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CaA1407 FROM ALLENDE TYPE A INCLUSION NMNH 4691. Julie M. Paque, 
Center for Matenals Research, Stanford University, Stanford, CA 94305-4045. 

Ca-Al-rich inclusions (CAIs) from carbonaceous chondrites contain a wide variety of 
high temperature minerals. In general, the mineralogy of these inclusions is very close to that 
predicted by calculations done on the condensation of phases from a gas of solar composition, 
with a few exceptions. Both corundum (A1203) and CaA1407, calculated to be early formed 
products during condensation (1,2,3), are rarely found. The only reported meteoritic occurrence 
of CaA1407 is from a coarse-grained CAI in the Leoville carbonaceous chondrite (4). This 
abstract describes for the first time the presence of CaA1407 in Allende and suggests reasons for 
its limited occurrence. 

Petrography. NMNH 4691 is a melilite and spinel rich Type A inclusion with a Group 
I1 rare earth pattern (5). The inclusion is compact but irregular in shape, and approximately 4 
rnm in size. A nearly continuous rim of spinel grades from >15 wt.% FeO at the 
inclusion/matrix contact to 3.6 wt.% iron at the inner edge of the rim. Energy dispersive X-ray 
analyses of rim spinel also show appreciable Cr and V contents. Spinel within the inclusion are 
iron-free and range from small ( ~ 2 0  pm) and rounded to euhedral near the rim, to large (>50 
pm) and more numerous in the core. Most of the melilite contain shock lamellae and are 
relatively uniform in composition. Perovskite, pyroxene, and the unknown phase (6) are 
accessories. Minor alteration of the melilite to secondary phases such as anorthite, grossular, 
and nepheline is present along the edge of the inclusion and in the core. 

Several small areas of this the section are petrographically distinct from that described 
above. These areas are approximately 200 pm in diameter and lie close to the rim of the 
inclusion. Figure 1 is a backscatter photomicrograph of one of these regions. It consists of 
gehlenitic melilite (< 3 mole % akermanite) with no evidence of shock, hibonite, CaA1407 (up 
to 10 pm rounded blebs), and minor spinel (Table 1). At the boundary of this area with the 
remainder of the inclusion spinel is pseudomorphed after hibonite and perovskite is present. 
There is very little contact between the CaA1407 and the hibonite. CaAQ07 is not found in the 
other hibonite-bearing areas of the inclusion. 

Discussion. Variation in melilite texture between the CaA1407 containing area and the 
remainder of the inclusion suggests that the CaA1407 area is an unshocked and 
unmetamorphosed relict of a precursor. A metamorphic reaction of gehlenite + hibonite + 
CaA1407 reacting to form a slightly more akermanitic melilite + spinel + perovskite would 
effectively destroy the CaA407.  Most compact Type A inclusions contain evidence of 
metamorphic and shock effects (7), and therefore it is quite possible that CaA1407 was 
originally present in CAIs but only rarely survives subsequent metamorphism. 

It then becomes important to address the question of the origin of this small area of 
NMNH 4691. Can it be determined whether it formed directly by condensation, or is it igneous 
in origin? CaA14q from the Leoville CAI was interpreted to be igneous in origin mainly 
because of the Fe and Cr content of the phases (4). This is not the case for 4691. Variation in 
the Fe content of the rim spinel are correlated with distance from the edge of the inclusion, 
implying that Fe was introduced after the formation of the inclusion. Spinel in the interior of the 
inclusion are free of both Fe and Cr. 

The absence of any well-defined crystals for CaAl4O7 implies that it exists in a reaction 
relationship with either the vapor during condensation, or a liquid during crystallization. For 
pressures >lo-2.7 bars Fegley (2) predicted that hibonite (+ perovskite) would be surrounded by 
CaA1407, and that as temperature decreases the CaAl407 would react with the vapor to form 
gehlenite. With the exception of the absence of perovskite in this area of 4691, the predicted 
texture is consistent with that found. However, based on the texture and phase relations a liquid 
origin cannot be ruled out. Work in progress by Beckett and Stolper may allow this question to 
be addressed. 

Summary. CAIs are presumed to have formed early in the histroy of the solar system, 
The occurrence of CaA1407 in Allende NMNH 469 1, and its absence from the majority of CAIs, 
yields important information on the multitude of processes affecting CAIs after their formation. 
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Although metamorphism and secondary introduction of Fe, Cr, and V have changed the original 
features of a portion of 4691, several areas have remained untouched. Thus, we have an 
inclusion that has been "quenched during these secondary processes, allowing us to ascertain 
the original features of the inclusion. 
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Table 1. Electron microprobe analyses of minerals in the Ca-4407-bearing 
area of NMNH 469 1. 
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