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In July 1984 a new collection of cosmic dust grains was made by simple 
mechanical means on the melt zone of the Greenland ice cap (1). This collec- 
tion was then compared with that magnetically extracted from deep sea sedi- 
ments (2), by relying on both SEM observations and electron microprobe deter- 
minations of the major elements contents of the grains (3,4). Thus similari- 
ties but also challenging differences were found between both collections. 
In our two companion papers (see P.Chevalier et al.) we report on a prelimi- 
nary attempt to correlate the distribution of trace elements in individual 
grains to their microstructures, in order to further characterize such diffe- 
rences and find new clues about the parent bodies of the spherules. 

In this study we applied INAA for determining the concentrations of Ir, 
Cr, Fe, Ni, Sc and Co in individual spherules, after their neutron irradia- 
tion in Pierre Siie Laboratory (reactor OSIRIS). Our standarts included USGS 
Rock Standart A1 and MAG1 for monitoring of Cr, Fe, Sc and Co, as well as an 
aluminium barrel with lppm iridium content, that was prepared by A.A.Samadi. 
We thus analyzed 10 iron and 8 chondritic Greenland particules with sizes of 
> 100~m, and showing a typical shape of spherules. After this analysis the w 
grains were polished and their texture and major element abundances werechar- 
acterized with a high resolution/high contrast scanning electron microscope 
(Jeol 840) equiped with an EDAX system, that allowed us to discover new textu- 
ral features of the grains. 

Concentrations bf iridium in individual Greenland spherules: Eight iron 
spheres yield iridium concentrations (5.1; 5.1; 5.2; 5.4; 6.9; 7.1; 10.0 and 
12 ppm) which are similar within a factor of two, and only two spheres fall 
well outside this range of values (0.87 and 73 ppm). In the family of chondri- 
tic spheres five spheres give values (220; 296; 353; 374 and 378 ppb) that are 
very close to the average value determined for C1-chondrites and three spheres 
drastically depart from this trend (10, 54 and 2,970 &). These high iridium 
concentrations in all spherules thus confirm their extraterrestrial origin and 
consequently the existence of an extraordinary high enrichment (250%) of 
cosmic dust grains in the L 200pm-size residue of the mineral fraction extrac- 
ted from the Greenland melt lakes sediments. 

Trace elements fractionation in the Greenland spherules. To investigate 
patterns of depletion/enrichment in the spheres relative to C1-chondrites (5) 
we rely on K(x/Y)= (X/Y)/(X/Y)O correlation plots, where our value, X/Y, of 
the concentration ratio of element X and Y, is stated relative to Cl-chondri- 
tes (subscript 0). In this preliminary discussion we choose Y=Fe. Our results 
are: (i) Fe-spheres. For all the 10 spheres, including those with a high (73 
ppm) and a low (0.97ppm) Ir-content, a common pattern is observed, which is 
characterized by the following features: among siderophile elements Iridium is 
enriched. by factors 2-40, while both Co (0.8 c( K(Co) 5 2.5) and Ni (0.4 
K(Ni) $ 2.5) show small variations around the chondritic value; the two lith- 
ophile elements (Cr, Sc), are strongly depleted by factors 4-60. A remarkable 
feature of the log(K) plots is the good negative straight line delineated by 
the succession of the Ir, Co, Cr and Sc data points for most of the sphe- 
res, whose slopes seem to delineate 3 families of spheres; (ii) Chondritic 
spheres. A common pattern (quite distinct from that of the Fe-spheres) is 
again observed. Iadeed with the exception of the Ir-rich sphere, the sidero- 
phile elements (Ir, Co and Ni) show a roughly similar depletion pattern with 
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K(X/Fe) values ranging from 55. to -0.7; in contrast, both Cr and Sc, 
which were very strongly depleted in the Fe-spheres, now show normal K values 
ranging from *0.5 up to- 1.8; 

Constraints on the nature of the parent bodies of the spheres (The 
following comments originate from a stimulating discussion with J.Arnold): 
(i) The depletion patterns of the chondritic spheres look compatible with the 
loss of the most siderophile elements through the formation and subsequent 
ejection of Fe/Ni globules, that have already been directly observed by the 
Seattle and La Jolla groups; but in this case the C1-type high "residual" 
concentrations of iridium found in the spheres suggest that their parent 
bodies were somewhat enriched in Ir relative to chondritic meteorites; (ii) 
The Fe-spheres are probably not some "giant" globules that would result from 
this process of seggregation effective in a large chunk of chondritic mate- 
rial. Moreover the clustering of their iridium concentrations around a mean 
value of -7ppm, that has to be contrasted with the highly variable concentra- 
tions measured in iron meteorites, suggests that their parent bodies differ 
from usual iron meteorites. 

Correlation with microstructure: 1. Host phases of iridium. We monitored 
the variations of the Ir-concentration as a function of the residual amount of 
Fe detected after several polishing steps. In both the Fe and the chondritic 
spheres we observed generally several large discontinuities in the Ir-con- 
centration depth profiles, showing that this element is mostly concentrated 
in a few minute phases. With the SEM we observed in the Fe-spheres the "big" 
platinium nuggets (-1Opm) already reported by Brownlee et a1 (6), but we 
deduce from the number of the discontinuities in the Ir-profiles a higher 
abundance of these nuggets in some of the spheres ( 2 21sphere). Moreover we 
discovered in all Fe-spheres a new family of much smaller platinum nuggets 
( sizes U(lpm) coexisting with the big nuggets. These "nuggetlets", that show 
astonishing geometrical habits, are all depleted in the most refractory - - 

platinum group metals. For the chondritic spheres we are still in the process 
of identifying the minute host phases of Ir. But the SEN observations already 
reveal a few interesting correlation between their microstructure and Ir-con- 
tents, namely: the Ir-rich sphere shows a unique highly disordered microstruc- 
ture, characterized by both very tiny precipitates of an unknown phase in 
glass and the existence of numerous (Ni/Fe)-rich inclusions in the olivine 
grains; the two Ir-poor spherules are composed of a peculiar "intestine-loo- 
king" folded configuration of olivine and glass; 2. The peculiar distribution 
of Ni-poor islands in Fe-spheres. The spheres are all composed of a complex 
seggregation of a Ni-rich phase in a generally more abundant Ni-poor phase. 
The Ni-poor phase both contains all types of platinium nuggets and also forms 
the external layer of the spheres. The islands delineated by the Ni-poor 
phabe show a great diversity of shapes, that range from highly angular "frac- 
tal" islands interconnected by filamentary bridges (for the Ir-poor spheres), 
to the much smoother-rounded euclidien geometry found for the disconnected 
islands observed for the 5 spheres showing the "average" Ir content of -7ppm. 
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