
minutes) after the storm sudden commencement
(SSC). This immediate effect is explained as
heating around the F2 peak caused by hydromag-
netic waves and subsequent electron drift upwards.
This explanation is borne out by ground observa-
tions. At high latitudes, a peak of integrated elec-
tron density and of electron density at 1,000 km
was also observed, but it is about 5° wide (in lati-
tude) and occurs around L=5. This peak persists
for several days after the SSC. Since a very selec-
tive source mechanism is required to produce such a
geographically limited electron increase, an influx
of charged particles is assumed. The increase in
scale height is regarded as confirmation of the as-
sumed heating mechanisms provided that no change
in ion composition occurs.

Traveling disturbances over the Weddell Sea area
are being investigated by Bowman (1967). Direc-
tion-of-arrival information is available on ionograms
from Ellsworth Station because of interference ef-
fects caused by the Filchner Ice Shelf. This infor-
mation allows the detection of giant traveling iono-
spheric disturbances that appear to move toward the
Equator in the vicinity of the auroral zone during a
period of several hours before local midnight.
These disturbances produce troughs as wide as
1,000 km in the bottomside ionosphere. In the
troughs, the foF2 values, i.e., the electron densities
at the F2 peak, fall by factors that vary between
3 and 7 for the cases investigated. The height of
the foF2 peak can increase by 300-400 km from
the boundary to the center of the trough. Disturb-
ance effects are also recorded in the D and E re-
gions. Associations with radio and optical aurorae
and magnetic activity have been found, suggesting
that these disturbances are intimately related to
auroral-zone activity. Speeds of the order of 100
m/sec have been noted. It is suggested that the
disturbances result from the propagation of internal
gravity waves generated at magnetic noon at a mag-
netic latitude of about 80°.

Several research problems are currently being in-
vestigated. The use of topside ionosonde informa-
tion from Alouettes I and II is being investigated
further, and it is hoped that read-out data obtained
at Byrd Station will extend the present coverage to
areas over the polar cap. The aim is to understand
the electrodynamic forces that create such large
changes in the ionosphere over Antarctica. An-
other study is under way to summarize the present
knowledge of the antarctic ionosphere. It is based
on the Avco investigations as well as on the large
body of published papers on the antarctic ionosphere.
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TERRESTRIAL GEOLOGY AND
GEOPHYSICS

The Hallett Volcanic Province*
WARREN HAMILTON

U.S. Geological Survey (Denver)

Four long, narrow piles of late Cenozoic basalt
and trachyte rise from the continental shelf in a
broken line trending northward along the moun-
tainous Ross Sea coast of northeastern Victoria
Land. From south to north, the piles are Coulman
Island (the shortest, 33 km), Daniell Peninsula,
Hallett Peninsula, and Adare Peninsula (the long-
est, 77 km). Each pile consists of a thick founda-
tion of palagonitic breccias, pillow breccias, dikes,
and sills and is topped by a veneer of subaerial
flows and tuffs. Each long pile is a composite of
overlapping products from central vents, most of
which occur within a narrow zone; altitudes of the
major young volcanoes are typically about 2,000 m.

Daniell Peninsula would be an island if the
grounded ice filling the trough separating it from
the mainland melted. Hallett and Adare Peninsulas
are joined to the mainland only by short saddles
that occur where volcanic rocks overlap mainland
hills. The islands and peninsulas are entirely vol-
canic except for one small island of Paleozoic
granodiorite overlapped by the Daniell pile.

Coulman Island (see figure) and Daniell Penin-
sula are each symmetrical, their medial topographic
crests coinciding with the lines of major volcanoes
which formed them. The Daniell crestal zone of
volcanic centers projects northward across the fjord
formed by Tucker Glacier to "Harcourt Volcano" on
southwestern Hallett Peninsula. The high, young
volcano at the opposed end of each pile has been
truncated deeply by Tucker Glacier, across which
the vent zone apparently is continuous.

The main mass of Hallett Peninsula lies to the
east of the Daniell-Hai-court zone and is formed of

* Publication authorized by the Director, U.S. Geological
Survey.
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Aerial view southward along Coulman Island, November
25, 1962. The caldera rim of subaerial trachyte at the far
end of the island is 1,900-2,200 m above sea level and
6 km in diameter. The island was formed by eruptions of
ice-contact breccias and subaerial lavas from axial vents.

the western part of a line of overlapping volcanoes
whose vents lay offshore from the present east edge
of the peninsula and whose innards are now ex-
posed in 2,000-rn cliffs.

Adare Peninsula is similarly asymmetric. Al-
though several major volcanic centers are preserved
within it, many of the main vents lay east of the
bounding eastern clifftop. The small islands—"Mc-
Cormick" and the Possessions—east of the southern
part of the peninsula are erosional remnants of the
pile. Submarine topography suggests that the Adare
volcanic pile extends far to the east and north be-
neath the sea, over the upper part of the conti-
nental slope.

The volcanic rock types range from ultramafic
basanites to extremely sodic trachytes. The most
common rocks are varied alkaline augite, olivine,
and plagioclase basalts. Anorthoclase is shown by
X-ray study to be abundant in the groundmass of
many basalts, although it is obvious petrographically

only in a few; sodic minerals in the trachytcs in-
clude anorthoclase, sanidine, oligoclase, analcite, and
nepheline. Comparison of 33 chemical analyses of
rocks from the Hallett province with 22 new
analyses of rocks from the McMurdo volcanic prov-
ince of the southern Ross Sea shows the two
terranes to be similar chemically.

The volcanic piles are constructional edifices, not
tilted fault blocks. In the palagonitic breccias and
pillow breccias, which form the bulk of each pile,
evidence is found of extreme chilling, like that
known to have been due to eruption beneath or
against ice elsewhere. These breccias form continu-
ous cliff sections reaching altitudes of 1,500 m on
Coulman Island, 1,700 m on Hallett Peninsula, 1,800
m on southeastern Adare Peninsula, and 600 m on
poorly exposed Daniell Peninsula; above these alti-
tudes, all rocks exposed are subaerial flows and
pyroclastics, which partly overlie, and partly give
way down-dip to, the breccias.

Most of the volcanism occurred when the Ross
Sea was filled by ice to present altitudes of 1,800
m, even at southern Adare Peninsula. (The depth
of the sea floor is generally about 500 m, and there
is no grounded ice on it now.) The bevelled spurs,
hanging valleys, overridden shoulders, etc. of the
mainland mountains to the west also show signs
that previous ice levels were high above the pres-
ent ones. No age determinations are yet available
from the volcanic piles, the dating of which would
provide minimum ages for the onset of Late Ceno-
zoic glaciation, which extended far beyond present
ice limits. Volcanic activity has continued to the
present time, and each mass has many very young
cinder cones on it.

Glaciation well beyond present limits, but per-
haps less than that indicated by the highest brec-
cias, is shown also by the erratics of mainland
metamorphic and granitic rocks now strewn on the
northern tip of Adare Peninsula up to an altitude
of 500 m. Cape Adare is 30 km beyond the present
mainland ice. The projection of a typical antarctic
ice profile upward and southward from the 500-in
level at the Cape requires that the ice was at one
time at least 800 m thicker at the present mainland
coast than it is now, even without making allow-
ance for the probable many hundreds of meters of
erratic-free ice in the upper part of the ice sheet.
Grounded ice probably covered the entire antarc-
tic continental shelf.

Isostatic depression under the additional glacial
load would, however, have decreased the difference
between past and present absolute altitudes of
glaciation.
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