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Fine-grained primitive matrix material in type-3 enstatite 

chondrites [1-3] has previously been characterized only superfi-
cially. Kimura [1] identified matrix material in Y-691 (EH3), one 
of the most primitive enstatite chondrites; Ebata et al. [3] re-
ported presolar silicate and carbonaceous grains in Y-691 that 
presumably reside in the fine-grained matrix. Our modal analysis 
indicates that Y-691 contains ~5 vol.% clastic matrix (including 
~2 vol.% fine-grained material that we infer to be nebular) pre-
sent as 15-400-µm patches.  This modal value is much lower than 
the 14±5 vol.% matrix abundance reported in EH3 Qingzhen [2]; 
the discrepancy has not yet been resolved. Matrix patches in Y-
691 consist (in vol.%) of (1) ~50% relatively coarse (2-20-µm) 
fragments and polycrystalline assemblages of kamacite, schreib-
ersite, perryite, troilite (some grains with daubréelite exsolution 
lamellae), niningerite, oldhamite, and caswellsilverite, (2) ~10% 
relatively coarse silicate grains including enstatite, albitic plagio-
clase, silica and diopside, and (3) an inferred fine nebular com-
ponent (~40%) comprised of submicrometer-size grains.   

The O-isotopic composition of clastic matrix in Y-691 is in-
distinguishable from that of olivine and pyroxene grains in adja-
cent chondrules; both sets of objects lie on the TF line [4]. These 
results imply that the principal components of Y-691 originated 
from (or equilibrated with) the same O-isotope reservoirs.   

We carried out electron microprobe analysis of five 50×50-
µm-size matrix patches using a 3-µm-wide beam.  A total of 49 
points were analyzed in each patch; many points had variant 
compositions (mainly due to beam overlap on coarse clastic 
grains) and were discarded (including 37-53% of the points in 
each of four patches and 76% in the fifth patch).  Bulk composi-
tions of the patches are similar, but resolvable in concentrations 
(wt.%) of alkalis: patch H13, n=29: 1.21±0.19% Na, 0.25±0.03% 
K; patch K11, n=23: 0.80±0.15% Na, 0.18±0.03% K (uncertain-
ties are 95% confidence limits). Larger compositional differences 
were observed among matrix patches in CR2 LAP 02342 [5].  

It seems likely that a substantial fraction of matrix material in 
primitive chondrites was produced in the nebula from condensed, 
partly amorphous, volatile species evaporated from chondrules 
during heating [6]. Porous clumps of this fine-grained nebular 
material formed matrix patches after accreting with other primi-
tive components and being compacted by parent-body impact 
events.  Compositional variations in matix patches reflect hetero-
geneities among the porous fine-grained clumps.  

There are differences among chondrite groups in the abun-
dance of matrix: e.g., 10-15 vol.% in type-3 OC; ~35 vol.% in 
CO3, R3 and reduced CV3 chondrites.  We attribute these differ-
ences to regional/temporal variations in chondrule-matrix recy-
cling and to the settling efficiency of fine-grained materials to the 
nebular midplane prior to planetesimal formation. 
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