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NI-RICH SPINELS IN MICROMETEORITES AND METEORITE FUSION 
CRUSTS. E. Robin1, Ph. Bonte1, L. Froget1, C. Jehanno1 and R. Rocchia1. 1centre 
des Faibles Radioactivites CEA/CNRS, 91190 Gif-sur Yvette, France. 

In trod u c t ion. Ni-rich spinels are often associated with iridium anomalies in 
sedimentary records. Until now, they have been observed: in spheroids in 
Cretaceous-Tertiary boundary rocks (1); in fragments in a lower-middle Jurassic 
hardground (2); in microkrystites discovered in late Eocene sediments (3) and in 
Eltenin glassy spherules of late Pliocene age (4). These minerals are believed to 
derive from projectile or target material during impact events (5,6) or to be formed 
in molten droplets produced by ablation in the atmosphere of the bolide itself (2). 
The discovery of Ni-rich spinels in Eltenin glassy spherules shows that they can be 
formed during asteroid oceanic impact (4). Here we report on the formation of Ni
rich spinels in cosmic objects which have been melted and oxidized in the Earth's 
atmosphere. 

Samples and procedure. Micrometeorite samples were extracted from Greenland 
cryoconites (7 ,8) and additional samples from deep sea sediments (9) were provided 
by D. E. Brownlee. Samples of meteorite fusion crusts, Orgueil (C1 type), Allende (C3 
type), Aumale (L6 type), Bruderheim (L6 type) and Saint Severin (LL6 type) 
chondrites, were provided by the Museum National d'Histoire Naturelle of Paris. 
Spinel crystals were analyzed on polished sections, using a JEOL JSM840 scanning 
electron microscope (SEM) equipped with an energy dispersive spectrometer (EDS) 
LINK-AN10000 analyser. We have systematically discarded data on small crystals 
( = 1J.Lm), which contain a significant contribution of the silicate matrix (Si02> 5%). 

Results and discussion. Spinels in micrometeorites and meteorite fusion crusts 
occurs as small numerous crystals of 1-1 OJ.Lm in size (Figs. 1-6). Dendritic, skeletal, 
cruciform and octahedral morphologies, which are characteristic of crystallization 
from a high temperature melt, are commonly observed. "Cosmic" spinels have 
relatively high NiO (1-10%) contents and high iron oxidation state 
(Fe 3 +IF etotal >65%) compared with terrestrial spinels. They also contain variable 
amount of MgO (0-25%), Al203 (0-15%) and Cr203 (0-15%). Minor amount of MnO and 
Ti02 (<1 %) may be present. Micrometeorite spinels have generally lower Ni content 

and lower iron oxidation state (Fe3 + /Fetotal> than those in meteorite fusion crusts 
(table). Magnetite (Fe3 0 4) is the dominant phase in micrometeorite spinels, and in 
some cases it is the only one phase, whereas it is magnesioferrite (MgFe2 0 4) in 
spinels in meteorite fusion crusts. These differences are attributed to deceleration 
and oxidation of micrometeorites in the upper atmosphere, under low oxygen 
fugacities, whereas meteoroids are decelerated and oxidized deeper in the 
atmosphere, under higher oxygen fugacities (1, 10). These results confirms that Ni
rich spinels can be formed directly in cosmic material heated and oxidized in the 
atmosphere. It demonstrates that a portion, if not all, of the spinel crystals found in 
K-T boundary rocks may be derived from meteoroid ablation material (1). 
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Extraterrestrial spinels: Robin E. et al. 

------------------------------------------------------------------------------------------------------------------------------------------------------
Micrometeorites St Severin Allende Bruderheirn Awn ale Orgueil 

Comp- mean range mean range mean range mean range mean range mean range 
onents % [145]% % [8] % % [17] % % [4] % % [19] % % [18] % 
-------------------------------------------------------------------------------------------------------------------------------------------------
MgO 5.1 0-15 5.8 3-7 8.6 5-13 10.4 9-12 12.7 10-15 12.0 8-16 
A1203 5.1 0-10 1.8 1-3 3.8 3-5 1.8 1-2 2.1 1-3 2.3 1-4 
Ti02 0.2 0-1 <0.1 0.1 <0.1-0.3 <0.1 <0.1 <0.1 

Cr203 3.1 0-20 2.8 2-3 4.7 2-6 3.2 2-5 2.7 1-4 3.1 0.4-17 
MnO 0.1 0-1 0.2 0-0.4 0.1 0-0.5 0.2 <0.1-0.5 0.4 0.3-0.5 0.4 <0.1-0.7 
pea* 22.8 15-30 19.1 16-24 14.8 8-20 9.1 8-13 8.5 4-13 8.0 3-14 
F~03 62.2 50-70 67.1 64-69 64.1 50-70 69.2 68-70 70.4 68-72 69.5 55-15 
NiO 1.4 0-3 3.1 2.5-3.5 3.8 2-5 6.2 4-9 3.1 2.3-3.8 4.8 2-8 

Fe3+petot 71.0 65-75 76.0 75-80 83.0 80-90 87.0 80-90 88.0 85-95 89.0 85-95 

*FeO calculations are based on spinel stoichiometry. The number of spinel analyses is given 
between brackets. 

Figures A-C: scanning electron micrograp.hs of Greenland micrometeorites with spinel crystals 
on the surface. Figures D-F: backscattered images on micrometeorite polished sections showing 
dendritic, skeletal and octahedral spinel crystals (white). Figures G-1: numerous spinel crystals 
of various shapes and morphologies in meteorite fusion crusts of Allende (0), Orgueil (H) and 
A urn ale 


