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Introduction. The Allende carbonaceous chondrite contains a variety of 
inclusions rich in Ca and Al (CAI). CAI are also commonly rich in Mg and Ti 
and poor in alkalis and volatiles, although the latter may be present in 
phases thought to be late-stage alteration products. There are other irregu- 
lar, very fine-grained inclusions in Allende which are rich in Mg and Al and 
contain associated phases rich in sodium and halogens (MASHI). The origin of 
MASHI is unknown. It is not possible to assign them, a priori, as high tem- 
perature condensates as is done for a number of CAI. Although some work has 
been done to classify the various types of MASHI [I], a detailed investiga- 
tion of the mineralogy, mineral chemistry, and isotopic systematics of an 
individual MASHI has not yet been reported. We report such a study of the 
"Pink Angel" - a 2 cm diameter, zoned, fine-grained, oval MASHI isolated 
from an Allende fragment graciously provided us by D.P. Elston. The inclusion 
is composed of a large pinkish interior (90% of the total mass) surrounded 
completely by a whitish rim, - 400 pm wide, which is in sharp contact with 
the meteorite matrix. 

Bulk composition and mineralogy. The bulk composition of the Pink Angel 
is given in Table 1. The bulk compositions of the rim and interior are dis- 
tinct. The mineralogy and estimated modal abundances are given in Table 2. 
.The major phases in the interior are spinel, sodalite, and grossular. The 
major phases in the rim are spinel, anorthite, and diopside. Very small 
amounts of a sodic plagioclase were detected both in the interior and the rim. 
However, nepheline was not observed in either the interior or the rim. A sub- 
micron phase rich in titanium observed throughout the rim may be perovskite. 
A glassy phase appears to be present, primarily in the rim. 

Texture. The interior of the Pink Angel is a powdery, porous aggregate 
of spinel crystals (<  1 pm to 5 pm). Sodalite occurs in dense patches (10 to 
60 pn)  which appear to be a cement binding the interior together. Grossular is 
present as anhedral blebs (2 to 10 pm) mostly found on the exterior of soda- 
lite. Grossular does not form rims around sodalite. Spinel normally is not 
found within sodalite or grossular grains,nor are scdalite and grossular found 
within spinel. The Pink Angel's interior shows no evidence of being an aggre- 
gate of grains with an "onion-skin" texture or zonation, in distinct contrast 
to the inclusions observed by Wark and Lovering [ 2 ] .  

The rim of the Pink Angel is a compact, non-friable, assemblage of spinel 
and fine-grained anorthite and diopside with very little void space. The spi- 
nel in the rim is considerably larger than that in the interior and is found 
primarily within anorthite. The concentration of spinel is greatest close to 
the rim-matrix boundary where it is commonly found as large (20 to 50 !nu) an- 
hedral grains. In the inner portions of the rim, spinel is found more commonly 
as individual, small (2 to 10 pm diameter), equant crystals, or large, convo- 
luted, lacy aggregates of crystals. Diopside is commonly found in contact with 
anorthite and surrounding large (10 to 40 pm) cavities which may be primary. 

Mineral composition. The mineral compositions of the Pink Angel phases 
are, with the exception of spinel, identical for the rim and interior (Table 
3). The dominant spinel compositions are Fe-rich, but low-Fe spinels are found 
among the large spinel crystals at the rim-matrix boundary. Low-Fe spinels are 
present in low abundance in the inner portions of the rim, and absent in the 
interior of the inclusion. The minor element chemistry is similar for both 
high-Fe and low-Fe spinels and is similar to that found for low-Fe spinels in 
CAI. A number of very small (< 5 pm) patches (primarily in the rim, but also 
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in the interior) yield identical results. Because of the homogeneous nature of 
this phase, we feel that it is an alumina-rich glass of composition similar 
to those reported by Marvin et al. [3]; although it is also possible that the 
"phase" is actually a homogeneous assemblage of submicron phases randomly dis- 
tributed in patches throughout the inclusion. This glassy phase is similar in 
composition to the bulk rim (Table 1). 

Constraints for genesis. The mineralogy, texture, and mineral chemistry 
of the Pink Angel provide a series of constraints regarding its possible modes 
of formation. -The- presence in the Pink Angel of lowLFe spinel, anorthite and - 
diopside at the outside of the inclusion in contact with the matrix, and the 
high-Fe spinel, sodalite, and grossular in the inside of the inclusion argues 
against introduction of Fe and alkalis from the matrix previously proposed 
[4]. In no way can an inclusion such as the Pink Angel be considered a high 
temperature condensate. Concurrent formation of interior and rim would re- 
quire extremely non-equilibrium processes. 

The textural relations in the rim and possible presence of a glass sug- 
gest formation of the rim from a melt. This then implies that 1) material of 
distinct chemical composition coated the exterior as a melt, or 2) that the 
original object was flash-heated causing melting on the exterior with large 
matter loss (e.g., Na, Fe, and C1) and addition of other elements (e.g., Ca 
and Si). The first mechanism appears more probable. A melt of bulk composi- 
tion approximately that estimated for the rim would crystallize spinel first, 
followed by anorthite and then diopside [5], as is observed. In addition, the 
phase we have identified as glass is very similar to the estimated bulk rim in 
composition and may be residual primary liquid, The coexistence of spinel, 
anorthite, and diopside in equilibrium with liquid (in the Fe-free system) 
occurs at a temperature around 1230" to 1240°C [6]. For the rim to form from 
a melt, the interior would have to be exposed, at least briefly, to such tem- 
peratures. Neither sodalite nor grossular are stable at high temperatures. 
Sodalite decomposes quickly to nepheline + vapor at 1230°C in a closed, 1 atm, 
environment and at less than 950°C in an open environment. Grossular decom- 
poses more slowly to wollastonite + gehlenite + anorthite at about 860°C at 1 
atm. We carefully examined the boundary between the rim and the interior and 
did not observe any nepheline, wollastonite, or gehlenite, even at fine scale. 
Therefore, either the rim formed very quickly or we are in error about the rim 
being liquid. 

A fundamental issue in the genesis of the MASH1 is the origin of the hal- 
ogen-rich phases. We feel that the most likely precursor structure for the 
Pink Angel interior was a droplet formed of aggregate spinels and devitrified 
glasses related in composition to the CAI. We consider that the Pink Angel 
precursor was modified in a second event with major element transport to form 
its existing interior structure. This event was probably prior to rim forma- 
tion. This requires a halogen- and alkali-rich gas phase which removed most 
of the original glass and produced the low temperature assemblage. The spinels 
are considered to be possibly chemically-modified residues of the original 
material. The existence of sodalite without nepheline in the interior indi- 
cates that it was formed in an environment of high halogen partial pressure. 
If the interior was in contact with a liquid rim, this contact had to occur 
for an extremely short time or in a closed environment to prevent halogen es- 
cape. Thus, it appears that an important portion of the formation of the Pink 
Angel, before incorporation into the Allende matrix, had to have occurred at a 
substantial HC1 pressure. The solar nebula does not appear to be an obvious 
site for such processes. A condition where moderate confining pressures are 
possible, such as a planetary body rich in alkalis and halogens, merits con- 
sideration. 
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