
CHONDRITE MELTING EXPERIMENTS: CAN ANGRITE LEW87051 BE 
PRODUCED BY PARTIAL MELTING OF A CV OR CM CHONDRITE? A.J.G Jurewicz 
(LESC C23, P.O. Box 58561, Houston T X  77258) and G.A. McKay (NASA SN2, Johnson Space 
Center, Houston T X  77058). 

Introduction: LEW2 consists of abundant, coarse subhedral to euhedral olivine crystals (-FOG()- 
90, typical grainsize -0.5mm) set in a fine-grained intergranular groundmass composed 
primarily of plagioclase, olivine, and Ca-A1 pyroxene [eg. 1,2]. The groundmass clearly 
represents a crystallized melt [3,4]. McKay et al. [6] proposed that this interstitial groundmass 
melt was produced by fractional crystallization of the large olivine crystals from a more olivine- 
rich melt. They created a "reverse fractional crystallization" model, using major and minor 
element partition coefficients from phase-equilibria experiments on a synthetic LEW2 analog, to 
calculate the compositions of liquids along the fractional crystallization path leading to the 
LEW2 groundmass, and the compositions of the resulting olivine phenocrysts. The model 
reproduced the Cr and Ca zoning patterns of the largest LEW2 olivines, with the exception of 
small cores. McKay et al.J6] proposed a specific composition for the olivine-rich parent melt, 
with a liquidus near 1320 C. 

Jurewicz et al. [5] performed equilibrium partial melting experiments on carbonaceous 
chondrites, and showed that melting at - 1 2 0 0 ~ ~  and an oxygen fugacity two log units above the 
Fe-FeO buffer (IW+2) produced melts with angritic affinities, but with lower normative olivine 
contents than either LEW2 itself or the proposed LEW2 parent melt of McKay et al. [6]. The 
present study extends the carbonaceous chondrite melting study of Jurewicz et al. [5] to 
temperatures above 1 2 0 0 ~ ~  and evaluates whether melting at these higher temperatures, and 
specifically melting at 1 3 2 0 ' ~  yields melts similar to the LEW2 parent melt proposed by [6]. 
Carbonaceous chondrites were investigated because (1) chondritic parents have been speculated 
to be reasonable parents by other workers [eg.,2], and (2) melts similar to the LEW2 groundmass 
were produced by partially melting carbonaceous chondrites at low temperature ( 1 2 0 0 ~ ~ )  [5]. 
The results of the partial melting experiments are then used to evaluate whether the LEW2 
parent liquid proposed by McKay et a1 [6] can be produced by partially melting carbonaceous 
chondrites, either by direct melting or by forming the parent melt predicted by the "reverse 
fractional crystallizationn model of [6]. 

Experimental: Meteorite powders (<74micron diameter grainsize) of both Murchison (CM) and 
Allende (CV) carbonaceous chondrites were pressed into pellets and "spot welded'' onto Pt40Rh 
loops using a fine torch. These charges were then hung in CO/C02 atmosphere furnaces at run 
conditions of either 1 2 7 5 ' ~  or 1 3 2 5 ' ~  and at an oxygen fugacity (f02) two log units above that 
of the Fe-FeO buffer (IW+2). Run conditions were chosen to enable comparison with the 
McKay et a1 [6] model and lower temperature experiments of Jurewicz et a1 [5,7]. Charges were 
drop-quenched into water after 4-5 days, depending upon the temperature. No effort was made 
to retain volatiles (as angrites are depleted in volatiles). Minimal or no iron loss was observed. 

Results: The melts produced at 1275 '~  and 1 3 2 5 ' ~  and IW+2 are silica-undersaturated, and 
coexist with olivine and aluminous spinel, consistent with the phase-equilibria of the LEW2 
analog of [6] and lower temperature melts of [5,6]. The 1275 '~  and 1 3 2 5 ' ~  compositions are 
plotted in Figure 1, an Olivine-Wollastonite-Anorthite (OL-WO-AN) projection from silica (SI) 
used in a phase-diagram for angrites [8]. The natural LEW meteorites [2,9,10], an estimate of 
the LEW2 groundmass [after 61 and other chondrite partial melts [5,7] are included for 
comparison. Because McKay et a1 [6] use IW+I in their experiments, not IW+2, Figure 1 also 
shows the effect of lowering the f 0 2  at constant temperature, 1 2 0 0 ~ ~  (arrow) [5]. 
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compositions [6,9] in figure 1, the 
experimental melts melts contain 
much more iron and have lower 
Ca/Al ratios and Mg#s at the 
increased temperatures (Figure 2). 
Decreasing the f 0 2  would not make 
the melts look more like LEW2 (cf, 
Figure 1, arrow): lowering the f 0 2  
destabilizes some spinel, further 
increasing the aluminum content of 
the melt 151. 

Conclusion: A liquid of the LEW2 
melt composition proposed by [6] 
cannot be produced by the 
equilibrium partial melting of a 
carbonaceous-chondrite source at 
1 3 2 5 ' ~  or below and at oxygen 
fugacities below IW+2. Although the 
zoning in the olivines still suggest 
closed-system cooling, LEW2 may 
represent a partial melt of a non- 
chondritic material, or an impact 
melt of an olivine-rich angrite 
protolith. Conversely, LEW2 may 
represent a low temperature melt 
containing olivine xenocrysts [4j. If 
so, then it should be possible to 
model the zoning of the olivines by 
assuming diffusion between the 
olivine and the melt. 
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