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Introduction: NASA’s Stardust mission collected cometary
dust grains that impacted into low density aerogel collectors
with the expectation of returning cryogenically preserved plan-
etary materials, including interstellar dust grains and GEMS,
a class of dust particle typically associated with chondritic
porous IDPs. Due to their impact velocities of ∼ 6 km/s into
aerogel, Stardust cometary dust grains were decelerated grad-
ually, dissipating their kinetic energy and momentum over a
length-scale several hundred times the size of the original par-
ticle. As a result of the capture process, most fine-grained
material suffered significant alteration, while larger terminal
particles, experienced minimal or no alteration to their interior
portions [3].

A curious discovery to result from laboratory studies of
Stardust particles is that the capture process of FeS-rich par-
ticles appears to produce GEMS-like objects (“Stardustite”)
that is interspersed with the fine-grained material associated
with terminal particles [1, 2]. These objects are most likely
mixtures of both cometary and altered aerogel material.

As part of our work on developing infrared-spectral map-
ping of returned samples with nanometer scale pixel sizes, we
performed multi-technique studies of Stardust particles using
TEM, SEM, and NanoIR. Our presentation will focus on the in-
sights provided by NanoIR mapping of GEMS-like stardustite
found in the Stardust collection.

Sample Preparation and Analysis:
We embedded Stardust particle C2086,191,UW1 into epoxy

and ultramicrotomed onto TEM grids with an amorphous car-
bon substrate. The exposed surface of epoxy bullet was stud-
ied using NanoIR, and for comparison the closest TEM section
(Grid B4) was examined using STEM/EDS and TEM imaging.
Figure 1 shows one of the stardustite regions which comprises
a mix of aerogel and cometary silicate with many Fe-Ni metal
and sulfide inclusions. The size of the metallic/sulfide inclu-
sions varies from a few nm to a few tens of nm across.

NanoIR mapping: To obtain nano-infrared spectral maps
of samples, we used a Bruker nanoIR3 equipped with a broadly
tunable Quantum Cascade Laser (QCL) (ν̃ ' 800 − 1900
cm−1, Daylight Solutions). Imaging of samples was done
using a Resonance Enhanced (REINS) AFM-IR mode. Pixel
by pixel data on the topographic height and AFM cantilever
response amplitude were recorded. The sample was imaged
from 1050-1250 cm−1 in steps of 25 cm−1 with a spatial
resolution of ≈ 10 nm. The images at each energy were
combined to produce low-energy-resolution spectra of GEMS-
like stardustite and surrounding epoxy/aerogel.

Results:
Principal Component Analysis (PCA):
We used a PCA algorithm implemented in Python to clas-

sify the spectrally distinct regions in the AFM-IR images and

Figure 1: LRGB of Starustite in Grid B4. The luminance
channel is HAADF, colors are Fe (red), Si (green), S (blue).
The silicate material contains nm scale sulfides and Fe-Ni met-
als.

found that three phases dominated: aerogel, epoxy, and star-
dustite (see Figure 2). The spectra for each PCA component
is shown in Figure 3. Per EDS maps, the abundance of Si
and O atoms within stardustite is 3-4x > than the surrounding
aerogel or epoxy, yet the IR intensity of the stardustite is 5X
weaker making the IR intensity of stardustite at least an order
of magnitude weaker than aerogel or epoxy.

Discussion:
We have shown that the combination of NanoIR imag-

ing, even with relatively low spectral sampling,can be used to
identify and distinguish between regions dominated aerogel,
GEMS-like objects (Stardustite), and terminal particles.

The observation that the NanoIR + PCA derived infrared
absorption signal of the Si-O stretch mode of GEMS-like ob-
jects is significantly suppressed compared to the surrounding
aerogel is both unexpected and significant. We suggest that the
underlying reason for this suppression of IR absorption is due
to the presence of Fe-Ni metal nanoparticles such as the ones
shown in Figure 1. Being metallic, their dielectric properties
may result in the partial shielding of IR photons.

Conclusion:
NanoIR combined with PCA analysis has allowed us to

achieve several signficant results. First, we have shown that
NanoIR when combined with PCA analysis can be used to
efficiently distinguish between chemically distinct regions on
a surface. Secondly, as a result of this classification, we have
also been able to directly identify and characterize the infrared
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Figure 2: Principal components analysis of NanoIR map of
Stardustite showing three phases: aerogel (red), stardustite
(green), and epoxy (blue).

Figure 3: Spectra produced by principal components analysis
of NanoIR map of stardustite. The intensity of the stardustite
is ≈ 5x lower than the aerogel or epoxy.

spectral properties of GEMS-like objects in Stardust tracks.
The suppressed IR signal is a significant outcome of these
studies and have important ramifications for our understand-
ing of interstellar dust and the interstellar medium, which we
briefly discuss below.

First, if these objects are indeed analogs for interstellar
dust in the ISM, as has been suggested previously [4], then
our finding that these types of particles have significantly sup-
pressed IR absorption may have important implications for our
understanding of the interstellar medium. Models of interstel-
lar dust typically assume that the metal content of the ISM is
distributed throughout the volume of the particles. However,
as our measurement show, if metal nanoparticles are present
on these dust grain surfaces, then dust abundance determi-
nations using IR spectral linewidths may systematically be
under-estimating oxygen abundances. We will elaborate on
these implications at LPSC and present a model to quantita-
tively explain our spectral results and
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