
EVIDENCE FOR CHONDRULE MIGRATION FROM DUSTY OLIVINE CHONDRULES. D. L. Schrader1, 
K. Nagashima2, R. R. Fu3, J. Davidson4, and R. C. Ogliore5. 1Center for Meteorite Studies, School of Earth and 
Space Exploration, Arizona State University, Tempe, AZ 85287, USA (devin.schrader@asu.edu), 2HIGP/SOEST, 
University of Hawai‘i at Mānoa, Honolulu, HI 96822, USA. 3Lamont-Doherty Earth Observatory, Columbia Uni-
versity, PO Box 1000 Palisades NY 10964, 4Department of Terrestrial Magnetism, Carnegie Institution of Washing-
ton, Washington DC 20015, USA. 5Department of Physics, Washington University in St. Louis, USA. 

 
Introduction: The nature of the chondrule for-

mation process is a subject of significant debate, with 
numerous models being proposed [e.g., 1–7]. Regard-
less of the process(es), it is agreed that chondrule pre-
cursors were flash heated to peak temperatures on the 
order of seconds to minutes, and cooled on the order of 
hours to days [e.g., 8–10]. Chondrules formed either 
from complete or partial melts [e.g., 9], and those that 
were only partially melted retained portions of their 
solid precursors, termed relict grains [e.g., 11–14].  

The chemical and O-isotope compositions, and 
morphology of these relict grains provide information 
about the nature of chondrule precursors. Typically, 
relict grains are thought to be fragments of earlier 
formed chondrules, although there are chemical differ-
ences between some relict grains and their apparent 
source chondrules. Their origin(s) remain unclear [e.g., 
14–18]. Relict grain types include dusty olivine (grains 
that contain µm-sized Fe metal blebs, Fig. 1) [11,12], 
which are thought to form by solid-state reduction of 
more FeO-rich olivine during partial melting [e.g., 
15,19]; potentially by reduced C in the chondrule pre-
cursor (graphite or organic C) [20]. This relatively 
FeO-rich olivine is considered to originate from a pre-
vious generation of chondrules, including both type I 
(FeO-poor) and type II (FeO-rich) chondrules [15]. 

 
Fig. 1. BSE of dusty olivine chondrule in Murchison. 

We report the chemical and O-isotope composi-
tions of dusty olivine grains in different meteorite 
groups to determine the origin(s) of chondrule precur-
sors and the chondrule formation mechanism(s). Mete-
orites from different groups were studied as their 
chondrules likely formed at different times [e.g., 21] 
and heliocentric distances [22]. 

Samples and analytical procedures: Chemical 
and O-isotope compositions of chondrule olivine in 
Murchison USNM5376-1 (CM2), Graves Nunataks 
(GRA) 95229,22 (CR2), and Meteorite Hills (MET) 
00452,29 (L(LL)3.05; unequilibrated ordinary chon-
drite (UOC)) were studied with the University of Ari-
zona Cameca SX-100 electron microprobe analyzer 
and the University of Hawai‘i (UH) Cameca ims-1280 
ion microprobe, respectively (details see [23]).  

Results: Dusty olivine and melt grown olivine (i.e., 
phenocrysts), as well as type I and II chondrules, were 
analyzed in UOC, CM, and CR chondrites (Fig. 1, Ta-
bles 1–3). Error on Δ17O is typically 0.6–0.9‰ (2σ). 

 
CM chondrites. Thirty-three O-isotope analyses 

across four type I chondrules, three type II chondrules 
(one with an FeO-poor relict grain), and five dusty 
olivine chondrules were obtained in Murchison (Table 
1). Dusty olivine grains in two chondrules with Fa0.7-1.5 
are more 16O-poor than phenocrysts (e.g., Δ17O = 
0.0±0.9 vs. –9.2±1.4‰, 2σ, respectively). In one chon-
drule (Fa9.7-10.0) dusty olivine is more 16O-rich than 
phenocrysts (Δ17O = –5.9±0.8 vs. –2.3±0.8‰, respec-
tively). One dusty olivine chondrule (Fa1.7-4.7) is homo-
geneous in Δ17O. 

 
CR chondrites. One dusty olivine chondrule from 

GRA 95229 was studied (n=3), and compared to litera-
ture data obtained from UH on one dusty olivine chon-
drule, 18 type I, 14 relict-free type II chondrules, and 
five relict-bearing type II chondrules from CR chon-
drites (130 analyses, Table 2) [18,21,23]. Dusty olivine 
in the chondrule with Fa7.0-7.5 is more 16O-rich than 
phenocrysts (Δ17O = –4.3±0.6 vs. –0.4±0.6‰, respec-
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tively; [r]). One dusty olivine chondrule (Fa1.3-1.6) has 
homogeneous Δ17O in dusty olivines and phenocrysts. 

UOC. Thirty-two O-isotope analyses across three 
type I chondrules, three type II chondrules, and four 
dusty olivine chondrules were obtained in MET 00452 
(Table 3). Dusty olivine in one chondrule (Fa0.4-0.9) is 
more 16O-rich than phenocrysts (e.g., Δ17O = –4.5±0.6 
vs. 0.9±0.6‰, respectively). In another, dusty olivine 
(Fa0.9-19.6) is more 16O-poor than phenocrysts (Δ17O = 
0.6±0.8 vs. –2.3±0.8‰, respectively). Two dusty oli-
vine chondrules (Fa0.9-9.7) are homogeneous in Δ17O. 

 
Discussion and Implications: Dusty olivine grains 

in chondrules are 16O-poor, 16O-rich, or homogeneous 
relative to phenocrysts. As dusty olivine grains avoid-
ed melting/dissolution during chondrule formation, 
these differences are likely due to distinct precursors 
(e.g., type I or type II chondrules, or another source).  

 
Fig. 2. Δ17O vs. Fe# for olivine in Murchison. 

In Murchison, one dusty olivine chondrule (Fa9.7–10) 
has Δ17O (~ –2‰) identical to those of olivine in type 
II chondrules, potentially indicating it originated from 
these type II chondrules. In contrast, the O-isotope 
compositions of some dusty olivine chondrules (Fa~1) 
are tightly clustered at Δ17O ~ 0‰, and are distinct 
from the dominant populations of both type I (Δ17O ~  
–6‰) and type II (Δ17O ~ –2‰) chondrules (Fig. 2; 
consistent with [24,25]). This suggests these chon-
drules contain components formed with an O-isotope 
reservoir unrelated to CM type I or type II chondrules.  

The in situ O-isotope compositions of some dusty 
olivines in UOCs and CR chondrites are similar to 
their respective type I and type II chondrules (Tables 2 
and 3), perhaps due to a petrogenetic relationship via 
reduction. However, most CR type II chondrules are 
near Δ17O ~ 0‰, while dusty olivine chondrules are 
often Δ17O < 0‰; suggesting they are not reduced type 

II chondrules. Some grains in the UOC dusty olivine 
chondrules are 16O-rich compared to type I and II 
chondrules, indicating a distinct origin. 

The O-isotope compositions of some dusty olivine 
bearing chondrules can be explained by reduction of 
either type I or type II chondrules. However, some 
dusty olivine chondrules in each group have O-isotope 
compositions that cannot be explained by reduction of 
that group’s type I or type II chondrules (e.g., CM 
chondrites, Fig. 2). The major and minor element com-
positions of some dusty olivine chondrules also cannot 
be explained by reduction of that group’s type I or II 
chondrules (i.e., Fe/Mg–Fe/Mn systematics [26]). The-
se dusty olivine chondrules may require a population 
of relatively FeO-rich olivine precursors of a non-local 
origin. This implied non-local origin might be evi-
dence for migration of earlier formed chondrules [e.g., 
27,28] between groups, or for incorporation of FeO-
rich olivine fragments from planetesimal(s). 

The diverse O-isotope compositions of chondrules 
indicate their precursors were O-isotopically heteroge-
neous, inconsistent with formation solely in impact 
splashes from melted (i.e., homogenized) bodies. Ad-
ditional analyses of dusty olivine and CM chondrite 
chondrules (perhaps correlated O-isotope and ε54Cr 
analyses [e.g., 29]) may help resolve these issues. Im-
plications for other models of chondrule formation will 
be discussed.  
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