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Since its retrieval in 1968, the Byrd Station ice core has been
the subject of a wide variety of scientific investigations (e.g.,
Cragin et al. 1974; Cow and Williamson 1971; Johnsen et al. 1972;
Kyle and Jezek 1978; Thompson 1977). Of particular interest is
the presence of 25 ash and 2,000 dust layers of volcanic origin
believed to be derived from sources in Antarctica (Kyle and
Jezek 1978).

To date, most of the studies have concentrated on the ash
layers presumably because the larger particles and greater
abundance of material facilitate analysis. In this paper, we re-
port on some new analyses of ice chemistry and on the com-
position and morphology of particles of some of the dust layers.
New data on several of the ash layers are also presented.

The samples examined in this study were taken from sections
in which dust bands exist as well as from dust-free ice. Each
sample, representing about one year of accumulation, was
cleaned and melted using techniques described by Langway,
Herron, and Cragin (1974).

Measurements of acidity, conductivity, sulfate, nitrate, so-
dium, and aluminum were performed. Most core sections have
fairly complete acidity and conductivity profiles while the other
parameters were only measured on selected samples. Acidity

and conductivity measurements are well correlated for samples
in which there are no dust layers. When dust is present in a
sample of ice, the correlation is less clear. Many dust-bearing
samples have very low acidities or may even be alkaline, proba-
bly because of hydrolysis of silicate material which tends to
neutralize the acidity of the ice samples. Such reactions, while
affecting the acidity, may leave the conductivity relatively un-
changed because of the liberation of other ions in the hydrolysis
reaction. Sulfate peaks generally correlate with high levels of
acidity but also occur in sections where there are no elevated
levels of acidity, especially in dust-bearing sections of the core.
Likewise, sodium and especially aluminum are elevated in as-
sociation with dust layers. Nitrate measurements show no ob-
vious relationship to the dust layers. Finally, 31 excess sulfate
values were calculated for ice samples with and without dust.
This calculation takes into account the sodium contributed from
dust in the sample and the sulfate derived from seawater and
refers to the sulfate which occurs in excess of stoichiometric
sodium sulfate derived from seawater. Values range from -0.05
to 9.03 microequivalents/liter with most of the values in the
interval 0-2 microequivalents/liter. These results indicate that at
Byrd Station there is an important background component of
excess sulfate as well as a sporadic volcanic contribution associ -
ated with the dust layers.

Insoluble dust particles were recovered on filters to investi-
gate their morphology and composition. Samples from the 25
ash layers described by Cow and Williamson (1971) were also
examined. A small piece of each filter was mounted and carbon
coated for scanning electron microscope and energy dispersive
x-ray analysis work.

Preliminary studies of these samples indicate distinct dif-
ferences in size, morphology, and surface chemistry of the
particles from ash and dust layers. The ash layers are charac-
terized by fresh angular glass shards ranging in size from 5-50
micrometers with little or no surface alteration whereas the dust
samples contain aggregates up to 100 micrometers in diameter,
composed of smaller (1-2 micrometers) grains that are coated
with a surface alteration enriched in sulfur and chlorine (see
figure).

The high proportion of small particles (indicating a high de-
gree of fragmentation) and the presence of aggregates suggests
that the dust formed in volcanic eruptions under water or ice.
Subaqueous eruptions are known to produce aggregates of
small particles, called accretionary lapilli. The surface alteration
of the dust particles also favors the interaction with water.

We suggest on the basis of this information that the ash layers
were formed during normal subaerial eruptive activity while
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the dust layers were formed in subglacial volcanic eruptions.
According to Raynaud and Whillans (1982), the ice at Byrd
Station was some 200-250 meters thinner at the height of the
Wisconsin glaciation than it is at present. At the end of the
glaciation the ice began thickening, perhaps in response to
atmospheric warming and because of the ability of air masses to
carry more moisture. The increase in ice thickness may have
been sufficient to submerge Mount Takahe, which is the proba-
ble cause of the ash and dust layers (Kyle and Jezek 1978),
causing it to erupt through a covering layer of ice. We suggest
that the study of dust and ash layers in ice cores may provide
information on thickness changes and thus the stability of the
west antarctic ice sheet.

The samples examined in this study were obtained at the ice
core laboratory, State University of New York-Buffalo. Filters
containing samples of ash were provided by Tony Gow. Ice
chemistry work was performed at the Laboratoire de Glaciologie
in Grenoble, France. The scanning electron microscope work
was performed at the Los Alamos National Laboratory. This
work is being funded by National Science Foundation grant DPP
80-21402.

I _# I
(A) 2070X.1436 m. Enlargement of fresh vesicular glass shard (70
micrometers long) from ash band. Note bubble walls and adhering
particles. (B) 1360S.1564.18 m. Aggregates (65 micrometers long) of
1-2 micrometers particles. These particles are typical of the dust
bands.
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