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REDOX CONDITIONS DURING THE CRYSTALLIZATION OF UNIQUE ACHONDRITE LEW 86010. G .  
McKay (SN4, NASA-JSC, Houston, lX,77058) L. Le, and J. Wagstaff (Lockheed ESCO, 2400 NASA Rd. 1, 
Houston, TX 77058) 

Introduction. Antarctic meteorite LEW 86010 has many chemical and mineralogical characteristics which 
suggest it is closely related to Angra dos Reis (ADOR) [ l q .  One unusual characteristic of these samples in the 
presence of an oxide mineral which appears to contain a significant proportion of ferric iron [4,q. The textural 
relationship to surrounding minerals in LEW 86010 suggests this oxide is of primary igneous origin, The apparent 
presence of femc iron raises the possibility that these meteorites crystallized under more oxidizing conditions 
than did most other achondrites. Because the distribution of Fe and Mg among mafic minerals and melt is 
influenced by the proportion of trivalent iron, calculation of the parent melt Fe/Mg ratio from mineral 
compositions requires knowledge of redox conditions during crystallization. 

To investigate this issue, we have studied the partitioning of trace and major elements among plagioclase, 
fassaitic pyroxene, and synthetic melts whose compositions are similar to those observed for bulk LEW 86010 
[4,5,9]. Experiments were performed over a range of oxygen fugacities, using our standard techniques. The 
observed dependence of partition coefficients on oxygen fugacity may be combined with Eu and Gd abundances 
measured for minerals in LEW 86010 by Crozaz et al. [6] to estimate the oxidation conditions under which these 
minerals crystallized. Knowledge of the oxidation conditions, in turn, allows use of appropriate distribution 
coefficients to compute the Fe/Mg ratio of the melt with which LEW 86010 pyroxene cores last equilibrated. 

Resultq. Plagioclase/liquid and pyroxene/liquid partition coefficients for Eu and Gd were measured at oxygen 
fugacities ranging over 4 orders of magnitude. The resulting partition coefficient ratios, D(Eu)/D(Gd) are 
plotted against oxygen fugacity relative to iron-wiistite in Figs 1 & 2. Values vary smoothly with oxygen fugacity, 
decreasing with increasing f 0  for plagioclase, and increasing for pyroxene. For comparison, the variation 
obtained from results of weidand McKay [8] for plagiodase in synthetic lunar highlands melts is shown in Fig. 1. 
Although the trends are similar, the fractionation of Eu from Gd at low fugacities is even greater for plagioclase 
in the analog LEW 86010 system. This might be expected from consideration of D(Gd) and D(Sr) in the two 
systems. D(Gd) for the lunar system is .025, while it is only .009 for LEW 86010. On the other hand, D(Sr) is 1.6 
for both systems. Because the partitioning of divalent Eu is similar to that for Sr, fractionation of Eu from Gd at 
low oxygen fugacities will be greater for LEW 86010, where the difference between D(Gd) and D(Sr) is greater. 
Fractionation for the two systems converges at higher oxygen fugacities, where the proportion of divalent Eu 
becomes smaller, and D(Eu) approaches D(Gd). 

In pyroxene, on the other hand, D(Sr) is lower than D(Gd) (.04 vs. .a), thereby explaining the increase in 
D(Eu) with increasing oxygen fugacity. 

Oxwen Fyescitv for Cmtallization of LEW 86010. figure 3 shows the ratio of D(Eu)/D(Gd) for plagioclase 
to that for pyroxene as a function of oxygen fugacity. Individual values plotted in Fig 3 were obtained from 
averages values for each oxygen fugacity from Fw 1 & 2 The ratio plotted in Fig 3 varies by nearly an order of 
magnitude over the 4 log-unit range in oxygen fugacity studied. 

Although the ratios of mineral/melt distribution coefficients were used to construct Fig 3, trace element 
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abundances in the melt cancel out of the expression, leaving mineral/mineral distribution coefficients as the 
quantity plotted. Hence, if Eu and Gd abundances are known for plagioclase and pyroxene which crystallized in 
equiliirium with one another, the redox conditions during crystallization may be obtained from Fig 3 (provided 
that the natural phase compositions and crystallization temperature are similar to those of the experiments). 
Equiliirium ratios of trivalent REE between core plagioclase and pyroxene [6,10] suggest equiliiration between 
these phases. The Eu/Gd ratio between these minerals [6] is shown in Fig 3, and suggests that crystallization 
occurred under relatively reducing conditions, closer to the iron-wiistite buffer than to the quartz-fayalite- 
magnetite buffer. 

Im~lications for Pvroxene FeIMg. In a companion abstract [9], we note an apparent discrepancy between the 
~ e m g  ratio of natural pyroxene cores and pyroxenes crystallking from a synthetic melt similar in composition to 
bulk LEW 86010. One possible explanation for this discrepancy might be that the experiments were performed 
under incorrect oxygen fugacity, so that the proportion of trivalent Fe in the experimental melt differed 
significantly from that in the melt from which the natural pyroxenes crystallized, thus affecting the value for 
D(Fe/Mg) between pyroxene and melt. Figure 4 shows the variation of this distribution coefficient with oxygen 
fugacity. Despite some scatter, D generally increases with increasing oxygen fugacity, reflecting the stronger 
tendency for trivalent Fe to enter pyroxene. Also shown in Fig 4 is the apparent D(Fe/Mg) obtained from the 
core pyroxenes and the LEW 86010 bulk composition [4,10] Note that if this D value represents equilibrium 
partitioning, it suggests that crystallization under much more oxidizing conditions than indicated by the 
partitioning of Eu and Gd between pyroxene and plagioclase. 

At least two interpretations of the above results are possible. On the one hand, the Fe-Mg data could reflect 
equiliirium partitioning at elevated oxygen fugacity, in which case Gd and Eu could not have equilibrated 
between plagioclase and pyroxene cores. We regard this possibility as unlikely. The observed distribution of REE 
between core plagioclase and pyroxene [l l]  is in agreement with partitioning experiments [12], strongly 
suggesting that these minerals were in equilibrium. On the other hand, the true oxygen fugacity could be 
indicated by Gd and Eu partitioning, with the apparently elevated D(Fe/Mg) between core pyroxene and bulk 
meteorite implying that the melt with which the pyroxene was last in equilibrium had a higher Fe/Mg ratio than 
the bulk meteorite. We favor the latter ihterpretation. 
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