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Major and trace element contents of two unmelted, three swriaceous micrometeorites (MMs) and one cosmic 
spherule are presented. The data confirm previous observations which showed that MMs have bulk compositions 
similar to those of hydrated carbonaceous chondrites but have experienced some alterations which led to 
depletions and enrichments of certain elements as compared to chondritic abundances. The new data also show 
various degrees of depletions of MMs in Na, Rb, Zn, Ni, Co, Au, and Se and enrichments in K, Br, Fe, Au, As, 
and Sb. Correlations between the degree of melting and some elemental depletions (Na, Zn, Au, Se) suggest 
elemental loss by volatilization, presumably during atmospheric entry. Depletions in Ni and Co could be due to 
leaching of soluble salts from the MMs. However, because the cosmic spherule shows a Ni,Co-depletion similar 
to that of the MMs, another mechanism causing the depletion must exist. We tentatively suggest that preferential 
loss of Ni,Co-bearing sulfates by decrepitation during the atmospheric heating event is responsible for the 
depletion. All enrichments of MMs in volatile elements are believed to be the result of recondensation of 
meteoritic vapors onto and into the MMs in the high atmosphere. Unusual enrichments of our MMs in refractory 
lithophile elements could be due to (unknown) contents of refractory minerals. 

SAMPLES and METHODS. Indivudual particles were selected from the 100-400 pm size fraction of the dust 
collection made on January 15, 1991, from the blue ice near the French Antarctic station Dumont d'urville [I]. 
The particles we report on here were selected because of their irregular shape and dark color, with the expectation 
that some of them will be unmelted micrometeorites. Particle masses ranged from 2.5 to 5 pg. In addition, one 
large (mass 59 pg), irregular cosmic spherule covered by COPS [2,3] was selected. Particles were analyzed by 
INAA following the procedure outlined in [4]. The samples are now being sectioned for petrographic and mineral 
chemical analyses. 

RESULTS. Preliminary trace element data are given in the Table and normalized abundance patterns are shown in 
the Figure. Refractory lithophile elements have unfractionated chondritic abundances only in the cosmic spherule 
5M1. The swriaceous MMs (5M2, SM5, 5M8) and unmelted MMs (5M3, 5M10) have fractionated refractory 
lithophile element contents, three of them (5M2, 5M10, 5M3) at super-chondritic abundances. The moderately 
volatile elements Na, K and the volatile element Zn are depleted in the spherule and in some swriaceous MMs. 
Potassium is enriched in one unmelted, Rb in one scoriaceous, and Br in all MMs. Also the spherule has a 
chondritic Br content. The siderophile elements show a peculiar pattern which is similar in all samples. Osmium 
and Ir have chondritic to super-chondritic abundances and are unfractionated. Nickel and Co are depleted with 
respect to 0 s  and Ir. The abundance pattern always follows the sequence Ni < Co <Fe. The Au abundance of the 
MMs is highly variable and ranges from about chondritic to enriched ('20xCI). The spherule is strongly depleted 
in Au. All MMs are strongly enriched in As and Sb, their average Se abundance is chondritic. The spherule has a 
similar pattern at a considerably lower abundance level. 

DISCUSSION. The largest sample, spherule 5M1, has refractory trace element abundances between 1 and 2xCI. 
The depletions in elements more volatile than Cr must be the result of volatilization during melting in the upper 
atmosphere [6,7]. However, many elements, which are more volatile than Na or Au, are not depleted in spherule 
5M1. Because it is covered by large amounts of COPS, we may speculate that the most volatile elements reside in 
this phase. Consequently, they were added to the spherule after it was formed in the high atmosphere. Similar 
enrichments of volatile elements in micrometeorites must have a similar cause [4,7,8] although these elements 
apparently do not reside in an identifyable phase. Similar enrichments observed in stratospheric IDPs 
(interplanetary dust particles) have also been shown to be likely of terrestrial 191 rather than primordial [lo] 
origin. Depletions of MMs in non-volatile elements such as Ni and Co have been interpreted as indicating loss of 
Ni,Co-bearing salts from the MMs by dissolution in water [7,8]. However, the fact that spherule 5M1 shows a 
Ninr fractionation identical to that of the MMs requires an additional mechanism, involving similar compounds 
such as Ni,Co-bearing sulfates. A possible - speculative - way could be a preferential loss of such phases by 
decrepitation during the heating event in the high atmosphere. The fractionated REE patterns displayed by most of 
our MMs are unusual. Such patterns have not been observed before [e.g., 4,6,7,11] except for a CAI-bearing 
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MM described by [12]. Some refractory grains might be present in these MMs which, however, we have not yet 
been able to identify. 
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Figure: Orgueil-normalized [5] abundances 
of selected elements in unmelted (5M3, 5M10) 
and scoriaceous (5M2, 5M5, 5M8) MMs and 
cosmic spherule 5M 1. 
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