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Introduction: Presolar grains represent extrasolar samples with anomalous isotopic compositions that can only 

be explained by formation around other stars, most commonly in the atmospheres of evolved low mass stars (AGB 

stars) and supernova explosions. This circumstellar dust can be found in the least processed planetary materials, in-

cluding some primitive meteorites. Semarkona represents one of the most primitive meteorites and is classified as an 

LL3.0 ordinary chondrite. Although it has experienced minimal heating, there is evidence that Semarkona has been 

affected by aqueous alteration processes on its asteroidal parent body [1 and references therein]. However, [2] recently 

identified regions of the fine-grained matrix which show minimal evidence for aqueous alteration, as demonstrated by 

abundant amorphous silicates. A NanoSIMS-based search confirmed a high abundance of presolar O-rich grains in 

these regions [3], some of which were targeted for transmission electron microscopy (TEM) analysis. In this study, 

we detail our TEM observations of an unusually large presolar composite grain reminiscent of amoeboid olivine ag-

gregates (AOAs). By studying the grain as is exists in its meteorite host, we are better able to discern information 

related to both its formation in the atmosphere of its parent AGB star as well as subsequent processing in the interstellar 

medium (ISM) and on its asteroidal parent body. 

Methods: To study the AOA-like grain (F2-8), we used a JEOL 2200FS TEM and a Nion UltraSTEM-200X. 

Results: Grain F2-8 had an unusual amoeboidal shape in the NanoSIMS images, which revealed it to have a 17O-

enriched composition typical of presolar grains from AGB stars. It is a 

large (1.39×1.07 µm), composite grain, with Mg-rich (Fo99) olivine, Mg-

Al spinel, and Ca-rich pyroxene (Wo44En54) (Fig. 1). The olivine is crys-

talline with multiple crystal domains, was sensitive to the electron beam, 

and is homogeneous with the exception of an elongate CaS-MnS subgrain 

(white arrow in Fig. 1) and an Fe-enriched region adjacent to a fracture. 

The spinel is polycrystalline, with the edges of the grain showing altera-

tion, as demonstrated by higher degrees of polycrystallinity and Fe enrich-

ment. Unaltered regions of the spinel contain small (~50 nm) magnetite 

subgrains. The pyroxene is present as two grains separated by sulfide and 

metal grains within amorphous silicates. The pyroxene contains nm-scale 

regions of crystallinity adjacent to amorphous patches and was sensitive 

to the electron beam.  

Discussion: The mineral phase assemblage of F2-8 is reminiscent of AOAs, and only two AOA-like presolar 

grains have been identified previously [4, 5]. AOAs are some of the earliest formed solids in the solar system and the 

products of gas-phase condensation. Similarly, presolar grains that formed around AGB stars are the products of gas-

phase condensation but, in this case, from gases of potentially non-solar compositions. The assemblage olivine+Mg-

Al spinel+Ca-rich pyroxene is consistent with condensation calculations over a range of C/O ratios (<1) and temper-

atures [6]. Together with the fact that these three phases are stoichiometric, we argue that they are the product of 

condensation around their parent star; however, the nanocrystallinity of the pyroxene implies that this was quasi-

equilibrium condensation. An alternative explanation for the nanocrystallinity of the pyroxene involves ion irradiation 

in the ISM, but it is difficult to envision a scenario in which ion irradiation partly amorphized pyroxene, but left olivine 

unaffected, given the similar sensitivities of the two phases to irradiation [7]. Instead, we argue that the kinetics of the 

system during condensation around the progenitor star are responsible for the nanocrystalline nature of the pyroxene. 

AOA-like presolar grains have implications for how long grains persist in circumstellar envelopes, since the grain 

must be present through the condensation sequence of the phases (from oxide through silicate). Several features of 

F2-8 are consistent with evidence for incipient parent body aqueous alteration. These include the presence of Fe en-

richment in the olivine and along the edges of the spinel, as well as the olivine and pyroxene’s unusual sensitivity to 

electron beam exposure, consistent with hydration. These observations are consistent with those of [2] and further 

illustrate that these ultra-primitive regions of Semarkona record some secondary processes. 
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Figure 1. STEM HAADF image of F2-8. 
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