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INTRODUCTION The first examples of refractory interplanetary dust 
particles (IDPs) have recently been reported from the stratospheric cosmic 
dust collections [I]. Because of their refractory mineralogy, these 
particular IDPs hold promise of revealing details of the earliest states of 
the primitive solar nebula. Unfortunately, compositionally similar 
spacecraft debris particles are collected along with the refractory IDPs, and 
discrimination between these two sample types is difficult. We have 
therefore been sifting through pre-industrial aged Antarctic ice for 
additional samples of refractory IDPs [2]. 
PROCEDURE Clean ice was collected by us at the Allan Hills Main Ice Field in 
South Victoria Land, Antarctica. This ice has been dated to be -700,000 yrs. 
old [3], precluding the possibility of industrial contamination. We melted 
the ice in a clean facility at the Johnson Space Center, collecting the 
released particles onto Nucleopore filters. We located particles of 
refractory bulk composition on these filters by making X-ray "element maps" 
for Ti, A1 and Ca, using a JEOL 35C SEM. We then further characterized the 
most promising particles by electron diffraction, using a JEOL lOOCX STEM. 
We collected light and heavy element analyses at 15kV using a windowless 
Princeton Gamma Tech (PGT) EDX detector, and employed PGT BSAM and Dust2 [4] 
data reduction and correction programs. Thus, we have characterized all 
phases reported here on the basis of both composition and electron 
diffraction. 

RESULTS The results for two unusual particles, 1218 and 705, are described 
here. Particle 1218 was a fluffy tabular individual measuring -100pm square. 
It was disaggregated during analysis. We found it to be composed of 
sub-micron sized euhedral crystals of Ti O9 and Ti 0 , dispersed within a 
matrix of kaolinite. Particle 705 was white gnklsquarish, measuring 
- 1 0 0 ~  on edge. We crushed and disaggregated this particle, and found 
individual grains (A-G) to generally be composed of titania phases, of the 
composition TinO (n-4 to lo), dispersed within kaolinite. These titania 
phases are typica?~jrleuhedral crystals measuring 0.01 to 0 . 2 ~  in greatest 
dimension. One grain (705D) also contains rare crystals of ZrTi04. Grain 
705G is particularly interesting. One half of this particle (the top half in 
Figure la) consists of titania phases within kaolinite (see the closeup in 
Figure lb, scale bar measures 0.1~). However, the bulk EDX spectra of 705G 
(Figure 2a) shows the presence of significant carbon. An EDX spectra of the 
lower, coarser-grained portion of 705G (Figure 2b) shows the presence of 
abundant carbon (20-23 wt%), as well as -1% Rh and Ca. This portion of grain 
705G is composed of titania phases within kaolinite and sub-micron sized 
crystals of Tic within a carbon matrix. We have not yet completely 
characterized the carbon, or located the site of the Rh. 
DISCUSSION It remains for us to demonstrate that the particles described 
here are truly extraterrestrial, however we feel this to be probable for the 
following reasons: 1) of the phases encountered, only kaolinite has been 
reported from natural terrestrial sources, 2) the titania phases (more 
properly called Magneli phases) have been reported from chondritic IDPs [5], 
3) contamination from man-made materials is precluded by our sampling, 
handling and analytical procedures. The Magneli phases found within 
chondritic IDPs [5] are found to be associated with kaolinite, as they are 
here. This kaolinite could have resulted from the aqueous alteration of 
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pre-existing Al-rich glass, of the type found within refractory I W s  [I]. 
Magneli phases are potential cosmobarometer/thermometers [6], and are known 
to be easily grown from a vapor phase transport mechanism [6]. ZrTi04 
behaves very similarly to Magneli phases. These phases are therefore 
probably nebular or circumstellar condensates. Tic is an extremely 
refractory phase, which is hypothesized to be a principal condensation 
product in the expanding carbon-rich shells about supernovae [7]. Its 
occurrence in grain 705G in close proximity with Magneli phases probably 
indicates a genetic relationship, i.e. the reduction of Magneli phases in the 
presence of carbon to Tic, or the oxidation of Tic to Magneli phases in the 
presence of increasing oxygen. 
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