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CHARACTERIZATION OF INTERPLANETARY DUST PARTICLES FROM ANTARCTIC ICE 
SAMPLES. S.J. Webb and M.E. Zolensky*, Department of Earth Sciences, Memorial 
University of Newfoundland, *SN2/NASA Johnson Space Center, Houston, TX. 

There is intense interest in refractory (high condensation temperature) 
interplanetary dust particles (IDP's) because these particles should be the 
first to condense from the early solar nebula, and would be the phases most 
likely to resist evaporation during the T-Tauri stage of our sun. Therefore, 
recognition and characterization of these particles would yield valuable 
information about the conditions that persisted in the earliest solar system. 
There is also the possibility that some refractory extraterrestrial grains 
could be pre-solar, or contain pre-solar components. 

These particles would be expected to contain the refractory oxides 
corundum, hibonite and perovskite, as well as refractory silicates such as 
melilite and fassaite [I]. A large variety of particles have been observed in 
the stratospheric dust collection and are described in the Cosmic Dust 
Catalogs from the Johnson Space Center [ 2 ] .  Many of these particles are 
refractory in composition, but have typically been attributed to spacecraft 
debris and rocket exhaust on the basis of morphology and composition. 
Recently, criteria have been developed which serve to distinguish between this 
spacecraft ablation debris and truly extraterrestrial material. When 
refractory particles contain metastable phases, such as gamma- or 
delta-alumina, rather than the more stable polymorphs (alpha-alumina or 
corundum in this case), the particles may be definitely ascribed to spacecraft 
debris, since IDP's are too old to contain such highly unstable phases. Also, 
spacecraft debris particles have not been observed to contain hibonite, 
perovskite, melilite or fassaite, making the identification of grains 
containing these minerals as IDP's fairly straightforward [ 3 ] .  

Employing these criteria, we have recently been successful in locating and 
characterizing several IDP's (collected from the stratosphere) containing only 
refractory phases, the first such particles to be reported [ 4 ] .  The 
extraterrestrial nature of these particles was verified by oxygen isotopic 
analyses [ 5 ] .  However, it would be helpful to have a pre-industrial age 
source of stratospheric particles with which to continue the search for 
further examples of refractory IDP's. Considering the scarcity of natural 
terrestrial samples of most refractory minerals, locating IDP's from amongst 
this source would be very straightforward. The pre-industrial age of such a 
source would also preclude contamination by (terrestrial) spacecraft material. 
Fortunately, the Antarctic ice cap contains a frozen record of atmospheric 
particles dating back more than one million years. 

Thus, in order to augment our collection of refractory IDP's, we decided 
to seek and characterize these particles from samples of pre-industrial age 
Antarctic ice. During the 1985-86 Antarctic field season ice samples were 
collected from the Far Western Ice Field and the Main Ice Field at the Allan 
Hills, both in South Victoria Land. These are fields of old, blue ice from 
which hundreds of meteorites have been recovered. For the purposes of this 
study, only sections of ice barren of meteorites were sampled, in order to 
eliminate the possibility of contamination from abrading meteorites. The ice 
at the Far Western Ice Field has been dated at <120,000 years, and that at the 
Allan Hills at -700,000 years [ 6 ] .  Since the ice was collected from ice 
fields where the ice is ablating at a fairly rapid rate (-5cm/yr) there is no 
danger of contamination by modern particles. To ensure that the ice remained 
uncontaminated, the samples were collected from a shallow trench excavated 
into the ice, without contact with tools, and were promptly sealed in 
precleaned teflon and nylon zip-lock bags. Approximately lOOlbs of ice were 
consequently shipped, still frozen, to JSC. Here they were melted and 
filtered in a clean facility. 
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The melt water was filtered through a sequence of vertically stacked 
Nucleopore filters of sizes 10 and 5 microns. Particle laden filters were 
epoxied to carbon planchettes for study in a JEOL-35CF Scanning Electron 
Microscope (SEM). Each filter surface was observed to hold hundreds of 
particles. Thus X-ray element maps were made of filter surfaces in order to 
quickly locate particles with refractory compositions. Typically, titanium, 
aluminum and calcium were initially mapped. Particles containing high 
concentrations of these elements were then analyzed more completely. 

The most common presumed sources of terrestrial particles in the ice 
samples include volcanic tephra, wind-blown sand and associated weathering 
products that have settled from the atmosphere, all of which may usually be 
easily recognized. Since the prevailing winds in the sample areas were 
towards the periphery of the continent, with only ice lying upwind, 
terrestrial particles in the ice were minimized, and extraterrestrial 
particles were relatively concentrated. Even so, much less than 1% of the 
particles observed on the filters were found to be refractory in composition. 
The most common particles on the filter surfaces were volcanic tephra. This 
material was probably largely derived from one of two nearby volcanic fields 
(the Ross and Pleiades Fields). The tephra from these particular volcanoes is 
commonly observed to contain basanitic glass, forsterite, plagioclase, 
fassaite, kaersutite, quartz and various sulfides [ 7 ] .  

Particles of refractory composition were removed from the filters and 
placed on carbon grids for microstructure study in a JEOL lOOC Scanning 
Tranmission Electron Microscope (STEM). 

To date, several intriguing particles have been encountered. Numerous 
white, spherical, aggregate particles containing only Ti, Si and 0 were found. 
Most of these particles were from the Far Western Ice Field. An electron 
diffraction examination of a typical example (measuring 20~x11 in diameter) 
showed it to consist of scattered rutile grains, averaging approximately 
0.15~11 in diameter, enclosed within granular cristobalite. We are not aware 
of any report of similar particles. Cristobalite has been commonly reported 
from volcanic eruptive rocks, but not associated with rutile in this manner. 
We consider it probable, but not definitely established, that these particles 
are of terrestrial volcanic origin. 

Particle 805 is a 1 0 ~  aggregate containing fassaite and hibonite. A 
grain containing merely fassaite might be derived from the nearby volcanic 
fields, as described above, however the presence of hibonite in 805 seems to 
conclusively indicate an extraterrestrial source. There are obvious 
similarities between this particle and the mineralogy of fine-grained CAI's 
[81. 

Antarctica thus presents us with a fourth demonstrated source of IDP's, 
augmenting our collections from the stratosphere, oceans, and Greenland. 
Characterization of these particles has only begun. After the preliminary 
examination of each particle we will thin section the most interesting grains, 
for more detailed analyses. One ultimate result of this study will be the 
development of a data base describing refractory IDP's which would aid in the 
identification of analogous samples from amongst the modern stratospheric 
particle collections. 
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