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Allende inclusion SA-1 is an armalcolite-bearing basaltic CAI different from both type C 
and type B3 CAIs (1, 2). SA-1 is composed mainly of pyroxene, plagioclase, and olivine in a 
decreasing order of abundance with minor spinel and sulfides (Fig. 1). It also displays an 
interstitial mesostasis characterized by a complex mineralogy and chemistry. The overall texture 
is subophitic and the inclusion shows striking similarity to some lunar basalts. Pyroxene occurs 
both as strongly-zoned and unzoned crystals. The zoned crystals show progressive increase in Ca 
and A1 and decrease in Mg from core to rim. The cores are highly magnesian and subcalcic 
( M ~ ~ F e ~ c a ~  to MgllFelCal and correspond in composition to magnesian pigeonite. They 
are remarkably enric ed in Mg relative to lunar or meteoritic pigeonite. The rims have 
compositions corresponding to iron-poor augite (Mg58.6Fe0.9Ca40.5 to MgSt2Fe0 4Ca45.4). 
The zoning pattern in pyroxene is similar to that observed in some Apollo 1 basaits (3). The 
unzoned pyroxene displays compositions similar to those of the rims of the zoned crystals. The 
Fe content of the pyroxene increases in proximity of the mesostasis (Fe 1.9-3.8 moleO/o). In a 
Ti02 versus A1203 plot (Fig. 2), both cores and rims deviate from the 1:l ratio characteristic of 
pyroxenes in armalcolite-bearing lunar rocks and POIs (4). They also have much lower Ti and 
A1 in comparison to pyroxenes in type C inclusions. Olivine occurs as equant crystals (typically 
F o ~ ~ - ~ ~ ) ~  and it becomes more iron-rich in proximity of the mesostasis (Fog -65). Magnesian a splnel (Fe 2.2 to 6.2 wt%) occurs as rare inclusions in olivine, plagioclase, an pyroxene in the 
center of the inclusion. At the periphery of the inclusion, the concentration of spinel 
significantly increases, and it is characterized by large variation in the Fe content (3.8 to 15.7 
wt% FeO). Sulfides are represented by iron-rich pentlandite (typically 45-46 Fe, 16- 18 Ni, 1.2- 
1.8 Co, 34-38 S wt%), which predominates over pyrrhotite (Feo.4gS0.5 to Fe0.49S .5). The 
scarcity of metal (Fe 68.0, Ni 30.0, Co 2.0 wt%) and the absence of magnetite anc? refractory 
metal nuggets are diagnostic features of the opaque assemblage in SA-1. 

The mesostasis is composed of phases that are enriched in Na, K, Fe, Mn, Ti, and Zr 
relative to the host. Nepheline (K20  1.4 to 1.9 wt%, CaO 1.5 to 2.2 wt%) and sodalite (4.4 to 
6.9 wt% C1) are abundant phases in the mesostasis and are associated occasionally with albite- 
rich plagioclase (An76-6 !. A diagnostic characteristic of nepheline in SA-1 is its high K 
content relative to nephe ? ine in other Allende CAIs and in basaltic inclusions in the ~ a n c e '  
carbonaceous chondrite (5), which is virtually K-free. Strongly zoned pyroxene crystals 
showing diopsidic cores and hedenbergitic rims with progressive increase in Fe and Mn from 
core to rim (Mg30Ca50FelgMn1.0 to Mg2Ca QFe44Mn4). occur in the mesostasis in association 
with high-Ca pyroxene that is more enriche d in Fe relative to the pyroxene in the host 
(Mg42Ca47Febl). Cr-Zr-Ca armalcolite (68.8 Ti02, 14.5 FeO, 9.2 Cr203, 2.1 A1 0 3 ,  3.4 CaO, 
1.2 Zr 03, 0. MgO, 0.4 MnO wt%) similar to type 2 armalcolite in lunar rocks ( ) occurs as 1 a 
skeleta crystals commonly displaying ilmenite mantles. Unlike armalcolite in POIs (4), SA-1 
armalcolite is restricted in occurrence to the mesostasis, is very poor in Mg, and does not show 
any breakdown to ilmenite and rutile. Ilmenite (Ti02 52.8, FeO 45.7, Cr203 0.92, MnO 0.6, 
Zr203 0.25 wt%) also occurs in the mesostasis as a discrete phase. 

The mineralogy and texture of SA-1 are suggestive of crystallization from a melt. The 
zoning pattern in pyroxene can be attributed to early crystallization of olivine and Mg-rich 
pigeonite as liquidus phases, which progressively depleted the melt in Mg and resulted in an 
increase in its Ca and A1 contents and crystallization of high-Ca pyroxene. The preservation of 
pigeonite implies rapid cooling of the crystallizing melt. The mineralogy of the mesostasis also 
suggests crystallization from a residual melt enriched in Fe, Mn, Na, and the incompatible 
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elements relative to the original melt. The nearly uniform kalsilite and anorthite contents of 
nepheline are consistent with its crystallization from a melt and its coexistence with albite-rich 
plagioclase. Armalcolite must have nucleated from a Ti-rich liquid, and its preservation in the 
mesostasis is attributed to the armoring effect of its ilmenite mantles, which prohibited its 
reaction with the melt, and to the high Cr content that extends the stability field of armalcolite 
to low temperatures (7). 

SA-1 did not originate as a solid or liquid condensate or as an evaporative residue; it is 
the product of magmatic crystallization from a melt. The similarity of the crystallization trend 
of pyroxene in SA-I to that of some lunar basalts and the presence of armalcolite suggests that 
the precursor melt may have originated in a planetary environment. 

The abundances of rare earth elements in plagioclase and pyroxene in SA-1 are reported 
in a companion abstract by Kennedy et al. (this conference). 
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Fig. 1. General view of SA-1 showing plagioclase, pyroxene, and subophitic texture. Mag.5OX 
Fig. 2. A1203 versus T i02  plot for pyroxenes in SA-1; line corresponds to a 1:l ratio. 
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