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Calcium-aluminum inclusions (CAls) have ceramic-like

chemistry and mineralogy corresponding to theoretical
expectations for high-T condensation of solar nebula gas. Their
unusual chemical and isotopic compositions provide insights
into the processes that have shaped the compostions of
planetary materials. Some CAls have a highly fractionationed
REE abundances known as type II pattern, which is
characterized by a uniform enrichment in moderately refractory
REEs (Tm and La-Sm), a relative depletion in the most
refractory REEs (Gd-Lu except Tm and Yb), and a depletion in
the most volatile REEs (Eu, Yb) [1,2]. This pattern is
interpreted to represent a snapshot of the condensation
sequence, meaning that during cooling of solar nebula gas, the
most refractory REEs were depleted by scavenging in an ultra-
refractory phase, and the residual REEs left in the gas were
condensed except for the most volatile Eu and Yb [3-5].
Nebular fractionation of the REE left its imprint at all scales,
from CAls to bulk planets, in the form of Tm anomalies. To
test the scenario put forward for explaining type II REE
pattern, we have analyzed the stable isotopic compositions of
the REEs in several CAls. Specifically, we have measured the
mass-dependent fractionations of 8 REEs including Ce, Nd,
Sm, Eu, Gd, Dy, Er and Yb in a suite of 8 well characterized
CAls. We found that the CAls show diverse isotopic
fractionation patterns. The heavy REEs generally show
negative isotopic fractionations while the light REEs and Eu
showed both negative and positive fractionations, which is
inconsistent with the prevailing view on how these patterns
were established. More complex thermal processing must have
been involved.
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