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Few CAIs have been studied as extensively as the type B 1 inclusion, Allende 5241. Three 
separate origins have been proposed for this inclusion; 1) capture of xenoliths by a liquid 
of uniform composition followed by crystallization and addition of a second liquid to form 
the melilite mantle [I], 2) capture and assimilation of xenoliths followed by fractional 
crystallization of a liquid droplet during cooling [2], and 3) partial melting of an aggregate 
of grains with accretion of a melilite mantle from a gas of solar composition during 
ambient heating [3]. MacPherson et al. [2] demonstrated that REE concentrations in the 
mantle melilite of 5241 are broadly consistent with experimental studies of REE 
partitioning in melilite as a function of Ak content [4]. Their study assumed that the 
mantle melilite crystals grew inward from the inclusion rim becoming more &-rich as the 
liquid was depleted in aluminum Meeker [3] described previously unrecognized layered 
chemical zoning in 5241 that is independent of individual melilite crystal-boundaries and 
that suggests an accretionary process may be responsible for mantle formation. A second 
type B1 CAI, Allende EGG-6, has been discovered to contain nearly identical layering to 
that observed in 5241 [5]. This study examines the REE in the mantles of both 5241 and 
EGG-6 in order to compare abundances and patterns between the layers described by [3] 
as well as between ma tchg  layers of the two inclusions. 

REE analyses were performed with the CALTECH ion microprobe. Analysis 
points from the inner, middle and outer regions of the melilite mantles were identified via 
the wide area chemical mapping techniques [3]. Points were chosen within each of the 
layers and near the boundary between layers. Twenty two analyses were performed on 
5241 and 18 on EGG-6. Representative analyses fiom 5241 and EGG-6 are shown in 
figures 1 and 2, respectively. Pyroxene analyses have negative Eu anomalies whereas 
melilite has a positive anomaly. 

RESULTS: Three main features regarding the distribution and abundance of 
REE in 5241 and EGG-6 were observed in this study. 1) REE patterns for melilite and 
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fassaite are complimentary in both inclusions as described by [I] for 5241. 2) The highest 
La and Eu concentrations were found near the core-mantle boundary in the same layer in 
both inclusions. The lowest La and Eu concentrations were found in %-rich (-60) regions 
in the inner-most layers of the mantle sequence as defined by [3]. REE concentrations 
appear to remain constant within continuous layers and also appear to correlate in 
matching layers between the two inclusions. 3) Overall, very similar REE abundance's and 
patterns were observed in mantle melilite in both 5241 and EGG-6. 

DISCUSSION: Complimentary REE patterns are consistent with crystallization 
from a liquid droplet. This suggests closed system crystallization and are the best evidence 
supporting a liquid crystallization model. Complimentary REE patterns could be 
compatible with an accretion model if the "system" were not an individual inclusion but 
some larger system possibly including many CAIs along with precursor material and gas. 
This would require substantial processing of the material prior to incorporation into the 
inclusion. Another possibility is that equilibrium between pyroxene and melilite may have 
been achieved after formation of the inclusion. 

The second feature stated above is consistent with an accretion model. The 
highest La and Eu CI-normalized concentrations (23-25 and 39-43, respectively) are 
found in layer 1 of the inner region of the mantle which is directly adjacent to the core- 
mantle boundary [5]. This is not consistent with a liquid crystallization model which 
predicts the La concentration to decrease with the fraction crystallized and be at a 
minimum near the core-mantle boundary [I]. In addition, the layers that are continuous 
within each inclusion [5] appear show constant levels of La and Eu. The lowest 
concentrations of La and Eu were found in the innermost layers of the mantle sequence in 
%-rich (-60) material. This is predicted by the liquid model for La but not for Eu, which 
should be at high levels in this region. The low levels of La and Eu are consistent with the 
model of [3] because partial melting would have to occur to produce melilite more 
magnesian than %42 [5] and concentrations would be greatly dependent on the precursor 
phases that melted. 

The third feature is consistent with an accretion model, but does not exclude a 
liquid origin. If the mantles of both inclusions accreted from the same source at 
approximately the same time, the corresponding layers of each inclusion would be 
expected to be nearly identical in both REE pattern and abundance. In the liquid model, 
REE abundances at a given location in the mantle would be controlled by the bulk REE 
composition, the fraction crystallized, and by the % value of the melilite. For similar 
concentrations of La and Eu to be present in the same mantle positions, the bulk REE 
composition of the inclusions must be very similar. This is certainly possible, but there is 
no a-priori reason why this should be the case. In conclusion, it is not possible to 
definitively exclude either model of the origin of 5241 and EGG-6 based on M E  at this 
time. Further studies are necessary to determine the complete pattern of REE 
concentrations between the two inclusions and the various layers, as well as to search for 
any isotopic variations that may give additional clues to the origin of these inclusions. 
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