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EARTH AND ENVIRONMENTAL SCIENCES

Nanoscale Infrared Study of
Meteorite Mineralogy

Scientific Achievement

Using a nanoscale infrared probe at the Advanced Light
Source (ALS), researchers found that the mineralsin a
meteorite—an artifact representing the solar system’s
past—were altered by water on very fine spatial scales.

Significance and Impact

The work sheds light on conditions in the early solar system
and lays groundwork for analyzing asteroid samples to be
returned to Earth by NASA in 2023.

Left: Meteorite fragment (ALH 83100) collected from the Allan Hills region of Antarctica in 1983. A cubic-centimeter block is included for scale. Center:
Section of ALH 83100 analyzed in this work. Different minerals are highlighted in the overlaid map, obtained using laser-based micro-infrared
spectroscopy at Stony Brook University. The black arrow points to the area of interest for synchrotron nano-infrared measurement at the ALS. Right:
Close-up of the area of interest, with the data-collection area indicated by the red box.

A nanoscale view of the early
solar system

Meteorites—in particular, a type called
chondrites—are a good source of
primordial solar system material. These
rocks preserve the histories of their parent
bodies in tiny round inclusions (chondrules)
and the fine-grained matrix materials that
surround them. Moreover, carbonaceous
chondrites often contain water and
prebiotic organic molecules, which they
likely delivered to Earth through impacts
during accretion.

To learn more about the geochemistry of
the early solar system, a team led by
researchers from Stony Brook University
used infrared (IR) spectroscopy and
microscopy to characterize the mineral

composition of a carbonaceous chondrite
(ALH 83100) at nanometer spatial scales.
The work nicely demonstrates the type of
capabilities that will be available for
analyzing the pristine asteroid samples
being returned to Earth next year by
NASA’s OSIRIS-REx mission.

Return from Bennu

The OSIRIS-REXx spacecraft was launched
in 2016 and will return samples from the
near-Earth asteroid, Bennu, in 2023.
Bennu is a primitive body that’s been linked
to carbonaceous chondrites like ALH
83100. However, unlike many meteorites,
samples from Bennu will not have been
altered by terrestrial weathering or
microbes.

The ability to analyze these pristine
samples using nano-IR spectroscopy would
be invaluable. Remote-sensing of Bennu'’s
surface using IR light from orbit resultsin a
resolution of typically several meters at
best, with the signal averaged out between
huge boulders and fine dust. With nano-IR,
scientists can pick out individual mineral
and organic components, potentially
answering questions such as whether
organics occur in association with certain
minerals.

At the chondrule’s edge

In this work, the researchers used single-
wavelength IR imaging and broadband
synchrotron IR nanospectroscopy (SINS) at
ALS Beamline 2.4 to locate and probe a
region of ALH 83100 where interesting



geochemical processes might have taken
place: the boundary between a chondrule
and the surrounding matrix. The ability to
correlate synchrotron-based broadband
spectroscopy with single-wavelength
microscopy using tunable lasers at the
beamline is highly advantageous and not
readily available elsewhere.

A multispectral nano-IR map was
generated by assigning colors (red, green,
and blue) to key vibrational modes. The
resulting false-color image provides a clear
picture of the compositional variability in
this portion of the sample. Nano-IR spectra
were collected at specific locations based
on this spectral variability.

History written in the matrix

The results indicate that the chondrule
contains forsterite, a magnesium-rich form
of olivine. The matrix consists of
phyllosilicates, which are products of
aqueous alteration (as minerals dissolve
and precipitate, for example). Interestingly,
the mix of iron and magnesium in the
matrix varied within very small distances
from the chondrule, indicating a highly
variable, heterogeneous process. More

This visualization of Bennu, generated using
laser altimetry data and high- resolution im-
agery from OSIRIS- REx, shows a surprisingly
rocky landscape.
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Multispectral nano-IR map of the chondrule-matrix area of interest. Red, green, and blue color
channels represent IR frequencies of 944, 1,039, and 1,081 cm™1, respectively. Black-edged squares
represent positions where single spectra were collected. Arrows point to a vein-like structure;
horizontal dashed line shows the chondrule-matrix border; vertical dashed line shows border
between chondrule zones.

techniques, including nano-IR at the ALS.
The researchers believe it will be an
important tool in decades to come, not
only for analyzing samples returned from
space but also in linking remote-sensing
data with sample-scale measurements.

iron further away from the chondrule
indicated that there was more pervasive
alteration earlier in the sample’s history.

The researchers are currently working on a
project for the NASA Laboratory Analysis
of Return Samples (LARS) Program to
enable correlated analyses using multiple
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