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Introduction: Presolar silicate grains are abundant 

and diverse in mineralogy and elemental composition. 
In addition to constraining stellar evolution and 
nucleosynthetic processes, these grains provide 
important information about the circumstellar 
environments in which they condensed [1]. The vast 
majority of presolar silicates identified thus far are less 
than 500 nm in diameter (typically ~250 nm), and many 
of them have structural and/or compositional 
characteristics indicative of formation under non-
equilibrium conditions [1]. We have been carrying out 
a study of the presolar grain inventory of the unique 
carbonaceous chondrite MIL 07687 [2] and have 
identified an unusually large presolar silicate grain that 
might show evidence of formation in multiple distinct 
environments. 

 
Fig. 1. Grain 5d1_6o1 from MIL 07687. From left to 
right: SE image, NanoSIMS d17O map, and Auger 
element maps for Fe and Mg. The dashed lines outline 
the isotopic anomaly (images = 3.3 µm field of view). 

Sample and Experimental Methods: Grain 5d1-
6o1 was identified during our routine NanoSIMS raster 
ion imaging of fine-grained matrix areas to locate O-
rich and C-rich presolar grains in MIL 07687, e.g. [3] at 
Washington University in St. Louis (WU). The grain 
was then relocated and measured for its elemental 
composition using the WU Auger Nanoprobe [4]. 

Finally, we prepared an electron-transparent section of 
the grain via previously described focused-ion-beam 
techniques (FIB) [5], using the Helios NanoLab 660 
FIB-SEM at the University of Arizona (UA). We 
acquired detailed scanning transmission electron 
microscope (STEM) imaging and energy-dispersive X-
ray spectroscopy (EDS) analyses of the grain cross-
section using a Hitachi SU9000 30kV SEM/STEM at 
UA. Additional TEM imaging and selected-area 
electron-diffraction (SAED) patterns were also acquired 
using the new aberration-corrected Hitachi HF5000 
200kV (S)TEM at UA. 

Results: MIL 07687 is characterized by the 
presence of two distinct matrix lithologies that are the 
result of highly localized aqueous alteration: one 
lithology is Fe-rich and exhibits evidence for interaction 
with water, while the other is Fe-poor and appears to 
represent relatively unaltered and unequilibrated 
material [2]. Presolar grains are far less abundant in the 
altered regions and are characterized by a lower median 
Fe content than the ones from unaltered areas [6].  

Presolar grain 5d1-6o1 was identified in an Fe-rich 
aqueously-altered region. The NanoSIMS and Auger 
spectroscopy data of this grain show that it consists of a 
donut-like shape with both heterogeneous isotopic and 
elemental compositions: an isotopically normal inner 
silicate core (δ17O = 69 ‰) with a distinct boundary, that 
is surrounded by a 17O-rich rim (δ17O = 302 ‰) of 
additional silicate material (Fig. 1). With a diameter of 
1.3 µm, grain 5d1-6o1 is, to date, among the largest 
presolar silicate grains thus far identified. 

The Auger data show that the central isotopically 
normal core of the grain is Fe-rich (Mg# = 22), while the 
outer isotopically anomalous rim is depleted in Fe relative 
to the core (Mg# = 34). The slight depletion of Fe is 
consistent with the lower median Fe content seen in 
presolar grains from the aqueously-altered matrix 
regions.  

STEM imaging confirmed that the grain is located in 
an altered region of the MIL 07687 meteorite, with  the 
presence of fibrous (dendritic) ferrihydrite. Such images 
also show that the core region and the two outer lobes 
consist of grain assemblages with a visible increase in the 
grain sizes from the nanoscale on the left to the 500 nm 
scale on the right side (Fig. 2). The EDS data indicate that 
the left side and core region of the grain have elemental 
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compositions consistent with Ca-rich ferromagnesian 
silicate, but the core contains higher Fe and Ca contents. 
The right side of the grain is composed of iron sulfide 
grains, with a composition consistent with troilite (FeS), 
in a groundmass of Mg-rich silicate. Standardless 
quantification of the EDS data indicate a higher Fe 
concentration in the core region (Mg# = 22) than in the 
isotopically anomalous rim (Mg# = 33), which is 
consistent with the Auger data. SAED patterns across the 
three different regions confirmed that they are all 
polycrystalline on the nanometer scale. 

Discussion: The enrichment in 17O  observed in the 
grain rim is consistent with an origin in a low-mass red 
giant and asymptotic giant branch (AGB) star [7].  

 The unique donut-like structure of the grain, with 
an isotopically normal core surrounded by a 17O-rich 
rim, is unique. We explore several possible hypotheses 
for its origin. (1) The structure could be due to aqueous 
alteration on the parent-body asteroid. In this scenario 
however, aqueous alteration cannot account for the 
isotopic heterogeneity observed in the grain, as re-
equilibration of the O isotopes would lead to a more 
isotopically normal and Fe-rich outer rim, rather than 
the inverse distribution observed (Fig. 1). (2) An 
alternative explanation is that the isotopic and elemental 
compositions of both parts of the grain are original 
characteristics. In this scenario, both the rim and core 
must have condensed in the same star, and the 
differences in isotopic and elemental compositions 

reflect conditions in the stellar envelope at the time of 
grain condensation. In other words, the inner core of the 
grain condensed at a time when the stellar envelope 
reflected the initial isotopic composition, while the 
outer part of the grain condensed after the envelope was 
enriched in 17O due to dredge-up of material from the 
core of the star. (3) If the isotopically normal core region 
did not form in an AGB star, the observed core-rim 
assemblage could reflect processes in the Interstellar 
Medium (ISM) where the core condensed in the ISM 
and circumstellar AGB grains accreted around it.  

Apart from a tiny FeS-like inclusion inside a 
presolar graphite spherule [8], the FeS-like grains mixed 
in Mg-silicate groundmass in the right side of grain 5d1-
6o1, represent the first identification of an FeS grain 
from an AGB star.  
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Fig. 2. Cross-section of Grain 5d1_6o1. STEM bright-field (BF) and dark-field (ADF), and false-colored EDS 
elemental maps of the grain and its surrounding material. The dashed lines outline the isotopic anomaly. 
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