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During January-February 1991 a EUROMET team led by one of us (MM) used steam 
generators to melt 260 tons of blue-ice at Cap-Prudhomme in Antarctica. The water was sieved 
daily in four size fractions (25-50 pm, 50-100 pm, 100-400 pm, and > 400 pm) to recover 
micrometeorites (ANTMMs). The "quality" of each collection was judged by the concentration of 
cosmic spherules. Details of the collection procedures and available samples can be obtained from 
Maurette. 

Twenty-eight particles were hand-picked from the 50-1 10 pm size fraction of the collection 
made on January 24, 1991 (via1 24-01-50B). Each particle was crushed between two quartz 
plates and material on one plate was transferred to sputter-cleaned Au foils for SEM-EDS and ion 
probe analyses. Material on the second plate was transferred to KBr plates for hfiared absorption 
measurements (FTIR). In addition, a polished mount (16-1-50B), made in Paris and containing 82 
particles, was X-ray mapped to search for Sic  grains. 

Previous studies of Ne isotopes in sediment particles from both Greenland and Antarctica 
[1,2] have demonstrated that compositional criteria (EDS spectra dominated by Si, Mg, Fe, and Al 
with either Si, Mg, or Fe as the most abundant element and Al < Mg, with variable (small) 
amounts of Ca, Cr, S, and Ni) are reliable indicators of extraterrestrial origin. Twenty-three of the 
29 particles studied satisfy these compositional criteria and are considered by us to be 
micrometeorites (ANTMMs). Of the remaining six, three are probably extraterrestrial and three are 
likely terrestrial contaminants. Most particles are aggregates of submicron grains, although two 
"platey" ones were also found. Some particles had rims but most did not. The compositions of 
the particles studied here are similar to those reported for a set of particles recovered at an earlier 
date using analogous melt-sieving techniques [2]. Both sets show depletions of Ca, S, and Ni, the 
mean abundances measured here, when normalized to Si and relative to CI, are 0.39, 0.09, and 
0.48 respectively. The S and Ni means are strongly influenced by a few very enriched particles. 
For instance the removal of one such particle reduces the Ni mean to 0.18 indicating considerable 
heterogeneity of some elements in these objects. The ion probe was used to measure both the major 
and minor elements in 5 particles, 4 ANTMMs and a Fe-rich particle. The Fe-rich particle is 
relatively enriched in several elements, most notably Ba and the REEs (Fig. 1). The 4 ANTMMs 
have elemental abundance patterns that appear to be composites of the Fe-rich particle and 
approximately chondritic material (Fig. 1). Particles in the < 50 pm size range are dominated by 
flakes of rust from the steel piping used to melt the ice; possibly the minor element enrichments 
seen in the ANTMMs reflect variable contamination by corrosion products from the steel pipes. 

The X-ray mapping of 48 ANTMMs on the polished mount failed to reveal any S ic  
crystals. However, the total grain area examined [1.8 x 10-3 cm2] was small and the probability of 
finding a Sic  grain was I 10% even if the concentrations and size distributions of such grains 
were similar to those previously measured in a polished section of Cold Bokkeveld [3]. Additional 
mapping work is in progress. 

We now address the relationship of ANTMMs to other extraterrestrial materials. The 
Antarctic micrometeorites do not appear to be simply larger versions of stratospheric interplanetary 
dust particle (IDPs). About one-third of all IDPs show significant, heterogeneous enrichments in 
D/H [4]. In contrast, all of the 23 ANTMMs measured in the ion probe have normal hydrogen 
isotopic compositions. The IR spectra also differ significantly from those of IDPs. Although 
some mixed spectra occur, most IDPs can be classified into one of three classes: layer lattice 
silicates (- 50%), pyroxene (- 25%), or olivine (- 25%) according to the shape and structure of the 
dominant 10 p silicate band [S]. In contrast, although 19 of 20 ANTMMs measured had major 
10 pm silicate features, none of these spectra was dominated by the layer lattice feature. This does 
not mean that no hydrated minerals were present - simply that no particles consisting 
predominantly of layered silicates were found. Of the 19 with prominent silicate features, 11 were 
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dominated by olivines, 5 by pyroxenes and 3 appeared to be mixtures of olivine and pyroxene 
spectra . In addition, a complex band at -3.4 pm indicating the presence of aliphatic hydrocartKHzs 
was found in 14 of the 20 ANTMMs measured. (The corresponding situation for IDPs is less 
clear since IDPs are collected in silicone oil which also has a complex absorption feature around 
3.4 pn) Whether the organics seen in ANTMMs are indigenous or contaminants is unknown 
(one particle listed as a probable contaminant also has a weak 3.4 pm band). Although IDPs and 
ANTMMs differ substantially, this could be due partly to their different terrestrial histories. Being 
larger, ANTMMs suffer more heating during entry and this could preferentially destroy D-rich 
organic molecules. Heating above 5000C also tends to destroy the characteristic layer lattice IR 
feature [a. ANTMMs have been soaked in ice water for - 10 hours during collection and further 
exposed to unknown weathering before collection. Adsorbed terrestrial water would dilute any 
D/H enrichments. Nevertheless, although experimental work to test the role of environmental 
effects is in progress, we believe that the differences between ANTMMs and IDPs probably reflect 
fundamental differences in the objects as they exist in space. 

The possible relationship of ANTMMs to primitive meteorites has previously been noted by 
Maurette et al. [2]. Although IR spectra are not particularly diagnostic, CM meteorites, whose 
spectra resemble layer lattice IDPs appear to be ruled out. In contrast, many of the particles have 
IR spectra similar to those measured in UOCs, CO, CV, and CR meteorites [7] (Fig. 2). 
However, several UOCs as well as Renazzo exhibit bulk enrichments in D/H [8] and in this sense 
are different from the ANTMMs studied here. Moreover, the Ca, S and Ni depletions seen in 
ANTMMs, relative to those measured in the matrices of primitive meteorites, remain a problem for 
any direct linkage between ANTMMs and primitive meteorites. Possibly ANTMMs, which 
represent a significant fraction of the total interplanetary material accreted by the Earth, represent a 
distinctive type of extraterrestrial material. Additional work is necessary to elucidate this question 
as well as to determine if ANTMMs contain a significant fraction of interstellar grains. 
References: [ll Olinger C. T. et al. (1990) EPSL, 100,77-93. [2] Maurette M. et al. (1991) Nature 351.44- 
47. [31 Alexander C. M. O'D. et al. (1990) Nature 348,715-717. [4] McKeegan K. D. et al. (1985) Geochim. 
Cosmochim Acta 4 9 ,  1971-1987. [5] Sandford S. A. and Walker R. M. (1985) Ap. J. 291. 838-851. [61 
Sandford S. A. (1986) Lunar Planet. Sci. XVII, 754-755. [71 Sandford S. A. (1984) ICARUS 60, 115-126. [8] 
McNaughton N. J. el al. (1982) Proc. 13th LPSC, JGR 87. 
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Fig. 1 The Si normalized minor element abundances, relative 24-01-50-25 
to CI, in 4 ANTMMs appear to be mixture. of nearly 
chondritic material and a Fe-rich contaminant. 
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Fig. 2 IR absorption spectra of ANTMMs 24-01-50-25 and 27 w v c w m  

compared to similar data for primitive meteorites (taken fiom Sandford S.. ref. [7]). Although the spectra of tbe 
ANTMMs are similar to those of anhydrous IDPs no Antarctic particle had a spectrum similu to hat of the most 
common IR class of IDPs (layer lattice silicates), which have spectra similar to that of Chis. 
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