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At least 10% of -40 isotopically analysed Ca-Al-rich inclusions (CAI's) 
have anomalies due to Fractionation and Unknown Nuclear effects, or "FUN" 
anomalies (I), independent of those due to in situ 2 6 ~ 1  decay or the wide- 
spread 160 excesses. Four FLTN CAI's - C1, EK-141, Egg 3 and HAL - contain 
direct information on the nucleosynthetic origins and evolution of solar sys- 
tem matter, and the first three are described below in response to the follow- 
ing questions:- What do FUN CAI's have in common? Is there an easy way of 
recognizing them? Do their properties point to any particular astrophysical 
model? 

A convenient framework in which to describe C1, EK-141 and Egg 3 (all of 
Type B) is the difference between the subtypes (2) B1 and B2:- Type B1 CAI's 
are concentrically zoned with a melilite mantle (ak 20-35) enclosing a core of 
melilite (ak 30-65), spinel, anorthite and Ti-Al-pyroxene (Tpx) whose 
maximum Ti0 > 7%. Unmantled Type B2 CAI's have less melilite (ak 45-90), and 2 
Tpx with a maximum of -7% Ti0 On average, B1 is more refractory than B2 in 2' bulk chemistry, i.e. is richer in CaO (30 vs. 262) and A1203 (20 vs. 26%) but 
poorer in Si02 (25 vs. 33%), Ti02 (1.2 vs. 1.4%) and MgO (10 vs. 12%). B1 and 
B2 differ also in minor U-Th-rich phases and in rims. 

C1 is Type B2; EK-141 is Type B1; Egg 3 is a composite Type B1-in-Type A 
CAI (3). C1 and Egg 3 belong to Mason's (4) refractory-rich Group I but EK-141 
is a rare coarse-grained Group I1 CAI with the depleted refractory/platinum 
metal (RPM) and heavy Rare Earth Element (WE) patterns of fine-grained aggre- 
gates. The bizarre object HAL (5,6), of no known Group or Type, completes 
this anarchic picture of FUN CAI individuality: C1 = B21, EK-141 = BlII, 
Egg 3 = BII/AI and HAL = ? 

C1 (7) Melilite and anorthite comprising one third of this 15 ma, vuggy body 
h a s b n  intensely altered in two stages: first by the common "grossular-vein" 
network of dark, fine-grained grossular, anorthite and aenigmatite, and then by 
unusual "Cl-alkali" alteration to large brown patches of olivine and sodalite, 
affecting Cl's bulk composition: Na20 4.4%, C1 0.8, K20 0.12, FeO 3.0, CaO 
16.7, MgO 12.4, A1203 28.8, Ti02 1.5 and Si02 32.3. Paradoxically, unaltered 
grains in C1 are abnormally water-clear, being free of visible opaque inclusions 

Melilite crystals, in the normal Type R 2  compositional range (fig.l), are 
zoned from ak 55-70 cores to ak 45-55 edges. Tpx crystals are also typically 
zoned, e.g. A1203 13-21%, MgO 9-13L, Si02 39-47%. Ti02 rarely reaches 7% 
(fig.2). All C1 spinel, Tpx and bulk analyses are uniquely deficient in V 
(Table 1). Microprobe analysis stoichiometry suggests that ~i~+/total Ti in- 
creases from Cl's core (<40%) to rim (>70%). Spinel is colourless in unaltered 
areas but deep pink (due to FeO) in altered and rim areas, with up to 0.14% 
ZnO in "Cl-alkali" areas. Clumps of exceptionally coarse pink spinels form a 
discontinuous rim "palisade" (8). Other rim layers are typically (for B2's) 
indistinct. The comon Ni-Fe metal, oxides and sulfides of Type B CAI's are 
absent in C1 though small (0.3-1.5 pm) ailoy nuggets like those in Type A CAI's 
are present (-25 per m2) and contain -55 ppm of total RPM's. These abnormal 
nuggets contain Cr and are depleted in V, Mo and W (Table 2). Normal Type B2 
grains of Ca-celsian, pyrochlore and Nb-perovskite are present (8). 
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Table 1. Minor elements in spinel and Tpx. 

Table 2. Preliminarv an~roximate average RPM com~ositions (wt.%). 

Wt.% 

CAI 

Type B1 mean 
(range 9 CAI's) 
Type B2 mean 
(range 6 CAI's) 
EK-14 1 
Egg 3 
C 1 

*excludes metal in sulfides averaging 1% Fe, 96% Ni, 1.5% Ge, 0.3% Mo and 
0.5% Sn approx. ""revised, see (14). 

V 
Cr 
Fe 
Ni 
Ge 
Mo 
Ru 

Re 
0s 
Ir 
Pt 

grains 
L 

EK-141. No thin sections except grain mounts of mineral separates exist. 
However, three things indicate that EK-141 is of Type El: (a) the melilite 
compositions, ak 20-70 (fig. 1) (b) the maximum Ti02 of -7Z in Tpx (fig. 2) (c) 
the accessories beckelite (CaTh REE silicate) and Ca-celsian (9). Thus EK-141 
probably had a melilite mantle around a Tpx-melilite-rich core. EK-141's un- 
usual abundance of spinels also occurs in other coarse-grained Group I1 CAI's. 
EK-141, like C1, has both colourless and very coarse, pinlc spinels and excep- 
tional amounts of "grossular-vein" and "Cl-alkali" alteration, suggesting that 
it was also enclosed in a coarse, pink spinel palisade whose permeability may 
have led to the extensive alteration. EK-141 spinel and Tpx (Table 1) have 
normal V203 but unusually high Cr20 , as in fine-grained agregates. Ti0 is 
high in spinel but low (for Type Blq in Tpx. Only a single Mo-free, RU-6t- 
rich RPM grain was found (Table 2) except for rare Fe-Ni-S grains (as in other 
coarse-grained Group I1 CAI's) confirms the Group I1 REE chemistry (10) and 
explains the water-clear unaltered crystals. 

"2O3 

Egg 3. The Type R1-in-Type A structure described in (2,3) accounts for the un- 
usual spectrum (fig. 1) of melilite compositions. Although Egg 3's Tpx and 
spinel are abnormally depleted in V203 and Cr203 (Table 1 and fi8.21, Egg 3 
is closer to "normal" than C1 and EK-141 and has: (a) relatively little 

Ti02 

Spinel 

0.38 
.19 - .55 
0.28 

.23 - .36 
0.52 
0.50 
0.42 

TPX 

0.30 
.22 - .46 
0.27 

.09 - .38 
0.23 
0.14 
0.02 

d . &  

C1 EK-141 Egg Egg 
(A) !B)* 

0.6 ? 0.4 - 
5.0 ? - - 
5.9 6 26.7 17.8 
1.7 14 67.2 73.2 
- - 1.0 <.1 
<.2 <.2 0.9 0.1 
35.4 36 1.2 0.7 
0.3 - - - 
1.0 - - - 

21.9 4 0.7 2.0 
17.3 3 0.7 2.4 
10.8 37 0.9 3.5 

20 1 28 23 
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Spinel 

0.42 
.29 - .51 
0.36 

.28 - .40 
0.46 
0.14 
0.02 

Cr2O3 

CI ppm 

49 
.23% 

16.3% 
.99% 

30 
.68;:* 
.69 
.088 
.035 
.480 
.514 
.900 

- 

Spinel 

0.22 
.16 - .34 
0.22 

.12 - .27 
0.56 
0.15 
9.31 

L? 

c~/CI E K - ~ ~ ~ / C I  Egg 3A/CI 

122 - 8 2 
2 2 - - 
.4 .4 1.6 
1.7 14 68 
- - 333 

<2.9 x lo3 <2.9 x lo3 1.3 x 103 
513 x lo3 522 x 103 17 x lo3 
34 x 103 - - 
286 x lo3 - - 
456 x lo3 83 x lo3 15 x lo3 
3 3 7 x 1 0 ~  5 8 x 1 0 ~  1 4 x 1 0 ~  
120 x lo3 410 x 103 10 x lo3 

- - - 

TPX 

0.07 
.05 - .10 
0.10 

.03 - .25 
0.11 
0.03 
0.08 
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alteration; (b) no coarse pink spinels; (c) large numbers of Ni-Fe metal, 
oxide, sulfides and complex RPM bodies in its Type B ,  part, and Ni-Fe-RPM alloys 
in its Type A part. All the metals have abnormal Ni and Ge enrichments and Mo 
depletions (Table 2). In the Type B1 part much of the "lost" Mo (plus Ge and 
Sn) occurs in sulfides. 

It is now clear that the definite mineral-chemical (and UN) anomalies in 
FUN CAI's are in no obvious overall pattern. If UN anomalies are due to in- 
complete mixing of different nucleosynthetic components (11,12) as gas and 
dust clouds collide (13), the associated turbulent movements of evaporating and 
condensing grains would quite naturally provide a mechanism for mass-dependent 
isotopic fractionation. It would furthermore be strange if incomplete mixing 
that led to UN anomalies did not also create variations in chemical composition 
and particularly in the O/C ratio and oxidation potential of the gas. Most im- 
portantly, a wide variety of abnormal compositions and fractionation should be 
expected in FUN CAI's produced in this way. By contrast, "ordinary" unfrac- 
tionated CAI's would in this model have formed in a well-mixed and no longer 
turbulent reservoir. 

A simple possible means of identifying - some FUN CAI's (of which three show 
signs of more oxidizing conditions, with depletions in V, Mo, W, Ce) may be to 
check their spinels for V or their RPM metals for Mo or W. The Group I1 status 
of EK-141 is very important because it means that condensation (of even more 
anomalous Group I CAI's that depleted EK-141's reservoir of RPM's) must already 
have been well underway before the mixing process ended. 
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Fig.2. Variation of ~l Fig.1. Distribution of melilite 
with Ti in Ti-Al-pyroxenes. compositions (% akermanite) . 


