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USNM 5241 is an AUende Type B1 refractory inclusion that consists of a 
melilite-rich spinel-poor outer mantle, a spinel-pyroxene-rich core, and several spinel- 
free "islands" that were interpreted by [I] to be xenoliths. El Goresy et al. [I] also 
suggested that the melilite mantle and the spinel-rich core have different origins. 

We presented preliminary data [2] for the distribution of rare earth elements 
(REE) within individual phases of 5241. Because we assumed that the DmeUliquid 
(REE) are constant and independent of melilite kermanite content, the data were 
interpreted to be inconsistent with the classical simple model for Type B1 inclusion 
formation [3,4] in which a homogeneous melt droplet solidified by inward-progressing 
fractional crystallization. However, existing (and scanty) experimental data suggested 
that this assumption is not correct and, indeed, Beckett et al. [5] subsequently showed 
that Dmellliq (REE~+) are proportional to GedXh. We have incorporated this 
functional form of the melilite REE partition coefficients into our models, along with 
more exhaustive trace element analyses of phases in 5241 and new data for Mg 
isotopic compositions in all three structural components, and we here reevaluate 
possible models for the formation of 5241. 

REE data. -- REE abundances in two traverses across the melilite mantle decrease 
markedly from the inclusion surface to 0.3-0.5 mm inward, whereas the melilite 
aermanite content increases from k 3 - 5  to &30. From 0.3-0.5 mrn to 1 .O- 1.2 mm in 
from the surface, the REE abundances and melilite &ermanite content (BLk30) remain 
nearly constant. Across the interface (at - 1.2-1.4 rnm) between the melilite mantle 
and spinel-rich core, REE abundances (except Eu) in mantle melilite crystals that 
extend into the spinel-rich core (the "melilite veneer" of [I]) decrease gradually. The 
abundances of REE in, and the k content of, the center of a melilite crystal in the 
inclusion core are approximately the same as those of the innermost ends of the mantle 
melilite crystals. This spinel-rich core melilite crystal is oscillatory zoned: from its 
center to - 0.3 mm away from it the REE abundances decrease, accompanied by an 
overall increase in melilite &. A local maximum in REE at - 0.5 mm from the crystal 
center is accompanied by a local minimum in kc. The behavior of REE and f i  in the 
outer margin of the crystal varies: on one side where the crystal borders on a spinel- 
free island, the REE monotonically decrease and the & increases to - k 6 3  whereas, 
on the opposite side of the crystal, the REE go through a minimum and then increase 
out to the crystal edge while & increases gradually to &S and remains constant out 
to the edge. REE abundances in melilite within the spinel-free islands are uniformly 
very low and show no zoning profiles like those in melilite from the mantle and 
spinel-rich core. 
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Mg isoto~ic data. -- Analyses of the Mg isotopic compositions of core, mantle, 
and spinel-free island phases are identical within analytical uncertainty. However, in 
one location on the very outermost surface of the melilite mantle, exceptionally 
gehlenitic melilite (- k3) shows a slight 2-3 f 1.6 0100 (1 0) enrichment in 2 5 ~ g .  

Nature of the s~inel-free islands. -- Although the absence of any difference in Mg 
isotopic composition between the islands and the rest of 5241 is inconclusive, the 
marked variations in melilite REE abundances and lack of zoning in the island 
melilites support the conclusion of [I] -- based on mineralogy and minor element 
composition -- that the islands are "xenoliths." 

Revised evaluation of fractional crvstallization. -- In general, the REE data are 
consistent with fractional crystallization, although there is considerable scatter of the 
REE abundances in part due to sectioning differences between the crystals and in part 
due to the presence of numerous &-rich halos around fassaite inclusions inside of the 
melilite. This different conclusion from [2] arises from taking into account [5] the 
very strong negative dependence of Dmel (REE) on increasing &ermanite content of 
the melilite for <- k40, which effectively negates the previously anticipated increase 
of REE in melilite due to buildup of REE in the melt. The absence of a REE 
discontinuity across the mantlelcore interface, and the absence of any Mg isotopic 
differences, do not support the model of [I] that the core and mantle originated from 
separate liquids. Assuming that the center of the melilite crystal in the spinel-rich core 
began forming at the same time as the innermost ends of the mantle melilite crystals, a 
fractional crystallization model predicts reasonably well the REE distribution in that 
core melilite, but only on the side away from the spinel-free island. The monotonic 
dropoff in REE adjacent to the island, accompanied by a large increase in 1Bk, may be 
due to local resorption of the islands by the melt. 

Evaluation of the role of volatilization. -- The constancy of the Mg isotopic 
composition of the mantle and the spinel-rich core indicates that volatilization played 
little if any role in the formation of the mantle, except perhaps locally at the very 
outermost surface of the mantle (possibly as part of rim formation). 

Conclusions. -- In a general way, fractional crystallization can account for the 
major REE distribution patterns within this complex Type B1 inclusion; small effects 
of volatilization and xenolith assimilation are seen on only a very local scale. REE 
abundances in melilite are strongly controlled by DE1 (REE), which in turn are 
strongly dependent on %fk; however, complexities in the & zonation in melilite, 
leading to small-scale variations in REE abundances, are not well understood. 
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