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Introduction: The separation of metal from sili-

cates is a critical process that took place to varying de-

gree in the early Solar System. Chondritic meteorites 

show evidence for varying degrees of metal-silicate 

fractionation; constraining the process(es) that caused 

this is key to understanding dynamics in the protoplan-

etary disk. Timing of this process is difficult to establish 

as metal-sulfide rich objects are difficult to date due to 

the small size of individual objects; however it may be 

possible to establish the relative timing through the pet-

rographic “stratigraphy” of the components that make 

up the opaque assemblages. 

Opaque assemblages (OAs) in chondrites occur in 

two distinct petrographic locations: associated with 

chondrules, and as discrete objects in the matrix. Chon-

drule and matrix OAs are generally distinguishable by 

the modal abundance of their oxide phases (usually 

magnetite) with chondrule OAs having lower modal 

abundance of oxides than matrix OAs [1]. However, this 

is not enough information to establish whether or not the 

OAs from these two textural settings were formed con-

temporaneously. Due to the structural layering of some 

matrix OAs, temporal relationships between their com-

ponent phases can be inferred and used to infer se-

quences of events in the protoplanetary disk. 

The discovery of microchondrules in OAs [1] could 

also help resolve the timing of OA formation relative to 

chondrules and distinguish between hypotheses for the 

origin of OAs. Microchondrules are hypothesized to 

have formed via the melting of preexisting chondrules 

and nearby dust [2, 3]. Additionally, microchondrules in 

fine-grained accretionary rims (FGRs) around chon-

drules are very common. This led [4] to the conclusion 

that microchondrules in OAs represent trapped chon-

drule liquid that was expelled with the OA from a chon-

drule that was still molten. This is in line with the hy-

pothesis that OAs were also expelled from molten chon-

drules [e.g., 5, 6]. We have conducted a survey of OAs 

for microchondrules and other silicate inclusions and 

present the results here. We adopt [7]’s definition for 

microchondrules as chondrules ≤40 µm. Silicate frag-

ments are similar but include non-spherical objects. 

Results: 120 OAs were surveyed across 5 sections 

of Semarkona. Of those only 4 were found to have true, 

completely round microchondrules (Fig. 1). 6 other OAs 

were found to have rounded silicate fragments included 

in them. Microchondrules were also found in the rim of 

a large layered clast [8] that is rich in opaque phases 

(Fig. 4). 

Two of the microchondrules described here were 

previously described by [4] as “glassy” (Fig. 1B and D). 

Both new microchondrules found in this study are mi-

crocrystalline (Fig. 1A) and one (Fig. 1C) contains 

metal inclusions. Silicate fragments exhibit a range of 

textures including microcrystalline (as in Fig. 2), single 

crystal, and porphyritic (Fig. 3). Additionally, some mi-

crochondrules (as in Fig. 1C) are not entirely adhered 

directly to the opaque component of the OA and are in-

stead suspended in a fine-grained matrix-like layer that 

surrounds the core of the OA, similar to their occurrence 

in fine-grained rims around Semarkona chondrules. 

Electron microprobe analyses were conducted on 

both previously reported microchondrules, as well as 

one of the silicate fragments which was large enough to 

yield reliable data. In all cases a broad (5 µm) beam was 

used to obtain an average composition as individual 

phases were too small to analyze without beam overlap. 

Results for selected analyses are reported in Table 1. 

Discussion: The extreme rarity of microchondrules 

and silicate fragments in OAs (<10%) when compared 

to their abundance in FGRs around chondrules suggest 

that their formation is not a common outcome of the OA 

formation process and leads to three possible hypothe-

ses: 1) highly efficient separation of metal and sulfide 

from silicate during expulsion from molten chondrules, 

2) presence of only minor amounts of silicate material 

in OA precursors, or 3) formation of OAs and micro-

chondrules in different locations with limited communi-

cation between the two reservoirs. 

Un-adhered microchondrules in a low temperature 

matrix-like layer (Fig. 1C) suggests passive accretion to 

a preexisting object and provides strong evidence for 

their formation separately from OAs. 

Chemical composition of the microchondrules and 

silicate fragments are dissimilar from most of the micro-

chondrules analyzed in other studies and display unusu-

ally high Na compared to values previously reported by 

[4, 7]. Analyses by [3] are similarly enriched in Na but 

have lower Si. This suggests that the silicate compo-

nents of OAs do not share a genetic relationship with 

chondrules. The glassy nature of the silicates in OAs im-

plies rapid cooling. The rarity, texture, chemistry of mi-

crochondrules in OAs support the hypothesis of [1] that 

OAs formed discretely from chondrules. 
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Table 1 – results of broad beam electron microprobe 

analyses. bd= below detection. na = not analyzed. n = 

number of averaged analyses. 

Fig. 1 – BSE images of microchondrules in OAs in 

Semarkona: A) in sem-4128-t6-ps1a-m2 containing 

metal inclusions, B) in sem-4128-5-m6, C) in sem-

4128-5-m1, D) in sem-4128-5-m7. B and D previously 

reported in [1]. 

 
Fig. 2 – BSE of microcrystalline silicate fragment in 

sem-4128-t6-m6. 

 
Fig. 3 – BSE of silicate fragment in sem-4128-t6-ps1a-

m1 with porphyritic texture. 

 
Fig. 4 – Microchondrules in the rim of dark inclusion 

sem-4128-t4-ps2a-r4. Top) red-green-blue = Mg-Ca-Al. 

Bottom) red-green-blue = Fe-Ni-S. 
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