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Abstract
The thermal infrared (TIR, or vibrational) emission spectra of a suite of synthetic Mg-Fe olivines exhibit
notable differences from their natural igneous counterparts in terms of their band shapes, relative depths,
and reduced shifts in some band positions with Mg-Fe solid solution. Comparable reflectance spectra
acquired from olivine-dominated matrices and fusion crusts of some carbonaceous chondrite meteorites
exhibit similar deviations. Here we show that these unusual spectral characteristics are consistent with
crystallite sizes much smaller than the resolution limit of infrared light. We hypothesize that these small
crystallites denote abbreviated crystal growth and also may be linked to the size of nucleation sites. Other
silicates and non-silicates, such as carbonates, exhibit similar spectral behaviors. Because the spectra of
mineral separates are commonly used in the modeling and analysis of comparable bulk rock, meteorite,
and remote sensing data, understanding these spectral variations is important to correctly identifying the
minerals and interpreting the origin and/or secondary processing histories of natural materials.
Keywords: Spectroscopy, olivine, carbonate, crystallinity, metamorphism, meteorites, mineral
synthesis, carbonaceous chondrites

Introduction
Thermal infrared spectroscopy has been used for decades
to understand mineral structure and chemistry for applications
that range from understanding crystallography to modeling the
behavior of minerals under conditions in the Earth’s mantle,
and even deducing the geologic histories of solar system objects
and the composition of circumstellar disks (e.g., Bandfield et al.
2000; Burns and Huggins 1972; Hofmeister et al. 1989; Jäger et
al. 1998). For minerals that are not easily obtained through the
separation of natural samples, synthesis approaches can be useful
for conducting systematic TIR compositional and structural studies
(e.g., Maresch and Czank 1983; Velde 1980). However, mineral
synthesis does not replicate all natural conditions, e.g., starting
materials and time. As such, there are opportunities for synthetic
minerals to deviate physically, chemically, and thus spectrally
from their natural counterparts.
Meteorites, particularly those in the carbonaceous chondrite
(CC) class, record some of the earliest geological activity in the
Solar System. The CC meteorites are complicated rocks formed
by sedimentary processes, and they come from parent bodies that
did not experience differentiation. They are dominantly comprised
of olivines, pyroxenes, phyllosilicates, oxides, sulfides, and carbonates along with Fe,Ni metal. The mineralogy and alteration
histories of many meteorites have been explored through TIR
spectroscopy, and such spectra have been used to characterize their
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alteration histories and link them to potentially related asteroids
and comets (e.g., Beck et al. 2014; Miyamoto and Zolensky 1994;
Sandford 1984).
The present study was motivated by several initially unrelated
observations. First, we observed that the TIR emission and reflectance spectra of a suite of synthetic olivines (Dyar et al. 2009; Lane
et al. 2011) exhibit notable, unexplained, differences in spectral
shape and relative band intensity as compared to their igneous
counterparts (Hamilton 2010 and references therein). Second, we
observed atypical spectral features in microscopic TIR measurements of matrix materials in the CC meteorites Allende (CVoxA)
(Hamilton and Connolly 2012) and Sutter’s Mill (C-ungrouped)
(Haberle et al. 2019), as well as aqueously altered CC meteorites
that have experienced re-heating (e.g., Hanna et al. 2020; Lindgren
et al. 2020). Third, fusion crusts on aqueously altered CC meteorites exhibit similarly atypical olivine spectral features. These three
sets of spectra represent different origins and histories but exhibit
a remarkable similarity among their spectra, which indicates a
common physical characteristic, the physics of which has not been
described and quantified previously to our knowledge.

Methods
The synthetic and natural olivine emission spectra shown in this work (Fig. 1)
are taken from Dyar et al. (2009), Lane et al. (2011), Koeppen and Hamilton (2008),
and Hamilton (2010); the samples and methods of spectral acquisition are described
in detail in those papers.
The carbonaceous chondrite (CC) meteorites analyzed in this work are prepared
as polished epoxy mounts (Sutter’s Mill) or thin sections (all others), and their thermal
infrared reflectance spectra were acquired on a ThermoScientific iN10 Fourier transform infrared microscope (μ-FTIR). The configuration and measurement approach is
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