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Clues to the Solar System’s Original
“Bricks and Mortar”

This cometary-type interplanetary dust particle, L2005AR7, was collected by NASA stratospheric
aircraft. Its porous aggregate structure is evident in this scanning electron microscope image.

Credit: Hope Ishii, University of Hawai'i.

Origins of the solar system

A fundamental goal of the study of
primitive extraterrestrial material is to
better understand the nature of the
original stuff of the solar system. Inter-
planetary dust particles (IDPs) collected
in the stratosphere are the most likely
repository of such material because they
come from comets, small bodies that
accreted beyond the giant planets and that
have remained cryogenically frozen since
solar system formation.

In 1994, IDPs were found to contain
tiny grains of glass with embedded metal
and sulfides (GEMS). The remarkable
similarity between the properties of
GEMS and interstellar dust suggested that
GEMS are the long-sought primordial
materials—dust grains formed in situ in the
cold (below 100 K) interstellar medium
that were subsequently incorporated into
the embryonic solar nebula. However, in

2011, a very different origin was proposed
for most GEMS: that they formed not in
the cold interstellar medium but in the hot
(over 1300 K) inner solar nebula during
planet formation.

Analysis of natural
nanomaterials

In this work, researchers further inves-
tigated the origin of GEMS in IDPs by
examining them at unprecedented spatial
scales and sensitivity. IDPs, and GEMS in
particular, are natural nanomaterials, the
most finely grained and heterogeneous
(compositionally and structurally) natural
materials ever encountered. Assessing the
distribution of organic constituents and
determining the nature of their chemistry
required the use of microbeam and
nanobeam techniques.

At ALS Beamline 1.4, the researchers
obtained Fourier-transform infrared (FTIR)

Scientific
Achievement

In comet dust, researchers discov-
ered composite organic-inorganic
mineral grains that are likely to be
the original “bricks and mortar” of
the solar system.

Significance
and Impact

“Forensic” samples preserved from
the birth of the solar system allow
investigations into the nature of the
atomic and molecular ancestry of the
terrestrial planets and life on Earth.

spectra with diffraction-limited spatial
resolution. This synchrotron-based
infrared source provided a sufficient
signal-to-noise ratio to enable identifica-
tion of the organic chemistry of thin
sections of IDPs only about 100 nm thick.
The FTIR identifications were comple-
mented by energy-dispersive x-ray
spectroscopy and electron energy loss
spectroscopy in transmission electron
microscopy (TEM) studies at Berkeley
Lab’s Molecular Foundry and at the
University of Hawai‘i at Manoa. The TEM
studies provided nanoscale compositional
maps and spectroscopy, vital to character-
izing these fine-grained materials.

Discovery of organic carbon
within GEMS
GEMS had long been considered to

contain only inorganic (mineral) constitu-
ents, but this work revealed that they also
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Synchrotron FTIR spectrum from a thin section of IDP U217B19. The spectrum allows definitive
assignments of hydroxyl (-OH), aliphatic hydrocarbon (-CH,, -CH,), carbonyl (C=0), and silicate
(SiO,) functional groups. Despite the predominance of amorphoussilicate in the section volume, the
silicate feature is relatively narrow due to the strong signal from the (minor) crystalline silicates that
are present. The spectral features also indicate the possible presence of cyano (C=N) and nitro
groups (R-NO,).

Top: Hope Ishii, John Bradley, and Hans Bechtel.
Middle: Don Brownlee, Karen Bustillo, and
James Ciston. Bottom: Jeffrey Cuzzi, Christine
Floss, and David Joswiak.

contain organic carbon. Although such
organic-inorganic composite grains had
not previously been observed in extrater-
restrial materials, recent models of dust in
the interstellar medium have found that

before ending up in the cold, dense cloud
that became our solar system.

Because IDPs were the major source
of organic matter for the early (pre-biotic)
Earth, the researchers’ future plans are

organic-inorganic composite grains can

focused on better understanding the
nature of the organic compounds they
contain, particularly the heterocyclic
compounds relevant to biology.

provide a better match to astronomical
observations of contemporary interstellar
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dust. The results also show that thereis a
core-mantle relationship between the inor-
ganic and organic components within
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C.Floss,and D.J. Joswiak, “Multiple generations of grain aggregation in different environments
preceded solar system body formation,” PNAS, doi:10.1073/pnas.1720167115 (2018).

GEMS. The organic mantles appear to have
facilitated grain aggregation (like mortar),
the critical process in building planetesi-
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mals from dust grains (the “bricks”).
Finally, since the (nitrogen-rich)
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organic carbon discovered in GEMS forms
at very low temperatures (below 100 K),
the results rule out the formation of GEMS
in the hot, inner solar nebula during planet
formation. The researchers propose that
GEMS represent dust that has experi-
enced varying degrees of cyclical
processing by passing in and out of cold,
dense clouds in the interstellar medium
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