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Introduction: Micrometeorites collected from Antarctic ice [I] are important samples of extrater- 
restrial material for a variety of reasons. Fis t ,  the particles fall in a size range (typically 100 pm) - . . -  

which bridges the gap between the relatively unaltered stratospheric dust particles (typic& 10 
CLm) and me te~r -~ roduc in~  objects (typically 1 mm). Thus, it is possible to study s&I;les which 
have under one partial heating during atmospheric entry. Information on the degree of heating 
experiencedis useful in inferring orbital parameters and source bodies. Second, the particles are 
well preserved compared to com arably sized particles from Greenland and ocean sediments. In 
the present work, we have studie I the mineralogy, textures and chemistry of 50 to 100 /.an particles 
collected in Antarctica during the 1991 French expedition [2]. Our goals were twofold - first to 
characterize the samples in terms of known meteorite classes- and second to study the metamor- 
phism both physical and chemical of these samples during atmospheric entry. This latter aim is 
motivated by observations of Zn depletions in otherwise chondritic-like stratospheric IDPs possibly 
reflecting atmospheric volatilization [3]. Previous minor and trace element measurements on deep 
sea sphkes suggested distinct elementid depletion trends [4]. 

Analytical Techniques: Dark particles (46 irregular and 8 spherical) were hand picked from the 
50-100 pm sieve kaction of the Jan. 16, 1991, collection, mounted in epoxy and polished in Orsay. 
Electron microprobe (EMP) analyses and micrographs were subsequently obtained at the American 
Museum of Natural History (AMNH), NY. Selected particles were then analyzed for trace elements 
using the synchrotron x-ray fluorescence (SXRF) miaoprobe at Brookhaven National Laboratory, 
NY [5]. The SXRF analyses were obtained with a 20 pm beam with 85 pm A1 filters on the 
incident beam (to minimize heating effects) and on the fluorescent beam (to reduce major element 
fluorescence intensities). Elements analyzed in this initial study included Cr, Mn, Ni, Cn, Zn, Ga, 
Ge, Se, Br and Pb. Abundances are reported nonnalieed to Fe and CI compositions. Spot analyses 
were obtained at selected EMP analytical points and one 2D elemental map was made of a sphere 
containing a metallic bead. 

Textures and Mineralogy: The Antarctic particles in the 50-100 pm size range exbibit a virtually 
complete suite of textures &om relatively unaltered samples to totally melted spheres. The 46 
irregular particles consisted of 75% "chondriticn- type and 25% fragmental-type (i.e., containing 
large olivine and/or pyroxene mineral fragments). Chondritic particles which appeared to have 
been unheated ("pristine") were typically he-grained assemblages of phyllosilicates with textures 
reminiscent of CM meteorite matrices. Several of these particles contained Fe-rich fiamboids. 
Surprisingly, the Upristine" chondritic group contained few obvious representatives of non-"CM" 
meteorite classes. Many of the irregular particles possess a highly orous, "scorian texture that is 
interpreted to be due to heating during atmospheric entry. Sever 8 particles contained "pristinen 
phyllosilicate material intermixed with scoriated material, a texture that we interpret as being 
produced by partial heating. A notable feature of the irregular particles was the common presence 
of Fe-rich rims which has been noted previously [6]. Approximately 70% of the particles exhibited 
such a rim but there was no correlation between rims and particle type. Spheres, one endmember 
in the heating sequence, exhibit textures analo ous to those of some deep sea spheres including 

protruding edge. 
f uniform, mottled, and barred types. One of t e eight spheres contained a metallic bead at a 

Trace Element Chemistry: The SXRF analyses concentrated on establishing the behavior of el- 
ements (esp., volatiles) during atmospheric entry. Three "pristinen phyllosilicate particles (AMNH- 
91-34-Dl, D2 and G4) showed relatively flat trace element abundance patterns (i.e., CI-like) with 
higher abundances of Se and Br and lower abundances of Ni. These atterns are analogous to 
those observed for stratospheric IDPs with the exception of the Ni dep Y etions. High Pb contents 
were commonly observed in the fine-grained Antarctic particles up to several hundred times CI 
(i.e., up to several hundred ppm). The absence of Pb in analyses of large silicates in the frag- 
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mental particles rules out an analytical artifact and suggests Pb contamination during the sample 
collection/preparation process. 

Three scoria particles (AMNH-91-34-A2, E6, and F8) showed widely different patterns. F8 
exhibited a pattern highly depleted in Zn, Ga, Ge, Se and probably Br, essentially that expected 
for a strongly heated sample. On the other hand, A2 and E6, exhibited patterns similar to those 
of the pristine particles. The pattern for E6 was particularly surprising since its texture was the 
most scoriated of any of the particles and was expected to show the most depleted pattern. 

Particle AMNH-91-34-G7B exhibited three distinct textures - pristine, scoria and rim - and 
allowed us to study elemental behavior on a single sample. Six SXRF analyses were made - 1 
matrix, 2 rims, and 3 scoria - and the abundances of Ni, Zn and Br in these spots are shown in 
figure 1. The results for the rims should be considered preliminary since the rims were thin (typically 
< 1 pm) and diflicult to analyze with the 20 pm beam used in the present work. Nonetheless, the 
general trends are for these elements to be depleted in the order pristine:rims:scoria. One of the 
two rim spots contained relatively high volatile contents (Zn and Br). Of the three scoria analyses, 
the most depleted spot was the one in contact with the particle's exterior. 

Four spheres were analyzed. The patterns for the two uniform spheres (AMNH-91-34-3 and 6) 
were highly depleted as expected. A "mottledn sphere (Am-91-34-5)  showed no trace elements 
or Ni above the detection limit of about 1 ppm. The fourth sphere (AMNH-91-34-8) had a barred 
texture and was noteworthy in that Zn was totally depleted but Ni and Cu seemed to have been 
unaffected (i-e., were near the CI values). This observation suggests that kinetic effects are impor- 
tant in the depletion process. A 2D map of the elemental distributions in sphere 6 (metal bead 
bearing) showed some Zn in the region of the metal bead but not intimately associated with it. 

Conclusions: The Antarctic micrometeorites are particularly valuable in studying the effects 
of atmospheric entry. The textures of the pristine chondritic-like particles are reminiscent of CM 
matrices. Their trace element abundance patterns are analogous to those observed for stratospheric 
IDPs with the exception of the ubiquitous depletion of Ni. In general, the heating and meltin of 
these particles in the atmosphere results in elemental loss. Spheres are more volatile depleted t an 
scoriated particles but a strict relationship between texture and composition is absent. 
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Figure 1: Trace element abundances in Antarctic micrometeorite AMNH-91-34G7B showing Ni, Zn and 
Br for various textural components - "pristinen, rims and scoria. Abundances in scoria are lower than those 
in the parental upristinen portions (labeled "matrix"). 
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