
Search for cometary dust
in the antarctic ice

After a systematic survey of a series of samples across the
interval approximately 1830 to 1838, we believe we have
identified the Coseguina ash fall (figures 1 and 2), and thus
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Our laboratory is attempting to find and identify comet-
ary dust in particle samples from ice cores taken at the
South Pole and on the Ross Ice Shelf. There are neither
unambiguous chemical nor morphological criteria by
which cometary dust can be recognized. Thus, we are
taking a stratigraphic/statistical approach by searching in
core intervals already known to contain low total (mostly
terrestrial) populations of particles but also known to have
been deposited during a time of intense dusty comet or
cometary meteor activity. Specifically, we examine thou-
sands of the very fine fraction particles, approximately 1 to
5 micrometers in diameter, on the scanning electron micro-
scope and energy-dispersive X-ray analyzer. Even from
rather high relative velocity cometary meteor streams, par-
ticles of less than 3 micrometers have a good chance of
entering the atmosphere and settling to the Earth's surface
without melting or, under the most favorable conditions,
without significant heating.

Our initial effort is to search for particles from the great
Leonid shower of 1833. This target was selected because
there are many historical accounts of its being a particularly
abundant and spectacular display and because the ice stra-
tum that should contain particles from this shower can be
verified independently by its proximity to the ash fall from
the violent and well-known eruption of the Coseguina,
Nicaragua, volcano of 1835. Furthermore, data already col-
lected by researchers at The Ohio State University Institute
of Polar Studies indicated that the total particle concentra-
tion in the tentatively dated 1833 interval is rather small,
thereby indicating a potentially minimal terrestrial particle
dilution problem.

We have spent a significant amount of time character-
izing the particulate contaminants in the samples. This is
absolutely necessary for microparticle work, especially
work involving particles of unknown morphology and
chemistry. An encouraging finding of the contaminant
characterization is that the samples are quite clean and free
from numerous contaminants, and those that are present
seem to be easily recognizable.

Figure 1. Andesitic shard probably from the Coseguina,
Nicaragua, volcanic eruption and ash fall of 1835. This is an
easily recognized stratigraphic marker in the ice but the
exact identity of the volcanic source remains open to ques-
tion. Background is nucleopore filter paper, magnification
4,800X.

also have identified the immediately underlying layer that
should contain the Leonid meteor particles. In addition,
we have identified a number of particles whose chemical

Figure 2. Andesitic spherules, stuck together, probably from
the Coseguina, Nicaragua, eruption and ash fall of 1835. Such
spherules are abundant in this sample and testify to the
violence of the ejection of magma into the atmosphere. Back-
ground is nucleopore filter paper, magnification 11,200X.
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compositions indicate that they are extraterrestrial, but
most of these probably are meteoroid ablation products
(figure 3) or particles produced by the breakup of fragile
sporadic meteoroids in the Earth's atmosphere.

During the coming months, we will characterize a large
number of particles from the 1833 layer for morphology
and chemistry, attempting to identify a population of par-
ticles that may be derived from the cometary Leonid show-
er. If we find a particle population that appears likely to be
cometary material, we will analyze particles from another
ice layer that has the same advantages as the 1833 layer
to see if the same type of particle population is present.
We believe this approach—using the antarctic ice core
samples—is the only method of analysis that has a chance
to identify cometary material with a high degree of
probability.
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Figure 3. Predominantly iron spherule, probably a product of
atmospheric ablation of a sporadic meteoroid. Background is
nucleopore filter paper, magnification 9,800X.

Nitrogenous chemical
composition of antarctic
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Our objectives include an understanding of (1) the nitro-
genous chemical content of snow and ice of different ages
and from different geographic locations, (2) their concen-
tration ranges and periodic and nonperiodic fluctua-
tions, and, as far as possible, (3) their sources and the
mechanisms that cause these fluctuations. Details of the
above and some of our data, especially concerning
fluctuations in the concentrations of nitrate (NO) and am-
monium ions (NH +4 ) in a South Pole firn core and snow
from other sites in Antarctica have been discusssed previ-
ously (Parker and Zeller 1980; Parker, Zeller, Harrower, and
Thompson 1978; Parker, Zeller, Heiskell, and Thompson
1977, 1978a, 1978b; Zeller and Parker 1979).

Earlier (Parker and Zeller 1980) we summarized our ana-
lytical data, showing that short-term and long-term fluctua-
tions in N0 and NH occur not only in South Pole snow
and firn, but in snow and snowpit samples from locations
in Antarctica and in Dome C firn core material. Mean value
ranges differed from one location to the next, and winter
and summer snows showed variation in NO , suggesting
a seasonal fallout of N0 during spring. We also listed 12
possible origins of fixed nitrogen, estimating the probabil-
ity of each being a source for the antarctic ice sheet. In situ
N0 and NH production, core contamination, and NO
production by lightning were three sources essentially
ruled out; denitrification of soils, global anthropogenic and
pollutional sources, and volcanic activity (for NH )—all
with atmospheric transport—were considered unlikely as
major sources as was photochemical NO production.

With respect to the remaining potential sources listed,
N0 production by meteoroids or by X- and fly-rays from
supernovas were considered possible. Rood, Sarazin, Zeller,
and Parker (1979) have elaborated on the supernova pos-
sibility. Also, we have detected NO3-concentration peaks at
51, 54, and 100 meters in a 1978-79 110-meter South Pole
firn core which come close to the 1974 firn core N0 spikes
suggested by Rood, etal. (1979), and which may relate to the
supernovas SN 1604 (Kepler), SN 1572 (Tycho) and SN
1181. The NO spike at 83 meters (around 1300 A.D.), for
which Rood et al. (1978) found no record of a supernova, is
absent from our 1978-79 firn core. However, we find a
number of other spikes, probably due to the use of higher
resolution analytical techniques.
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