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Figure 1 (above). Thalassiosira tumida: Scanning Electron Micro-
graph of the biological outside of a cleaned frustule. Note the
typical inflated appearance near the margin with the accompany-
ing center depression. These discoid diatoms are united in chains
by threads extruding from the very small tubuli near the center.
(Photo by Heinz P. Studer, E. & P. Research Division, Shell De-
velopment Company, using the K Square Ultrasian Microscope.

1 000X).

Figure 2 (below). Corethron criophilum: Scanning Electron Micro-
graph of one kind of frustule found in this species. Note the
empty sockets which hold the barbed spine bases and the small
spinules over the central portion of the valve. These solenoid dia-
toms are important in antarctic waters. (Photo by Walter R.
Brown, Southwest Center for Advanced Studies, using the Jeolco

JSM-1 microscope. 2000X).

Detailed accounts of the biological, chemical, and
hydrographic data collected in this bloom are dis-
cussed by El-Sayed (in press). Thalassiosira tumida
(Fig. 1), which contributed largely to this bloom,
was the subject of a detailed taxonomic study by
Hasle et al. (in press). A paper on Corethron criophi-
lum (Fig. 2), based mainly on the material collected
during IWSOE-1968 was completed by Fryxell and
Hasle (in press) during the period covered by this
report.
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The following three accounts, with a common
index map (Fig. 1), describe work carried out on
Deception Island during the 1969-1970 field sea-
son by a six-man party from the Institute of Polar
Studies, Ohio State University, with Olav Orheim
as party leader. The group was very comfortably
accommodated at the Argentine base on the island,
and was afforded transportation by the Argentine
Navy to and from the island. Thanks are extended
to the Argentine Navy, and in particular to Lieu-
tenant Luis R. Villa, the base commander, and his
seven men for their friendliness and valuable assis-
tance.

Glaciological Investigations on
Deception Island

()LAV ORHEIM

Itis!iti,te of Polar Studies
7'Iic Ohio State tinwercity

The major objectives of the 1969-1970 field sea-
son included continuation of the heat- and mass-
balance studies begun in the previous season on
1acier G 1 (Fig. 1), investigations of the fissures

that were opened through the glacier during the
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Figure 2 (above). Variation in mass balance with
elevation.

a = net ablation.	b = net balance.
B = total balance.
S = surface area.	c = net accumulation.

Figure 3 (below). Wall of ice fissure formed by 1969
eruption showing annual layers. Black layers near bot-
tom of wall are from eruptions early in this century.

Wall is about 30 m high.
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Figure 1. Index map of Deception Island. Solid black areas show
locations of rifts.

1969 eruption, drilling of a core from glacier G 1,
and measurement of geothermal heat flux on the
bay-facing side of the island.

The mass-balance investigations were started in
mid-December. At that time, the snow temperatures
were below 0°C. over most of the glacier, and only
a small amount of runoff had occurred from the
lower portion. The winter balance was determined
from more than 500 snow-depth measurements com-
bined with snow density values from 8 pits. The
summer balance was measured on 30 stakes, of
which 6 were replacements for stakes lost during the
winter. The variation of the mass-balance parameters
with elevation is shown in Fig. 2. These values in-
clude observed summer accumulation that averaged
0.1 m.

The 1969 subglacial eruptions opened a series of
fissures 30-60 m deep through the glacier on the
east side of the island (Fig. 1). The fissures were
formed by a combination of subglacial melting,
ejection of blocks of ice, lifting of the downslope
portion of the glacier, and lateral enlargement by
horizontal ablation. The relative importance of each
of these factors is not accurately known, but at one
locality, the uplift of the downslope ice was 10-20 rn
Extensive areas within the fissures were still hot
10 months after the eruption, and measured ground
temperatures exceeded 250°C. at many localities.
Blocks of ice calved frequently from the unstable
walls of the fissures. Where the fissure floor is hot,
this ice melts rapidly. Continuation of this process for
several years will cause the downslope portion of the
glaciers to become climatically dead and waste away.

The mass-balance history of the accumulation
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area of the glacier from 1910 to present was deter-
mined by stratigraphic studies of the annual dirt
layers exposed in the walls of the central section of
the fissures (Fig. 3). These ice-wall investigations
also led to the discovery of deposits from previously
unknown eruptions on the island; pyroclastic deposits
from six separate volcanic events were found near
the bottom of the ice walls (Fig. 3). The discovery
of these eruptions corroborates the hypothesis, pro-
posed after last year's studies (Klay and Orheim,
1969), that recent subglacial eruptions had occur-
red on the west side of the island. A 27-rn core was
obtained from the ablation area of glacier G 1. This
core, which at the time of writing is en route to the
laboratory and has not been examined in detail, con-
tained a series of pyroclastic deposits, presumably
from the same eruptions as those recorded in the
fissure walls, plus an additional group of deposits
which are expected to correspond to an older series
of explosive eruptions.

A high geothermal heat flux had been expected on
the bay-facing side of the island because of the
scarcity of glaciers. A geothermal-gradient measure-
ment made near the Argentine base in a 9-rn hole in
sandy silt below 1.5 m of frozen ground gave a value
of 0.6°C. rn-1 . This gradient corresponds to a heat
flow exceeding 10 x 10_6 cal cm-2 sec 1, an order of
magnitude higher than the global average.
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Petrology of the Deception Island
Volcano, Antarctica

CHARLES H. SHULTZ

Institute of Polar Studies
and Department of Geology
The Ohio State University

Deception Island is a large, composite volcano
that may have resembled Mount Shasta, California,
before it underwent caldera collapse. It probably
had a single, large central vent somewhere within
Port Foster (Fig. 1), and several parasitic cones.
After a catastrophic eruption and subsequent col-
lapse, numerous small vents developed over a long
period of time along an annular fault system. The
volcano is still active, and there is no reason to doubt

that this activity will continue; a new eruption might
possibly occur in the Whalers Bay area or even in
Fumarole Bay.

The island is composed predominantly of pyro-
clastics, with only minor amounts of highly viscous
lavas. Compositionally, most rocks seem to be basaltic
to andesitic, although almost all of them are glassy
or aphanitic. Porphyritic rocks are rare, and phan-
eritic rocks are virtually absent. Outcrops are scarce
and widely scattered; most of the island is covered
with glacial ice, cindery scree, or fluvioglacial ma-
terial. Hawkes (1961) subdivided the volcanics into
a Pre-Caldera and a Post-Caldera Series, each con-
sisting of several formations. His correlations were
done on the basis of stratigraphic sequence, and
geomorphic and petrographic similarity.

The purpose of the 1969-1970 investigations was
to collect samples of all rock units for detailed petro-
graphic and chemical analyses, with emphasis on the
relationship of the recent volcanics to older materials.
Approximately 30 K-Ar analyses will be made,
primarily to provide absolute dates on whk a to base
the volcanic history of the island. Additionally, 24
Sr87 /Sr86 analyses will be made to aid in the inter-
pretation of the petrogenesis of the volcanic rocks.
Laboratory work on rock materials is in the initial
stages.

The field work disclosed a number of important
features that had not been recognized by previous
workers or were erroneously interpreted. Among
these is the common occurrence of cut-and-fill struc-
tures on a wide range of scales, the most spectacular
of which is located southwest of the Argentine base.
Here, well-bedded, Post-Caldera lapilli agglomerate
is draped over and has buried a hill approximately
150 m high that is probably composed of Pre-Caldera
breccia and lapilli tuff. The agglomerate forms a
buttress unconformity and dips away from the hill
at an angle of repose of about 29°.

The writer disagrees with some of Hawkes' inter-
pretations regarding probable vent sites. Notable
among these is Cathedral Crags, which Hawkes
believes to be a major vent. The Crags is composed
of massive, yellow lapilli breccia showing indistinct,
nearly horizontal stratification. The material is pos-
sibly an ash-flow deposit, or it may have resulted
from massive eruptions of the Krakatoan type, but
it does not show features characteristic of vent com-
plexes. One outstanding example of a vent complex
lies north of the Argentine base just west of the
central part of Fumarole Bay. Here, all stages of
subsurface autobrecciation may be observed, from
almost massive igneous rock near the base to lapilli
tuff near the top; breccia intrusions of several types
are also present. Within the vent complex and else-
where, thin (0.3-1 m) basalt dikes show sudden
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