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G.R. Huss and G.J. Wasserburg. Lunatic Asylum, Div. of Geological and Planetary Sciences, 
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Isotope studies of CAIs from C03  meteorites have not been as extensive as studies from CV3s 
or CM2s, although some inclusions from C03s (a hibonite bearing microspherule in Lanct [I] and 
a hbonite-hercynite inclusion with an ultra-refractory REE pattern, also in Lanct [2]) are known to 
have atypical elemental and isotopic characteristics. As part of a survey of CAIs from C 0 3  
meteorites, we have identified three more isotopically interesting inclusions, and have observed 
parallels between these CAIs and previously-described examples from other meteorite classes. 
Two inclusions are texturally similar to hibonite-bearing microspherules and one inclusion was 
apparently formed by the same type of process as HAL-type hibonites. A comparison of CAIs 
from each class suggests that HAL-type inclusions were formed during multiple events in the solar 
nebula, whereas microspherules probably formed from a single reservoir. 

Hibonite-bearing microspherules: these rounded inclusions are typically composed of 
hibonite laths within glass of fassaitic composition. They have been identified from Murchison 
(CM), ALH 85085 (anomalous chondrite) and LancC (C03) [1,3]. We have identified two related 
inclusions, one in Colony (SP1) and the other in ALH 82101 (SP15). These inclusions are 
-200pm in diameter, and differ from previously described microspherules by the presence of 
crystalline fassaite that has been partially altered, instead of glass. A fine-grained mixture of FeS, 
nepheline and pyroxene exists in the altered regions. REE abundances for fassaite from these 
inclusions are unfractionated with a negative Eu anomaly, whereas hibonite (-20% of the CAIs) 
shows a "roll-off of HREE. The REE abundance patterns of the 2 inclusions are remarkably 
similar (fig 1). The REE patterns of SP1 and of SP15 resemble those of the LancC microspherule 
3413-113 1. However, they are different from the patterns seen in Murchison microspherules. 

Excesses in the neutron-rich isotopes of Ti and Ca were measured for SP15 but not for 
SP1 (see table). Magnesium is not significantly mass-fractionated in either inclusion, but does 
show fractionation-corrected effects in 2 6 ~ g .  Our results are consistent with previous 
measurements of microspherules (fig 2). SP1 has 626Mg<O%0 in each phase. SP15 fassaite has a 
6 2 6 ~ g  of -2.46f 1.65%0 (errors are 20 ,~ ) .  Positive 626Mg values are recorded only in the Al-rich 
hibonite of SP15, perhaps reflecting input from live 26A1. The inferred (26A1127Al)o is 
(4.4k2.4)~ 10-6 for SP15, and the inferred ( 2 6 ~ g / 2 4 ~ g ) o  corresponds to 8 2 6 ~ 8  = -2.6+1.3%0. 

HAL-type hibonite: HAL-type CAIs are hibonite-bearing inclusions that have 
distinctive isotopic and REE compositions, and are believed to have formed via a distillation 
process. They have been previously identified in Allende (CV), Murchison (CM) and Dhajala 
(H3) [4,5]. We have found a -50 pm long, single-crystal HAL-type hibonite (SP16) in Isna. The 
inclusion is enriched in REE by -5OxC1, and in common with other HAL-type CAIs, has extreme 
depletions in Ce and Yb and a slight Eu depletion (fig. 1). Ca is mass-fractionated 
(F,,=+12+2%0lamu), with no resolved non-linear effects. The 27A1I24Mg ratio is high (up to 
2500) and the grain contains an excess of 26Mg corresponding to (26A1/27A1)0=(2.4k0.3)x10-5. 

Discussion: It is remarkable that two types of very rare CAIs, microspherules and HAL- 
type inclusions, have been discovered in several meteorites of various classes. This indicates 
either that material produced by distinct, localized processes was widely distributed in the nebula, 
or that the processes that produced these objects were widespread. 

The general similarity in isotopic composition between the C03  and CM2 microspherules 
(see [I]) suggests that all of the microspherules formed from the same reservoir of material. 
However, microspherules SP1 and SP15, along with their counterpart in LancC, 3413-1131, define 
a set distinct from the microspherules found in Murchison, by virtue of their REE patterns. It is 
difficult to account for the distinct REE patterns between the C03 and CM2 microspherules if all of 
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these inclusions formed from one reservoir. Negative 626Mg values are uncommon in meteoritic 
material, but have been noted in other microspherules and in type B l  inclusions [1,6]. The 
weighted mean of the 2 6 ~ g  data from this work and [I] yields 626Mg = -3.2&0.4%0 (excluding 
two high Al/Mg points that may include a contribution from 26~1). These probably represent an 
isolated isotope anomaly in Mg, since explanations involving 2 6 ~ 1  are problematic. To produce the 
solar system magnesium composition from a 3%0 depletion of 2 6 ~ g ,  subsequent addition of 2 6 ~ 1  
to give a total 2 6 ~ 1 F 7 ~ 1  ratio of -3x10-3 would be required (since 27Alp6Mg = 1 in the solar 
system). 

HAL-type hibonites have been interpreted as distillation residues formed in an oxidizing 
environment [5]. While the REE patterns, Ca fractionation, and depletion in Mg and Ti point to a 
distillation origin for SP16, the differences in fractionation-corrected isotope compositions of Ca 
and Mg suggest that SP16 formed from a different reservoir of material than the other HAL-type 
hibonites. The (26A1~27Al)o in SP16 is the l a r g ~ l  of all the HAL-type hibonites, and SP16 is the 
only HAL-type hibonite that lacks a measurable Ca anomaly (see [5]). It appears that the process 
responsible for forming these inclusions may have been distributed in time and/or space, 
explaining why material that has undergone similar chemical processing is isotopically variable. 
In contrast, similarities in the isotope systematics of microspherules suggests that the 
microspherule-forming process was probably localized in time and space. Differences in REE 
patterns between spherules from C03s and other meteorites may be indicative of subsequent 
processing. 

References: [ I ]  Ireland et al. (1991) GCA 55 367. [2] Fahey et al.,  (1994)GCA 58 4779. [3] 
Grossman et al., (1988) EPSL 91 33. [4] Lee et al. (1979) Ap.J. 228 L93. [5] Ireland et al. (1992) GCA 56 
2503. [6] Wasserburg and Papanastassiou (1982) Essays in Nuclear Astrophysics pp.77. Division contribution 
#5887 (881). Financial support provided by NASA grant NAGW 3297. 

. . 
Lace Pr Nd SmEuGdTbDyHo ErTmYbLu 

-- 

27A1124M g 626Mg(%0) Slope -05) 648Ca (%o) 650Ti (%o) 
Colony SP1 hibonite 79.4k0.9 - 4 3  1.4 1.5k4.4 1.4k 4.3 
Colony SP1 fassaite 7.32k0.04 -2.1k1.2 -0.44k0.34 4.0f6.6 0.6k5.3 
82101 SP15 hibonite 116.9k0.2 + l .  l f2 .2  23.0k4.7 22.0k 3.6 
82101 SP15 fassaite 4.07k0.01 -2.5k1.7 0.44k0.24 25.7k3.3 19.1k6.2 
Isna SP16 (1) 1554k40 259.5k5.9 1 .Of 5.0 
Isna SP 16 (2) 2501k58 427.4k 5.2 2.4f0.3 
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