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Introduction

•Abundant micrometeoroid impact craters, splash
melt, and solar wind blistering have been identified
in lunar soil grains and surface regolith returned
from asteroid Itokawa.

•Regolith-breccia meteorites contain some grains
that were directly exposed on the surface of airless
bodies, which can be identified by space-weathering
features on grain surfaces.

•Microcraters have been identified on grains from
Murchison and Kapoeta meteorites (Goswami+
1983, Brownlee & Rajan 1973).

Figure 1: a) Micrometeoroid impact crater on Murchison olivine
grain (0.85 µm diameter) and b) feldspar grain from lunar soil
breccia 15086 (2.2 µm). From Goswami+ 1983.

• Identification and FIB-TEM analyses of
space-exposed grains from regolith breccia
meteorites would extend our understanding of
space weathering to other airless bodies in the
Solar System

Here we describe our methods to gently disaggre-
gate regolith breccia meteorites and search grain
surfaces for micrometeoroid impact craters, and
report our initial results and FIB-TEM analyses
from Adzhi-Bogdo (LL3–6), Fayetteville (H4), and
Murchison (CM2).

Freeze-Thaw Disaggregation

Figure 2: Automatic freeze-thaw system.

•Disaggregated ∼0.3 g meteorite chips in an
automatic, Peltier freeze-thaw device: ∼3000
freeze-thaw cycles (38 days). Then powder is
transfered to SEM stubs.
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Figure 3: a) Adzhi-Bogdo before disaggregation, showing gas-
poor light lithology and gas-rich dark lithology. b) Fayetteville
chunk showing primarily the dark lithology.

SE Imaging & Crater Search

a)

2 mm

b)

Figure 4: a) Disaggregated Adzhi-Bogdo grains on 1/2-inch SEM
stub with carbon tape. b) Low-magnification secondary electron
image of Adzhi-Bogdo sample.

•Each stub was coated with ∼5 nm of Au-Pd.
•Secondary electron images collected on Tescan
MIRA-3 FEG-SEM at 1–2 kV accelerating voltage
to maximize surface sensitivity.

• 50 µm field-of-view, 1536×1536 pixels.
•Automatic brightness/contrast and autofocus.
•Two weeks to image each stub: ∼15,000 SE images.
• Images were searched manually for microcraters
and other surface space-weathering features.

•Crowd-sourcing and neural network computer
algorithm to search images is in development.

Candidate Micrometeoroid Craters

Figure 5: SE images of crater candidates in Adzhi-Bogdo.

Figure 6: SE images of crater candidates in Murchison.

•We identified dozens of candidate craters in
Adzhi-Bogdo, Fayetteville, and Murchison

•Freeze-thaw process oxides Fe metal, which
obscures surfaces of some grains (most severe in
Fayetteville (H4))

•Fine-grained adhering material(matrix grains,
organics) obscured some grains from Murchison

•Clean grains surfaces are abundant in all samples

FIB-TEM of Crater Candidates

Figure 7: a) SE image of possible impact crater in a grain from
Fayetteville (H4). Oxidation products from freeze-thaw disaggre-
gation slightly obscures the surface of possible crater. b) SE
image of thin section of crater candidate after trenches have been
removed by FIB. c) TEM bright-field image of crater cross-section
with crystalline phases indicated by color overlays. Gray-colored
amorphous silicate lines the bottom of the depression, possibly an
impact residue product from the olivine target material (green).
Black material is FIB-deposited Pt.
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Figure 8: a) SE image of possible impact craters in a grain from
Adzhi-Bogdo. Red dotted line indicates targeted FIB region. b)
SE image of FIB section of craters immediately before lift out,
with Omniprobe needle attached. c) TEM bright-field image of
the crater on the right part of the FIB section outlined in red in
panel a). Red dotted outline is an Fe-rich grain on the crater
floor. The impacted mineral is albite, which shows some shock
deformation in its selected-area electron diffraction pattern.

Conclusions

We have developed techniques to identify space-
exposed grains in regolith-breccia meteorites and
analyze their nm-scale structure by TEM. These
analyses will provide important meteorite analogs
to the returned samples from the OSIRIS-REx and
Hayabusa2 missions.


