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FORMATION CONDITIONS OF OXIDIZED NI-RICH SPINEL; J. Gayraud, E. Robin, R. 
Rocchia and L. Froget. Centre des Faibles Radioactivitds CEA/CNRS, 91 198 Gif-sur-Yvette, France. 

Brief summary. We have studied the effect of varying oxygen fugacity and temperature on the morphology, 
abundance, and composition of Ni-rich spinel obtained by melting meteoritic material. The abundance and 
composition of spinel crystals are relatively insensitive to temperature and depends essentially on oxygen fugacity 
and initial composition of the crystallizing material. However, at low oxygen fugacity (loaf02 c -3.7 bar), the 

composition of spinel might also varies with temperature. The Fe3+/Featal ratio of spinel is essentially controlled 
by oxygen fugacity and is relatively insensitive to liquid composition and temperature. This ratio can therefore be 
used as an indicator of the oxygen fugacity of the environment in which spinel crystallized. The present study 
supports the view that the spinel crystals reported worldwide at the Cretaceous-Tertiary (K-T) boundary are derived 
from meteoritic material that equilibrated at logfw 2 -2 bar and T I 150°C. 

Experimental techniques. Spinel was synthetized by melting a few milligrams of meteorite in a platinum 
crucible enclosed in a quartz cell and placed in the coil of a high fhquency generator. The temperature was measured 
with an optical pyrometer calibrated at the melting points of gold (1063"C), palladium (1555"C), and platinum 
(1773°C). The range of temperatures studied in the experiments varies from 1335°C to 1670°C. The oxygen fugacity 
was controlled by varying the total pressure of an oxygen-rich gas phase flowing through the cell. The gas phase 
used was air for logfO2 from -6.52 to -0.68 bar. For l o g f a  up to 0.70 bar, we used a gas cylinder of pure oxygen 
at 200 bars ~ 0 ~ e c t e d  to a pressure-reducer. Total pressures in the cell were measured with a manometer for l o g f a  
between -4 to 0.7 bar, and a Pirani gauge for lower pressures (down to l o g f a  = -7 bar). The starting materials for 
the runs were powders prepared from 50 g of Saint Severin meteorite (LL6-type chondrite), and from 300 mg of 
Orgueil meteorite (CI-type chondrite) crushed and homogeneized in an agat mortar. 

Results and discussion. The abundance of spinel synthetized from Saint Severin, at T = 1335°C varies 
from = 1 wt% at l o g f a  = -6.52 bar to = 20 wt% at logf02 = -2 bar, and then remains nearly constant up to 
l o g f a  = 0.7 bar. A similar trend is observed with Orgueil, but the abundance of spinel is higher, even for lower 
oxygen fugacities, due to a higher initial iron content in this meteorite. The morphology of spinel crystals depends 
on the temperature and cooling rate. At high cooling rates, massive and relatively large octahedral and skeletal spinel 
crystals are observed up to liquidus temperature (Tliquidus = 1500°C at logf02 = -0.68 bar). Above this 
temperature, no spinel is observed. At low cooling rate, we also observed spinel cyrstals in samples melted above 
liquidus, due to the rapid growth of dendritic crystals during cooling. The composition of spinel varies continuously 
as a function of oxygen fugacity : the higher the oxygen fugacity, the higher the MgO, Fez03 and NiO contents, 

and the lower the Al2O3, Cr2Og and FeO contents. As a consequence, the Fe3+/Fetotal ratio of spinel also varies 
continuously as a function of oxygen fugacity, from = 50 atom% at l o g f a  = -6.52 bar to = 90 % at l o g f a  = 0.7 
bar (figure). As extensively demonstrated by several authors [l-31, the principal effect of changing oxygen fugacity 
is to increase or decrease the femclferrous ratio of the system. At a fixed temperature, the higher the oxygen 
fugacity, the higher the femc iron and the lower the ferrous iron contents of the system. As the total femc iron 
content of the liquid increases, Fe3+ progressively replaces c?+ and ~ 1 ~ '  in the spinel structure, and ~ i ~ +  and 
M ~ ~ +  replaces ~ e ~ + .  The spinel becomes richer in magnetite ( ~ e ~ + [ F e ~ + F e ~ ' ] 0 ~ ) ,  magnesioferrite 

( F ~ ~ + [ M ~ ~ + F ~ ~ + ] o ~ ) ,  and trevorite (Fe3+/?Ti2fFe3~04), and p r e r  in chromite (Fe2+[c?+I2o4) and hercynite 
(Fe2+[~13+1204). A similar variation of Fe3+/FetoM ratio of spinel is reported by Hill and Roeder [I] on spinel 
crystallizing from basaltic liquid (figure), showing that this ratio is relatively - independent of the composition of the 
crystallizing material. No significant variation in the composition and Fe5+/Femtal ratio of spinel is observed with 
temperature, at logfO2 = -3.7 bar and logfO;! = -0.68 bar. However, as the temperature increases, the femc iron 

content of the system is lowered and Fe3+ is progressively replaced in the spinel by c?+ and A13+, and the 
F~~+/(c?+ + ~ 1 ~ ' )  ratio of spinel decreases. This effect of the temperature on spinel composition is reported by 
Hill and Roeder [ l]  for spinel crystallizing from basaltic liquid at low oxygen fugacity (logfO2 = -7.0 bar). 
However, it is not observed in our experiments and we believe it is because this effect is effective only at low 
oxygen fugacity ( l o g f a  c 4.0 bar). Indeed, at high oxygen fugacities, the liquid is saturated with femc iron, even 
at high temperatures, and the Fe3+/(~?++~13+) ratio of spinel remains virtually unchanged. 
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Conclusions. The study of the formation conditions of oxidized Ni-rich spinel leads to the following conclusions: 
(1) Large euhedral crystals of oxidized Ni-rich spinel can be obtained by melting meteoritic material at high 
temperatures (between 1300-1500OC) and high oxygen fugacities (logfO;! > -4 bar), even for heating exposure 
periods as short as a few seconds. (2) The morphology, abundance and composition of spinel crystals vary as a 
function of oxygen fugacity, temperature and initial composition of the crystallizing material. The morphology of 
spinel crystals is essentially controlled by temperature and by cooling rate, and can be used as an indicator of these 
parameters. The ~e~*/Fetotal ratio of spinel is essentially controlled by oxygen fugacity and is relatively insensitive 
to variations in liquid composition (at least for basaltic, chonctritic, and all intermediate liquid compositions) and in 
temperature (at least in the temperature range 1 100-1700OC, for logfO;! ranging from -7 to 0.7 bar). This ratio can 
therefore be used as an indicator of oxygen fugacity of the environment in which spinel crystallized. (3) The present 
study supports the view that the spinel crystals reported worldwide at the Cretaceous-Tertiary (K-T) boundary are 
derived from meteoritic material that equilibrated at logfO;! 2 -2 bar and T 5 1500°C [4]. 

3+ 
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