa-
tion indicate a steady expansion in the lava lake.
The frequency and violence of small strombolian
eruptions tend to be variable from year to year,
and no set pattern has been detected.

Special thanks are due to Samuel B. Treves, Uni-
versity of Nebraska, Lincoln, who has participated
in many of the expeditions cited above. Logistic
support was partially provided by the U.S. Antarc-
tic Research program (National Science Founda-
tion) and the N.Z. Antarctic Research Programme
(N.Z. Department of Scientific and Industrial
Research).
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