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❖ Mapping microspectroscopy in the infrared (~2.5 - 25 µm) is a valuable technique for: 1) the identification of minerals and amorphous phases in meteorites, 2) and characterizing their distribution (in situ) 

❖ Key advantages: compare spectrally-derived information to X-ray/EPMA maps acquired on the same thin/thick section or potted butt, perform point-counts, generate average/bulk spectra, and obtain spectra of phases that can't be isolated 

❖ Data collection & processing differ from the analysis of chips or particulates; here we describe the instrumentation, data collection parameters, and commonly observed artifacts and their mitigation in carbonaceous chondrite (CC) data [1]

❖ Thermo Scientific iN10 Fourier transform infrared microscope (µ-FTIR) 
measures reflectance from 4,000 - 400 cm-1 (2.5 - 25 µm) 

❖ The aperture (measurement spot size) can be set to square or rec-
tangular sizes from 10 - 300 µm and rotated to any angle 

❖ Measure discrete points or collect maps via software control of a mo-
torized sample stage; number and spatial intervals of mapping mea-
surements are user-selectable in the x and y dimensions 

❖ Calibration 

❖ Radiance spectra of the sample are ra-
tioed to that of a polished gold plate to 
obtain reflectance and remove spectral 
contributions from the instrument and 
environment 

❖ The gold plate, thin/thick sections, and 
potted butts are all polished, having 
comparable roughness and avoiding the 
effects of variable particle size observed 
in powdered samples (Figure 1) 

❖ Diffraction 

❖ Occurs when the aperture is roughly 
≤wavelength of light [2] 

❖ Here, apertures <25 µm will reduce the spectral region over which the 
aperture size is a true representation of the area measured 

❖ Diffraction is not a problem if the aperture is >25 µm or the spectral 
feature of interest is at a wavelength shorter than the aperture size 

❖ Equivalence with Emission 

❖ The µ-FTIR has a permanently 
aligned, 15X, 0.7 N.A. (half an-
gle range 20° to 43.5°) visible/
IR objective and condenser  

❖ This is a sufficiently small solid 
angle that our µ-FTIR spectra 
are equivalent to emission and 
do not suffer from the band 
broadening effects near the 
Christiansen feature (CF) ob-
served in biconical systems 
having large solid angles that 
include (near-) grazing angles 
of incidence and collection 
(Figure 2) [3] 

❖ Our spectra are converted to 
emissivity for comparison 
with the ASU emission library  
[4] and the author's library

Data Collection - Instrument Features
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❖ Data quality depends on: 

❖ Number of scans - signal-to-noise ratio (SNR) increases as a function 
of sqrt(N) where N is the number of scans (Figure 3) 

❖ Aperture size - bigger = more photons = more signal (Figure 3) 

❖ Spectral resolution - higher spectral resolution is more sensitive to 
noise, requires more scans to increase SNR 

❖ Sample properties - for a given spectral resolution and aperture size, 
a carbonaceous chondrite (CC) lacking abundant opaques & organics 
may require shorter integration times than darker samples 

❖ No single set of parameters is applicable to all samples; settings must 
be determined by user on a case-by-case basis depending on the fi-
delity of the measurement needed to address the science question 

❖ It is rare to see a quantitative SNR provided for laboratory spectral 
data -- instead, as with methods like EPMA and SEM, the instrumental 
settings that were used are what is given in publications

Data Collection - Measurement Parameters
❖ Interference fringing 

❖ Continuous, non-scattering samples (commonly transparent or 
translucent) that are uniformly thick may induce multiple passing of 
the infrared beam (Figure 5, left)  

❖ Result is a sinusoidal interference waveform superimposed on the 
measured spectrum, most noticeable in the regions where there is 
no absorption by the sample (Figure 5, right) 

❖ There are several ways to mitigate interference fringing: 

❖ 1) measure a different section (Figure 5), 2) measure a potted butt 
(Figure 5), 3) slightly wedge the sample, 4) roughen the sample 
surface, 5) cover section with thin KBr layer to increase thickness, 6) 
use spectrometer software to remove offending spike(s) from orig-
inal interferogram and reprocess 

❖ Spectral features of epoxy 

❖ Some CC samples can be porous and are impregnated with epoxy 
[e.g., 5], which has spectral features diagnostic of its chemistry 

❖ We observe epoxy features in about 1/3 of ~50 samples 

❖ Epoxy spectra have very weak features; strongest observed to-date  
are in MAC 88107 (C3-ung) (Figure 6); nonetheless, these can occur 
near, and modify, depths or positions of silicate features of interest 

❖ Common epoxies/hardeners contain OH oligomers [10] with broad 
spectral features (~3500 cm-1) that can overlap, but are distinct 
from, that of hydroxyl in minerals (a sharp peak ~3680 cm-1) 

❖ Mitigation: Spectral features add linearly in solid samples at these 
wavelengths, allowing epoxy features to be measured in isolation and 
subtracted from CC spectra in which they are observed (e.g., Figure 6) 

❖ Deltas in emissivity (uncorrected vs. corrected) are typically <<1%, 
much less than the strengths of features of interest (~15-25%) 

❖ Deltas in band position after correction typically range from 0 - 10 
cm-1 (five channels or less at 2 cm-1 sampling); generally less than 
variations of interest among CC meteorites, which are of order 
5-150 cm-1 [1].

Data Processing - Common Artifacts & Mitigation 

Figure 1. 1" round thin section of 
MAC 87300,2 (C2-ung) on spec-
trometer sample holder. Polished 
gold plate used for calibration is 
visible just above sample.

❖ Measuring standard petrographic thin/thick sections (TS/THK-S) and potted butts (PB) enables comparison of multiple data sets (e.g., EPMA, SEM, µ-FTIR)  

❖ Thin/Thick sections: polished sample slice mounted on silica glass substrate with epoxy/resin and polished [e.g., 5]; may be rectangular or round 

❖ Potted butts: thick, round epoxy mounts containing polished sample chips [e.g., 5]. 

❖ Carbon coatings are commonly present if the sample has been analyzed previously by other geochemical methods; these can be removed but have no effect 
on µ-FTIR spectra because the coating is infrared inactive and vanishingly thin (typically ~250 Å) relative to the wavelength of investigation

Data Collection - Meteorite Sample Preparations

Figure 3. (left) Spectra of phyl-
losilicate in Nogoya (CM2.2) 
acquired with a 300-µm aper-
ture size using different inte-
gration times. (right) Spectra 
acquired at the same location, 
but showing impact of both 
aperture size and integration 
time on spectral noise. All data 
acquired at 4 cm-1 resolution.

❖ Measurement of polished samples can result in collection of spectra ex-
hibiting crystallographic orientation effects 

❖ This is a strength for identifying crystallographic (e.g., preferred) orienta-
tion/fabrics [6] or obtaining data for determining optical constants 

❖ This is a neutral effect if identifying phases is the goal; oriented spectra 
do not prevent phase identification (c.f., optical microscopy) 

❖ This is a neutral effect if the bulk material spectrum is produced from a 
map having hundreds of points on randomly oriented crystals/matrix 

❖ This may be a concern if obtaining a representative spectrum of a single 
mineral equivalent to a coarse (>~65 µm to solid) granular mineral is the 
objective (e.g., for remote sensing) 

❖ In this case, average the spectra of 
multiple crystals of the same mineral 
having different orientations; this can 
be accomplished with as few as 3-4 
measurements (e.g., Figure 4)

Data Collection & Processing - Crystallographic Orientation
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Figure 2. µ-FTIR spectrum of quartz (solid red 
line) showing equivalence to emission spectra 
(dotted blue line). Band broadening, such as that 
observed in some biconical systems (e.g., Johns 
Hopkins Univ. spectral library, green dashed line) 
is not observed. Spectra are normalized to have 
the same spectral contrast. 

Figure 5. (Left) Interference fringes 
occur when incident light (I0) is 
transmitted through the sample 
and is reflected back from the bot-
tom surface [8, 9].  

Figure 5. (Right) Olivine grains in 
two TS and one PB of Murchison 
(CM2.5). Spectra from one TS ex-
hibits fringes (top) and one TS and 
PB have no interference fringes 
(middle, bottom).

Figure 6. A fractional amount (~30%) of 
the full contrast epoxy spectrum (heavy 
black line) was subtracted from the orig-
inal MAC 88107 average spectrum (light 
red line) to produce a corrected spec-
trum (dotted green line). Inset shows 
expanded view of transparent region 
near Christiansen feature. Note also the 
successful correction for OH oligomers 
around 3500 cm-1.    

Figure 4. Individual olivine spectra (1-3) from ALH 85002 (CK4) 
exhibiting orientation effects (1-3), their average, and a ran-
domly-oriented granular (710-1000 µm) Fo68 olivine [7].


