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POSSIBLE CAUSES OF DEPLETION AND ENRICHMENT OF MINOR 
ELEMENTS IN ANTARCTIC MICROMETEORITES. M.Maurette, C.S.N.S.M., 
Bat.l08,91405 Campus-Orsay, France; G.Kurat, T.Presper, F.Brandstatter, Naturhistorisches 
Museum, Postfach 417, A-1014 Wien, Austria; M.Perreau, L.E.M., ONERA, BP 72, 92322 
Chatillon, France. 

Similarities with, and differences to, carbonaceous chondrites. Antarctic 
micrometeorites (AMMs) with sizes >50pm show unequilibrated mineral assemblages (1,2). 
Minor element contents of olivines and pyroxenes, as well as the large variability of MgISi, 
AVSi FeISi and CdSi ratios observed in AMMs further establish similarities between AMMs, 
the fine grained matrix of carbonaceous chondrites, and hydrous IDPs. But differences are also 
noted such as: marked depletions (with regard to bulk CI abundances) in S, Ni, and Ca contents, 
with factors ranging from =1 to 0.1, peaking at about 0.2,0.3 and 0.2, respectively, as well as 
strong enrichments in both P and K in some micrometeorites. The differences in elemental 
abundances could be indigeneous, but they might also reflect terrestrial effects, that are discussed 
in further details in ref.3, and that result from atmospheric entry, weathering in Antarctica ice, 
and contamination by "man-made" activities. We try to assess below their importance combining 
textural features and chemical compositions. 

FIG. 1: SEM MICROGRAPHS OF ANTARCTICA MICROMETEORITES 

Textural features. The presence of some minerals in certain AMMs puts limits on possible 
effects of 'terrestrial processes: (i) (Fe,Ni) metal of primitive (i.e., low Ni) composition 
commonly survived oxidizing conditions in the atmosphere. Fig.lA shows such metal.inclusions. 
Similarly, we also noted in other AMMs that unprotected metal outside olivine has not been 
oxidized; (ii) (Fe,Ni) sulfides appear to be fairly stable as shown in fig.lB. Here a partially 
melted AMM consists of a vesicular rind covering an unmelted core. This core contains a large 
amount of small (Fe,Ni) sulfides with a wide range of compositions from Ni-poor pyrrhotite to 
Ni-rich pentladite with no systematic trend with its position relative to the melted rind. 
Apparently sulfides are not being lost unless they are destroyed by melting. 

Bulk chemical compositions. Ni, Ca and S concentrations have been measured by 
several techniques (INAA (43) and electron microprobe and EDX analyses (1,2)) in chondritic 
spherules, that result from the melting of micrometeorites, and unmelted AMMs. A comparison 
of elemental abundances of both types of particles shows: 
(i) The S, Ni and Ca contents are not correlated. This excludes the loss of a major single S-Ni- 
rich and/or S-Ca-rich phase during either atmospheric entry or terrestrial weathering; 
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(i) The S, Ni and Ca contents are not correlated. This excludes the loss of a major single S-Ni- 
rich and/or S-Ca-rich phase dwkg either atmospheric entry or terrestrial weathering; 
(ii) Most chondritic spherules have been both completely melted and hermetically "sealed" 
against stratospheric weathering (see ref.3) and weathering in the ice. The distribution of their Ni 
contents is quite similar to that of unmelted AMMs when spheres with a very low Ni content, 
resulting from the loss of a Fe-Ni-rich nugget, are excluded. This indicates that Ni contents in 
micrometeorites have been mostly unaffected by frictional heating and terrestrial wheathering., 
and that the common Ni depletion is primary; 
(iii) This conclusion can also be extended to Ca, as the variations of Ca contents in the spheres 
and unmelted AMMs are also similar. In particular most "chondritic" AMMs are depleted with 
regard to bulk CI values, but some of them are not depleted. 
(iv) Most of the sulfur is lost from the spheres upon melting, indicating a severe effect of 
frictional heating. Thus, in unmelted to partially melted AMMs the sulfur content is much higher 
than in the spheres. However it is not related to indices of heat metamorphism, such as a "rind" 
of vesicles (see discussion of figure 1, above). Major sulfur losses in unmelted micrometeorites, 
if they did occur, can be probably best explained through the leaching of some highly soluble 
sulfates. However there is no correlation between S and either Mg or Fe "deficits" in the grains, 
and conventional etch features (such as veins, reactions "aureoles" and voids with or without 
imprints of crystal faces) have not be found yet in the grains. 

Conclusions. There is good evidence for preterrestrial depletions of AMMs in Ni and Ca . 
No evidence could be found for a remobilization of these elements by terrestrial processes. In 
case of the S depletion, however, terrestrial remobilization can be considered unlikely for 
sulfides but -naturally- not for sulfates. Leaching of the latter from unmelted AMMs is possibly 
one of the major causes of their depletion in sulfur. 

Ackowledgments. We thank "Expeditions Polaires Fran~aises", IN2P3,and INSU in France, 
and the Austrian "Fonds zur Forderung der wissenschaftlichen Forschung" (project P8125- 
GEO; G.K., P.I.) for financial support. 

References: ( 1 )  Maurette et a1 (1991) Nature 351, 44; (2) M.Christophe Michel-Levy and 
M.Bourot-Denisse, Meteoritics (1992) in the press; (3) Maurette et a1 (1992), this volume; (4) 
E.Robin (1988) PhD Thesis, Orsay; (5) C.Koerber1 et a1 (1992) this volume. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


