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CM chondrite studies critically support the
analysis of carbonaceous asteroid samples, providing
analogues to infer conditions on their source asteroids.

   Asteroids Ryugu and Bennu, the targets Hayabusa2 and 
OSIRIS-REx, are thought to be similar to CM chondrites.

We determine the sizes and abundances of fine-grained 
chondrule rims (FGRs) in CMs that have been heated to 

varying degrees to investigate FGR formation process(es).

Our data supports a nebular origin for FGRs in CM 
chondrites, with parent body processes subsequently 

altering them significantly.

Highlights

Introduction
Mighei-like carbonaceous (CM) chondrites are the most abundant 
carbonaceous chondrite group and may be close compositional 
matches to asteroids Ryugu and Bennu, which Hayabusa2 and 
OSIRIS-REx have targeted for sample return [e.g., 1].
 
Fine-grained rims (FGRs) of silicate and opaque minerals often
encircle chondrules in CM chondrites [2]. Their origin is disputed 
with two opposing hypotheses: 
 (1) FGRs formed in the protoplanetary disk; fine-grained 
     material accreted around chondrules prior to parent body 
     accretion [2–5]; 
 (2) FGRs formed on the parent body after accretion via 
     secondary processes such as aqueous alteration and impact 
     processing [6–9]. 

The main objective of this study is to determine whether FGRs in 
CMs formed in the nebula or on the parent body.

We analyzed six CMs that have experienced a range of parent body 
processes, including heating and aqueous alteration.

CMs studied: Allan Hills (ALH) 83100,189, Elephant Moraine 
(EET) 96029,27, Meteorite Hills (MET) 01072,23, Murchison 
USNM 5376-1, Pecora Escarpment (PCA) 91008,21, and \
Yamato (Y)-793321,60-4. 
 
Petrography was determined from polished thin sections. 

High-resolution backscattered electron (BSE) imaging: JEOL 
JXA-8530F field emission EPMA at Arizona State University.

X-ray element mapping: Cameca SX-100 probe microanalyzer 
(EPMA) at the University of Arizona or the JEOL JXA-8530F 
EPMA at the Carnegie Institution for Science.

The lengths and orientations of the major and minor axes of 
~300 chondrules per sample were measured using Adobe 
Photoshop (chondrules in clearly distinct clasts were excluded). 

The abundances and sizes of FGRs were also determined using 
Adobe Photoshop; only FGRs around complete chondrules 
were included. 

Samples and Analytical Methods
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Discussion

Results
Average chondrule diameter = ~170 μm (n = 1893), lower than prior
studies and similar to the average CO diameter (~150 μm [10]).
 
No correlation between degree of heating and abundance of FGRs. 
E.g., ALH 83100 (unheated/Stage 0, [11,12]) and MET 01072 
(~Stage I heating, [12]) have the lowest (3.3%) and highest (44.6%)
proportions of FGR-bearing chondrules. Other samples (from 
unheated to Stage IV [13–15]) contain similar abundances of FGRs. 

FGR area measurements yield similar results; samples with largest 
and the smallest FGRs both exhibit ≤Stage I heating. There is 
generally a positive correlation between FGR area and chondrule 
area. This correlation is weaker in more heated samples; some 
heated CM chondrules have smaller FGRs than unheated CMs.  

Chondrules and their FGRs 
display compaction. Zoom 
shown in Fig. 2.

Chondrule 

Fig. 3. BSE image of Chondrule 24 in sample PCA 91008, 
the most heated CM studied.

FGR 

Aligned cracks and fractures.

Given our smaller average chondrule diameter for CMs, we 
suggest that chondrule size not be solely used to differentiate 
between CMs and COs. 

The difference observed here is likely due to the greater number 
of chondrules from a wider range of CMs, measured via 
pixel-counting of high-resolution electron images allowing 
us to measure smaller chondrules.

There is no correlation between the size or abundance of 
FGRs and degree of sample heating.

The most aqueously altered sample, the CM1/2 ALH 83100, 
had the least number of FGRs and a larger average FGR area.
Chondrules with smaller FGRs were likely altered more quickly 
and therefore “erased” by aqueous alteration.

Our data indicates that FGRs were destroyed rather than 
formed during parent body heating.

Our data support a nebular origin for FGRs in CMs, 
with parent body processes subsequently altering them.

Fig. 1. BSE of MET 01072 thin 
section. MET 01072 is one of 
the least heated samples in this 
study, but displays chondrule 
foliation, aligned fractures, and 
the highest abundance of 
FGR-bearing chondrules.
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Fig. 2. BSE image of Chondrule 4 in MET 01072.
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Compacted FGR.


