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Introduction: The chondritic meteorites resulted from the 
cooling and accretion of solids in the protoplanetary disk. Large 
clasts include: Ca-, Al-rich inclusions (CAIs [1]), chondrules, 
amoeboid olivine aggregates (AOAs [2]), and dark lithic frag-
ments (dark inclusions, DIs)[3]. Their relative abundances are 
primary data that pertain to the theories of their origin and rele-
vance to planet formation [1], but have not been measured in Al-
lende (CV3) and other CV chondrites since the point-counts re-
ported by McSween in 1977[4]. 

Procedure: Allende surfaces were mapped in x-ray emission 
at resolutions between 13 (slabs) and 2 (small areas) microns per 
pixel using electron microprobe (EMP) techniques of [5]. Ele-
ment, BSE, and red-green-blue mosaics as registered layers in a 
drawing program were used to outline clasts by hand and deter-
mine their types [5]. Pixels were counted in output images, pro-
viding relative surface area abundances of CAIs, AOAs, chon-
drules (and their subtypes), and matrix, and their size distribu-
tions.  

Results: We have now measured ~30 cm2 of slabs at 13 
μm/pxl, and small clast abundance in 12 mm2 of matrix-rich ar-
eas at 2 μm/pxl, allowing correction of matrix abundance in slabs 
for the presence of unresolved clasts (i.e.-isolated 5-10 μm oli-
vines). We find olivine and small chondrules (<100 μm maxi-
mum dimension) to be less than 7% of what we classify as matrix 
at coarser scale. Matrix is 57%, chondrules 32%, CAIs 8%, 
opaques <1% of Allende by areal analysis. Correcting area for 
volume fractions assuming packed spherical clasts would in-
crease matrix proportion by up to 10% (i.e., to 62% of the vol-
ume). 

Conclusions: New methods allow counting and analyzing 
inclusions efficiently over large areas [e.g, 6], compared to opti-
cal point counting. In optical microscopy clasts are defined by 
the sharp contrast of opaque matrix framing a translucent clast. In 
EMP mapping boundaries are set by the differences in elemental 
compositions of accretionary rims around objects, which are not 
always consistent with those boundaries seen optically. Our find-
ings are similar to those of McSween [4] for relative 
CAI/AOA/chondrule abundances, but we find more matrix than 
his 38%. The differences may be due to different criteria used in 
these procedures when assigning inclusions to individual catego-
ries. 
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