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Introduction:  Ca,Al-rich inclusions (CAIs) in the 

least metamorphosed chondrites show a bimodal distribu-

tion of the initial 26Al/27Al ratio [(26Al/27Al)0] with peaks 

at ~0 and ~5×10‒5 [1‒5], most likely indicating heteroge-

neous distribution of 26Al in the protoplanetary disk dur-

ing an apparently brief epoch of CAI formation [2]. Most 

CAIs in these chondrites are uniformly 16O-rich (17O ~ ‒

24‰) suggesting formation in a gas of ~solar composition 

[3,4]. The important exceptions are isotopically anoma-

lous 26Al-poor CAIs with fractionation and unidentified 

nuclear effects (FUN) [5], 26Al-poor platy hibonite crys-

tals (PLACs) [6], and 26Al-poor grossite-rich CAIs in CH 

chondrites showing a range of 17O, from ~ ‒35‰ to ~ ‒

10‰ [7,8]. Grossite, CaAl4O7, is one of the most refrac-

tory minerals predicted to condense from a cooling gas of 

solar composition [9]. Grossite-bearing inclusions are a 

relatively rare type of CAIs in most chondrite groups, ex-

cept CH chondrites, the only group where they have been 

extensively studied [10‒13]. Here, we report on the min-

eralogy, petrography, O and Al-Mg isotope systematics of 

six grossite-bearing CAIs in DOM 08004 (CO3.1 [14]) 

measured in situ with the UH Cameca ims-1280. For ana-

lytical conditions during SIMS measurements see [12]. 

Isotopic compositions of grossite-bearing CAIs in DOM 

08006 (CO3.0) will be reported at the meeting. 

Mineralogy and Petrography: For details, see [14]. 

DOM 08004: CAI 16-1 has a hibonite (in wt%: ~0.9 

MgO, ~1.9 TiO2) ‒grossite‒perovskite core surrounded 

by the layers of spinel, melilite (Åk1‒18), Al-diopside (0.6‒

9.6 Al2O3, 0‒1 TiO2), and forsterite (Fig. 1a). CAI 26-1 

consists of platy hibonite (~0.7 MgO, ~1.6 TiO2) crystals 

surrounded by grossite (Fig. 1b). CAIs 44-2 (Fig, 2a), 75-

1 and 77-1 consist of several mineralogically-zoned bod-

ies composed of grossite and perovskite, and surrounded 

by layers of spinel and melilite (Åk1‒12). CAI 55-1 occurs 

inside a magnesian porphyritic olivine-pyroxene chon-

drule (Fig. 2b). Its core consists of grossite, melilite (Åk3‒

11), and perovskite; it is surrounded by layers of spi-

nel+perovskite and plagioclase (Fig. 1f). The spinel layer 

is corroded by plagioclase and overgrown by Cr-bearing 

spinel. Grossite in all CAIs experienced incipient replace-

ment by a secondary Fe-rich phase (“sec” in Figs. 1, 2).  

DOM 08006: CAI 31-2 has a core composed of 

hibonite (~0.9 MgO, ~1.8 TiO2), grossite, and perovskite; 

it is surrounded by the layers of melilite (Åk2‒44), Ti-free 

diopside (~0.2 Al2O3), forsterite (Fa1) + FeNi-metal (oxi-

dized to magnetite), and low-Ca pyroxene (Fs1Wo0.1) 

(Fig. 3a). CAI 56-1 has a corundum‒hibonite (~0.6 MgO, 

~1.1 TiO2)‒grossite core surrounded by the melilite 

(Åk11) and Al-diopside rims. Corundum and hibonite are 

corroded by hibonite and grossite, respectively. CAI 99-1 

is an aggregate of several concentrically-zoned objects 

having spinel‒hibonite (~2 MgO, ~5 TiO2)‒perovskite or 

grossite cores which are surrounded by the layers of meli-

lite (Åk2) and spinel-melilite (Åk2), respectively (Fig. 3c). 

Diverse secondary minerals (magnetite, N-rich metal, 

Ni-bearing sulfides, Fe,Ni-carbides, phyllosilicates, and 

fayalite) are observed in matrices and chondrules of DOM 

08004 and DOM 08006, suggesting that both meteorites 

experienced hydrothermal alteration [15]. 

Oxygen isotopes: On a three-isotope oxygen diagram 

(17O vs. 18O), compositions of the grossite-bearing 

CAIs in DOM 08004 plot along ~slope-1 line. In Fig. 4, 

we show 17O values (= 17O ‒ 0.52×18O) of individual 

minerals in these CAIs. All CAIs are isotopically hetero-

geneous, with grossite and, in most cases, melilite being 
16O-depleted relative to spinel, hibonite, and Al,Ti-diop-

side. Spinel in the relict CAI 51-1 shows a range of 17O 

most likely refecting partial melting and overgrowth by 

Cr-bearing spinel during crystallization of the 16O-poor 

host chondrule. 

 
Fig. 1. BSE images of the 26Al-poor grossite-bearing CAIs 
16-1 and 26-1 from DOM 08004 (CO3.1). Hereafter: cor = 
corundum; cpx = high-Ca pyroxene; grs = grossite; hib = 
hibonite; mel = melilite; pv = perovskite; px = low-Ca py-
roxene; sec = secondary phase; sp = spinel. 
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Magnesium isotopes:  Hibonite and grossite in CAIs 

16-1 and 26-1 show no resolvable excesses of 26Mg*, 

(26Al/27Al)0 < 5.7×10‒7 and <6.8×10‒7, respectively. Gros-

site in CAIs 44-2, 51-1, 75-1 and  77-1 shows large 26Mg* 

excesses correlated with their Al/Mg ratios, correspond-

ing to inferred (26Al/27Al)0 of (4.4±0.3)×10‒5, 

(4.0±0.3)×10‒5, (4.5±0.3)×10‒5 and (4.3±0.3)×10‒5, re-

spectively. The (26Al/27Al)0 values systematically lower 

than the canonical ratio are probably due to use of an im-

proper Al/Mg sensitivity factor for grossite, that was as-

sumed to be the same as for hibonite [3]. 

Discussion: The 16O-depleted compositions of gros-

site and melilite in DOM 08004 CAIs may have resulted 

from postcrystallization exchange during fluid-rock inter-

action on the CO chondrite parent body [15]. The altera-

tion appears to not have affected the Al-Mg systematics 

of the CAIs. Therefore, the inferred (26Al/27Al)0 likely re-

flect the heterogeneous distribution of 26Al in the CAI-

forming region. The 26Al-poor CAIs could have formed 

prior to addition of 26Al to the protoplanetary disk. 
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Fig. 2. BSE images of the 26Al-rich grossite-bearing CAIs 

44-2 and 51-1 from DOM 08004 (CO3.1). 

 
Fig. 4. 17O values of the DOM 08004 grossite-bearing 
CAIs. TF = terrestrial fractionation line. 

 
Fig. 3. BSE of the grossite-bearing CAIs 32-1, 56-1, and 99-
1 from DOM 08006 (CO3.0). 
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