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This abstract gives petrographic descriptions and bulk chemical data for the fine grained [fg] inclusions for 
which Ti data are discussed in the companion abstract by Prombo et al. [I]. Fine grained CAIs are proposed to 
have formed by the alteration of fine grained, porous spinel-melilite-rich assemblages by the nebular gas at T < 
1000 K 121. Many fg CAIs exhibit mineralogical and textural zonation. McGuire and Hashimoto [2] have de- 
scribed 3 zones, A, B and C; Zone A occupies the central major portion of the CAI, with zones B and C at the 
edge. 

A Cameca MBX electron microprobe was used. Data were reduced by the ZAF method using the Cameca 
PAP package. The standard used is kaersutite. The electron beam current was 15 nA at 15 keV, measured on a 
Faraday cup. Table 1 lists bulk analyses of zone A of the inclusions described below. The bulk analyses were ob- 
tained using an 8 by 8 p rastered beam and averaging the analyses. The number of analyses averaged is listed in 
the second column of Table 1. From comparing the means for all the analyses of "areas" for a CAI with the means 
of blocks of 10 and more "areas", the errors for determining these bulk compositions are estimated to be 15% for 
Si and Ca and 10% for the rest of the elements. All of the CAIs with a sample number beginning with 
"HMNS461-" were taken from a piece of Allende provided by Elbert King and the Houston Museum of Natural 
Science. 

HMNS461-20B1. This pink inclusion is lensoid, approximately 8 mm long and 4 mm wide. It has a coarse 
grained mantle which is compact and has little void space, similar to those observed by McGuire and Hashimoto 
[2]. The coarse grained rim consists of spinel, sodalite, hibonite, anorthite, grossular, nepheline, fassaite QiOz= 3 
wt. %) and perovskite-ilmenite. The rim is essentially continous, but is fractured in places. It averages 50 pin 
thickness, but ranges up to 200 p thick. This mantle is noteworthy for containing hibonite grains up to 15 p in 
length. They occur as blades and anhedral grains. Mantle hibonites contain about 8 wt. % TiOzand 4 wt. % 
MgO. Although McGuire and Hashimoto [2] observed hibonite in zone A of two of their fg inclusions, they did 
not observe it in any of the coarse grained rims they examined. However, hibonite was observed in the coarse 
grained rim of Vigarano inclusion USNM 1623-4 [3], which contains hibonite in zone A. Zone A consists of 
spinel, grossular, anorthite, nepheline and fassaite. It has a typical granular texture with linle overgrowth. Zone A 
also contains assemblages which consist of spinel, grossular and an Al-rich "phase" of variable composition; 
A1a3 contents of this "phase" range up to 79 wt. %. On the basis of Al content, possible precursor phases in- 
clude hibonite (9 1.6 wt. % Alz03), hibonite-spinel solid solution or corundum. The braided texture of this 
"phase" suggests that blades of hibonite were present in the pre-alteration phase(s). 

HMNS461-4Bl. This inclusion is about 7 mm long and 4 mm wide. It also has a coarse grained mantle 
which is several hundred p thick and compact. The outermost layer consists of spinel and perovskite; next is a 
layer of nepheline and spinel with minor hedenbergite, andradite and pyroxene. Zone B is patchy and where 
present, is typical. These areas consist of a solid solution of grossular-andradite with hedenbergite, clinopyroxene, 
nepheline, olivine and spinel. Zone A looks typical for a fg CAI. It contains nodular objects of spinel banded by 
thin rims of pyroxene. The spinels contain perovskite inclusions. Between spinel and pyroxene is void space. 

HMNS461-312. This inclusion is irregularly shaped. Zone A of this inclusion consists primarily of clinopy- 
roxene, nepheline, spinel, sodalite, hedenbergite, anorthite and fassaite. Zone A fassaites have TiOzcontents of 
about 3 wt.%. Anorthite occurs with fassaite and as inclusions in sodalite. The texture is granular, loosely packed 
and not intergrown. This inclusion does not have a distinct zone B or C, but does have a large 500 p clump of 
material similar to zone B in the center with much smaller (10 to 60 p) zone B-like clumps throughout. The zone 
B type areas consist of large spinel grains (up to 100 p) rimmed by clinopyroxene and hedenbergite. 

HMNS461-18B1. This irregularly shaped CAI is heavily altered and is about 3 by 9 mm in size. Zone A con- 
sists of nepheline, olivine, andradite and clinopyroxene. The inclusion is spinel poor. It has no distinct zone B, 
but has numerous clumps and strings of zone-B like material, which consist of spinel, hedenbergite and nepheline. 
Zone C of this inclusion contains blocky olivine and nepheline. This inclusion is similar to USNM 3529-37 stud- 
ied by McGuire and Hashimoto[2]. 

PBEK 4B3 This inclusion consists primarily of spinel, lacy pyroxene, nepheline and sodalite. Spinel grains 
occur in several forms and generally contain perovskite inclusions and occasionally, hibonite. Some are nodular 
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and banded by a thin rim of clinopyroxene. Others appear to have started to alter to nepheline and sodalite. 
HMNS461-3B1 Preliminary examination of this inclusion shows that it consists of large (up to 200 p) round- 

ed spinel grains set in a groundmass of finer grained ( 1 to 40 p) clinopyroxene, anorthite and nepheline grains. 
The spinels contain perovskite-ilmenite inclusions. There is no distinct zone B, but zone B-type material occurs 
throughout the inclusion. 

These inclusions differ from the CAIs studied by McGuire and Hashimoto [2]. Most of their inclusions ex- 
hibit concentric zones B and C (i.e. in thin section they appear as concentric rings around the edge). None of 
these 6 CAIs exhibits a distinct zone B; instead the CAIs without c o a x  grained mantles contain clumps and 
strings of zone B-like material in zone A. They also found that concentric objects (i.e. anhedral spinel rimmed by 
clinopyroxene and possibly nepheline) were not common in zone A of the "relatively large (2 mm)" fg CAIs that 
they examined. In contrast, the CAIs in this study are all much larger than 2 mm in diameter. Of these 6 CAIs, 3 
(3B 1,4B1 and 4B3) contain concentric objects, 2 (18B1 and 312) are spinel-poor and 1 (20B1) contains spinel in 
2 occurrences: as isolated anhedral grains and in assemblages with other minerals. 

Titanium isotope compositions of three dark inclusions (di) are reported in the companion abstract by Prom- 
bo et al. [I]. Inclusion 2A2 is a large di with sub-equal amounts of opaque rich matrix and predominantly fine to 
medium grained silicates arranged in small irregular aggregates and chondrule like masses. Inclusion 12B 1 is a 
small to medium sized di surrounded by a discontinuous dark rim. The inclusion is composed of approximately 
40% opaque rich matrix and 60% predominately f i e  grained silicates arranged in small irregular aggregate and 
"chondrule-like" masses. Inclusion 5A1 is a large irregular di composed of 60 to 70 % opaque rich matrix and 30 
to 40% fine grained silicates distributed predominantly as single anhedral to occasionally subhedral grains 
throughout the matrix, but with occasional very small multi-grained inclusions. Complete petrographic 
descriptions will be found in [4]. 
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Table 1. Bulk Compositions of Fine Grained Inclusions (wt. 96) 

CAI #l N%O MgO AhO, SiO, $0 CaO TiO, FeO 
20B1 80 4 9 37 30 0.4 12 1.4 6 
4B1 70 3 10 30 34 0.4 16 .5 6 
312 60 3 8 18 47 0.4 19 0.8 3 
4B3 150 5 9 25 3 8 0.5 14 1 .O 6 
3B1 60 3 10 22 41 0.3 16 1 .O 6 
18B1 40 3 13 26 34 0.3 11 1.1 13 
1. Number of areas averaged. 
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