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Mason and colleagues classified Ca, Al-rich inclusions (CAISs) into different groups on the basis of their rare-
earth-element abundance patterns [1-3]. In this abstract, we present a new classification system for CAls based on
REE abundances; in a companion abstract [4], we discuss the implications of the REE patterns for nebular processes.
Fegley and Ireland [5] have compiled an inventory of =280 inclusions from 19 meteorites for which REE patterns
have been determined. In addition to the groups classified by Mason and colleagues on 35 Allende CAls, a wide
variety of other patterns are observed that are not covered in their classification. Examples of important non-
classified patterns are the ultrarefractory-enriched pattern (complementary to Group II) and patterns with large Ce de-
pletions such as HAL. While additional groups could be proposed to accomodate all patterns, the complexity of the
classification scheme would negate its usefulness. We propose an alternative sheme that is based on the observed
REE patterns that is flexible enough to accomodate new types of patterns which may be observed in the future.

First we note that the REE patterns are not random combinations of monoelemental components. Even
though Eu is predicted to be much more volatile than the other REE (e.g. [6]), its behavior is part of a trend involv-
ing Ce and Yb. Likewise, the ultrarefractory REE tend to also be fractionated as a group. The observed range in
REE patterns can be described in terms of three processes. These are (a) a fractionation which affects the ultrarefrac-
tory elements (Gd-Er and Lu), (b) mobilization of the more volatile elements (Ce, Eu, Yb), and (c) an overall frac-
tionation according to ionic radius that changes the overall slope of the pattern but produces no anomalies. Our pro-
posed classification system acknowledges that this third fractionation is distinct from the volatility-derived patterns
resulting from (a) and (b), but it is analogous to the igneous-derived patterns commonly observed in REE fractiona-
tions on planetary bodies. '

Patterns resulting from the ultrarefractory fractionation (F) include ultrarefractory-depleted (Fp) and ultrarefrac-
tory-enriched (Fg) types (Fig. 1). Mason and colleagues’ Group II is only a subset of the Fp group because the
canonical Group II has flat LREE and depletions in Eu and Yb. However, some Fp patterns have LREE fractionated
according to volatility and Eu and Yb excesses (note for example the perovskite patterns in [7], Fig. 1). Such pat-
terns have previously been referred to as “modified” Group II (e.g. [8]), but this designation does not give an infor-
mative description of the actual pattern.

Mobilization of the more volatile REE, Ce, Eu, and Yb, produces distinctive anomalies on unfractionated
(UF) REE pattemns, i.e. those that have no ultrarefractory fractionation. These anomalies are generally deficits but
excesses are also found, for example in Mason and colleagues’ Group I (excess Eu) and Group VI (excess Eu and Yb)
patterns. There is a large range in the types of patterns with variable presence or absence of anomalies in one or
more of these elements and specification of groups for each type of pattern would be too cumbersome. In order to
accomodate the nature of these anomalies we propose a classification using a three figure vector notation based on
the relative anomaly in these three volatile REE. For instance a flat pattern with no anomalies (c.f. Allende Group
V) would be (000), Ce deficit only would be (100), etc. In this terminology the other groups assigned by Mason and
colleagues would be (010) for Group I, (011) for Group III, and (011) for Group VI. In this way the anomalies can
be denoted by an algebraic representation rather than an arbitrary compilation into various groups. In the case of the
Fp and Fg patterns there is some difficulty in designating whether the volatile elements are anomalous or not since
there is a high degree of irregularity in the pattern. Taking normal abundances relative to the trend defined by the
LREE and Tm, the canonical Group II would be Fp(011), while the perovskite pattern in Fig. 1 would be Fp(101).

The third fractionation component often present in the CAI patterns is an overall fractionation according to
ionic radius. A simple following superscript of + or — can be used to designate if the pattern is LREE-enriched
(negative slope), or HREE-enriched (positive slope) respectively.

In addition to CAI classification, this system is applicable to REE patterns observed in other refractory min-
eral assemblages, e.g. CaS in enstatite chondrites as well as ferromagnesian chondrules. Using this terminology,
265 CAls compiled by us from the literature [3, 6, 7, 9-42] have been categorized (Table 1).
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1 Allende Group after Mason and coworkers [1-3].
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