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ORIGIN OF CAI RIMS--I: THE EVIDENCE FROM THE RARE EARTH ELEMENTS; 
W.V. Boynton and D.A. Wark, Lunar and Planetary Laboratory, University of 
Arizona, Tucson, AZ 85721 

INTRODUCTION. We have analyzed rim and interior samples of two new 
Ca,Al-rich inclusions (CAI's), one from Efremovka and one from Allende. 
Both CAI's exhibit REE patterns in the rim that are similar to that of the 
interior except that the rim sample is enriched in absolute abundances of 
REE by factors of 5 (Efremovka, E-49) and 3 (Allende, CAI-6) and the most 
volatile REE, Eu, is depleted in the rim relative to the other REE. The 
data from each of these new CAI's support our previous suggestions [1,2] 
that the rims on the CAI's formed by a rapid heating process acting on a 
precursor CAI, leaving the rim as a refractory residue. 

PETROGRAPHIC DESCRIPTION. The Efremovka CAI (E-49) is an ellipsoidal 
9 x 4 mm Type A inclusion similar to those in Allende except that it is 
unaffected by the alkali-halogen-Fe alteration that pervades Allende CAI's. 
In E-49 the rim layers are clear and unaltered: going outwards we meet 
spinel + perovskite, melilite, Ti-Al-pyroxene (Tpx) which grades into 
diopside, and then the matrix. Volatile alteration processes therefore 
played no part in forming rims. The compactly textured interior is mostly 
melilite (zoned from ak 3 below the rim to ak 35 in the core) plus -6 vol% 
spinel, -2 vol% perovskite and traces of metal grains [ 3 ] .  

The Allende inclusion (CAI-6) is a 7 mm diameter Type B1 CAI, with a 
0.7 mm wide mantle of melilite enclosing a core consisting of melilite (55 
vol%), Tpx (20 vol%), spinel (25 ~ 0 1 % )  and metal grains [3]. The melilite 
grades inwards from ak 4 to ak 65, the Tpx is Ti-rich (10-15% Ti02), and the 
spinel is unusually low in V2O3 (0.2%) but high in Cr2O3 (0.3%). 

RESULTS. The results for the Efremovka CAI, E49, are shown in Fig. 1. 
(These data are based on INAA of a small rim sample following a low-flux 
irradiation; RNAA following a high-flux irradiation is in progress.) The 
pattern of the interior shows a typical Group I REE pattern with little or 
no fractionation among the REE except for a positive Eu anomaly. The rim 
pattern is similar except for a five-fold enrichment of the REE and a 
depletion of Eu. This enrichment of the refractory REE and depletion of the 
most volatile REE is consistent with our previous suggestion that the rims 
are a partial vaporization residue formed in situ as the result of a rapid 
heating of a precursor CAI [1,2]. 

The Allende CAI, CAI-6, (results not shown) has a Group I1 REE pattern. 
It is nearly unique in that the only other known Allende IIB CAI (Group 11, 
type B) is the FUN inclusion EK1-4-1. Because of the low content of ultra- 
refractory REE in the Group I1 CAI, only a few REE could be detected in this 
low-flux irradiation. Nevertheless, similar results are found: La, Sm, and 
Dy, are enriched in the rim and the most volatile REE, Eu, is depleted. 

FORMATION OF RIMS AS AN IN SITU VAPORIZATION PRODUCT. In this and our 
previous work (1,2) we have analyzed rims from five CAI's. Two of these, 
Haag-2 and E49, have Group I REE patterns with unfractionated REE abundances 
except for Eu and Yb,  and thus could have formed by any process that does 
not fractionate the REE. Three of the inclusions, Haag-1, 818b and 6, have 
fractionated REE patterns and the patterns, except for Eu and Yb, are 
duplicated in the respective rims but with higher REE abundances. Haag-1 is 
a 11.4 inclusion with a pattern fractionated according to REE volatilities, 
818b is a IB inclusion with a pattern in the mantle that is fractionated 
according to REE mineral preferences for melilite. CAI 6 from this work is 
a IIB inclusion with a pattern in the mantle fractionated by both effects. 
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Although the data from the rim of CAI-6 are not yet sufficient to determine 
if it has a pattern with exactly the same fracationation as the underlying 
mantle, the data are so far consistent with that conclusion. Because the 
same fractionated patterns that were produced by a variety of processes are 
reproduced in the rims, it appears that the rims could only form if they had 
been part of the original CAI's. The fact that the rims are always more 
enriched in the refractory REE suggests that the mechanism requires a rapid 
heating event accompanied by a loss of the more volatile elements from the 
surface of the CAI. This mechanism cannot account for the rims as they are 
observed today. Clearly additional, later, processes are required to add 
elements such as Mg [3] and, in the case of Allende, alkalis and halogens. 

IMPLICATIONS - The heating event which produced this evaporation must 
have been both very intense and of short duration. For example, it must be 
more intense than the event responsible for making ferromagnesium chondrules 
since chondrules do not have refractory-rich rims underlying their common 
volatile-rich rims [4]. Because the CAI rims are thin (50 to 100 
micrometers), the heating event must have been very rapid, perhaps on the 
order of seconds to tens of seconds. A further constraint is that the 
volatilization occurred under reducing conditions; under oxidizing 
conditions, Ce is more volatile than Eu and Yb [5], but depletion of Ce has 
not been observed in any of the rims. At this time it is not clear if any 
known astrophysical processes can account for these observations. 
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Figure 1 - REE pattern 
. in rim and interior of 
a CAI from Efremovka. 
The pattern of the rim 
is similar to that of the 
interior except that the 
REE are more enriched and 
Eu is depleted in the rim. 
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