
Figure 1 a (left): Stacked SEM BSE 
images of TEM thin foil (blue boxed 
area  higher magnified in Fig. 1 b) 
Figure 1 b (right): (I) Ca + S enrich-
ments within Px clast; (II) magnetite 
needles between Px/FGR; yellow 
speck = presolar grain location; (III) + 
(IV) iron oxide alteration; (V) magnet-
ite needles; (VI) slightly elevated Ca 
in adjacent Chondrule Px; scale bar is 
5 µm 
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Introduction: Presolar silicate and oxide grains within fine grained rims (FGRs) have been reported by [1, 2, 3]. 

In this study we present the detection of an oxygen-anomalous crystalline olivine grain set within a large portion of a 
TEM specimen produced by Argon ion slicing (ArIS) (Fig. 1a; see [4] for specimen preparation). The electron 
transparent area encompasses parts of a porphyritic low-Ca pyroxene chondrule, its enclosing FGR and parts of the 
interface FGR/Pyroxene clast from the Antarctic meteorite Allan Hills 77307 (CO 3.0). A NanoSIMS scan (MPI for 
Chemistry, Mainz) was performed within the confines of the electron transparent FGR portion and its adjacent mate-
rial, in order to detect oxygen-anomalous silicate and oxide grains. The size of the ArIS prepared TEM sample ena-
bled the analysis of components not only from the presolar grain within the FGR and surrounding host material, but 
also from the adjacent chondrule and overlying pyroxene clasts that constitute the top layer. 

Results and discussion: A group 1 grain (17O/16O = (8.04 ± 0.38)×10-4, 18O/16O = (1.87 ± 0.06)×10-3), later iden-
tified as olivine by ATEM, was detected. Group 1 grains show enhanced 17O/16O ratios and slightly depleted or 
solar 18O/16O ratios, and formed in the stellar outflows of evolving low-mass AGB/RGB stars. They constitute the 
majority of presolar O-anomalous grains found so far. The grain size is 180 nm × 50 nm and shows signs of incipi-
ent subgrain formation. It is located ~2 µm off a massive alteration site (Fig. 1b (II)) comprised of large magnetite 
needles (~2 µm) within an amorphous and fluffy portion of the FGR. TEM-EDX measurements in crevices between 
magnetite needles show enhanced values of Ca, S, and Mg. Locally confined Ca enrichments together with slightly 
enhanced S values are also detected within the adjacent overlying pyroxene clast (Fig. 1b (I)) and within the chon-
drule (Fig. 1b (VI)) that comprises the opposite interface with the FGR. These are probably remnants of a precursor 
Ca-sulfate and/or Mg-sulfate phase. The chondrule is slightly ellipsoidal, indicating that it suffered a collisional 
event that generated a thin (~200 nm to 1.5 µm) shock vein of olivine-like composition within the chondrule. Pres-
sures associated with shock vein formation within chondrule pyroxenes would cause high peak T and melting within 
the porous enclosing FGR, if it had been present at the time of impact [5, 6]. We therefore time the accretion of the 
FGR after the high pressure collision and attribute shock signs (undulose extinction in Ol ~ S2 shock stage) that are 
observed in the presolar crystalline olivine to incorporation and compaction of chondrule and rim into its parent 
body. The overall shock degree is low (sample portion 2 mm × 3 mm), and minor signs of starting mobilisation of 
iron-bearing phases are found in the surrounding material outside of the chondrule and rim outline. These signs are 
still compatible with pressure margins set by S2 shock events and are probably related to compaction processes on 
the parent body. A processing of the presolar grain around its stellar formation site cannot be ruled out completely, 
but the chain of later overprinting events would probably lead to the same result if the tiny grain had escaped its 
stellar envelope unharmed.  
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