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Introduction
➢ Type C CAIs are characterized by their anorthite-rich, forsterite-deficient bulk compositions, enrichment in

light Mg isotopes and high Si/Mg ratios [e.g., 1].

➢ Three models for their origin:

• Gas-liquid condensation at high total pressure and high dust/gas ratio [1].

• Melting of a spinel-rich Type A CAI-like precursor [e.g., 2].

• Melting of a Type B CAI-like precursor in the chondrule-forming region [3,4].
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Discussions
➢ The type of CAI 04

• The high abundance of anorthite, Al-Ti-rich diopside and spinel, combined with the igneous texture

implies that it is a Type C inclusion.

➢ Origin of forsterite

• Direct crystallization from a melt.

− Inconsistent with their anhedral shapes.

• Assimilated ferromagnesian chondrule fragments [3].

− At odds with the inferred chronology of Type C CAI-chondrule compound objects [e.g., 6].

• Relict grains from the precursor.

− The absence of melilite is more consistent with a FoB CAI-like precursor [3,4].

− Some FoB inclusions are interpreted as having experienced addition of SiO from the ambient

gas during melting [7] and are possible precursors for CAI 04.

➢ Textures formed by open-system metasomatism

• The alkali-halogen zonal sequence. 

• The aureole of hedenbergite+andradite nodules around the periphery (Fig. 1a) [8]. 

• Ca-Fe-rich nodules (hedenbergite±andradite±wollastonite±Fe-Ni sulfide) in the core (Fig. 2d) [9]. 

➢ A multistage evolution history

• The FoB CAI-like precursor experienced partial melting, with forsterite being the relict.

• Another partial melting event produced the fine-grained outer mantle.

Sample and Results
➢ Sample

• CAI 04 in a polished thin section of Allende meteorite was studied using X-ray elemental mapping,

backscattered electron imaging, and electron probe microanalysis.

➢ Texture

• CAI 04 has a spherical appearance and a dominant ophitic to subophitic texture (Fig. 1).

• Three texturally different regions: (1) a forsterite-bearing core; (2) a coarse-grained inner mantle;

(3) an fine-grained outer mantle.

• Two compositionally different rims: (1) a discontinuous MgO-rich subcalcic clinopyroxene rim on the

periphery (Fig. 2a); (2) an olivine-rich matrix-like rim outside the CAI (Fig. 2a).

➢ Secondary alteration

• The alkali-halogen zonal sequence: nepheline±sodalite replacing anorthite on the outer part, giving

way to the presence of ubiquitous sodalite with minor nepheline in the interior (Fig. 1c, d).

• Fe enrichment: (1) hedenbergite±andradite replacing Al-Ti-rich diopside on the margin (Fig. 2b); (2)

Fe-enriched rims around spinel grains (Fig. 2c).

➢ Mineral compositions

• Aluminum-Ti-rich diopside: (1) the outer mantle: 3.9-6.5 wt% Al2O3, 0.32-0.39 wt% Cr2O3 and 0.98-

1.94 wt% TiO2; (2) the inner mantle and core: 7.8-18.9 wt% Al2O3, 0.35-0.72 wt% Cr2O3 and 1.9-3.1 

wt% TiO2; (3) individual grains display oscillatory zoning, similar to that described by [5]. 

• Anorthite: compositionally homogeneous (An99.0). 

• Forsterite: Fa1.1-3.0 with ~1.0 wt% CaO.

Figure 2. (a) MgO-rich subcalcic clinopyroxene rim (defined by black dashed lines) and olivine-rich matrix-like rim; (b) Al-

Ti-rich diopside is replaced by hedenbergite±andradite on the margin; (c) euhedral spinel grains display Fe-enriched rims; 

(d) Ca-Fe-rich nodules in the core region.

Figure 1. BSE image (a) and combined X-ray elemental maps (b and c) of CAI 04. An = anorthite; Di = Al-Ti-rich 

diopside; Fo = forsterite; Neph = nepheline; Sod = sodalite; Sp = spinel.
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