Characterizing Comet 81P/Wild 2 with Acfer 094 Analog Foils
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SEM-EDS of Acfer Analogs

Introduction
• Stardust mission collected cometary material in 2 ways:
I: Lightweight, silicon-based aerogel
II: Aluminum foil scaffolding
• Fine material (<1 μm) is difficult to analyze
in aerogel due to high impact velocities
(~6.1 km/s), and is modified differently in foils
• Isotopically anomalous presolar
grains are known to be preferentially
destroyed during impact processing1
• Determining the nature of foil
impact processing is essential to
characterizing cometary fine material
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Impactor Morphology
• No crystalline material was observed in the impactor
residues
• This result differs from previous TEM studies of Stardust
foils; surviving pyroxene and enstatite grains have been
found in Wild 2 residues4
Our Results (Analogs)
Stardust Craters4

• 201 Acfer 094 analog craters were studied via SEMEDS, ranging in size from 400 nm to 50 μm diameter
• Craters showed a wide spread around the Acfer 094
bulk matrix values3
• Craters were selected for further study via FIB-TEM
based upon these
initial SEM-EDS
compositions; craters
were selected to
obtain a wide range
of impactor
compositions
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• We create analog foils with a light gas gun to replicate
the Stardust sample collection process
• Impacting material was finely ground material from the
primitive carbonaceous chondrite Acfer 094

• Our previous studies of analog foils focused on highly
refractory SiC/SiN/TiC/TiN grains2
• Smaller impactors (<1 μm) were found to be likelier to
survive the impact intact with unaltered crystalline structures

• 22 Acfer 094 analog crater cross-sections were made
using a focused ion beam
-6 Large Craters (5-10 μm diameter)
-12 Medium Craters (1-3 μm diameter)
-4 Small Craters (<1 μm diameter)
• Impactor material was elementally characterized on a fine
scale via TEM-EDS
• Crater bottoms found to be melted, elementally
homogenous mixtures of Al/Si/Mg/Fe/Ca, Al/Fe/S/Ni or both
• Aluminum incorporation into the melt layers was
universal, with Ti5
nearly all melt
layers >50%
Al,
consistent
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with other analog studies but not the Stardust foils4,5
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• Results demonstrate that small Al-foil craters offer a
complementary means to study the cometary fine fraction
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• Iron vesicles were found in 2 of 12 medium craters and
4 of 6 large craters
• Presence of Fe vesicles is consistent with previous
aggregate analog studies of large craters5
Our Results (Analogs)
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Summary and Conclusions
• Elementally homogeneous melt layers, Al incorporation,
and S loss all attest to high temperatures and pressures
experienced by impactor materials
• Formation of Fe vesicles in larger craters suggests their
melt layers experienced prolonged liquification
• Lack of surviving crystalline material is consistent with
other aggregate studies, but differs from Stardust studies
• Impact processes in the foils are not yet understood;
further work is required to understand lack of crystalline
material, Al incorporation and excessive S loss
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• Fe/S ratios in iron sulfide in raw
Acfer 094 material and impactor
material were compared
• Impacted material showed
excessive loss of sulfur,
consistent with melting, different
from Stardust foils4
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