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Reflectance Spectra of Meteorites Introduction  

(left) Schematic of experimental set-up showing positions of FTIR and external 
detectors.  (right) Sample in place in holder. The powdered sample is held in the copper 
holder with a MgF2 window. The reflectance reference standard is below the sample 
and, being powdered UV-grade MgF2 material, is also held in place with a  MgF2 window.  

Conclusions & Future Work 

We continue to investigate the adsorption of CO2 by 
carbonaceous meteorites expanding upon our preliminary 
work [1]. Because CO2 has been detected in surfaces of 
airless bodies too warm to exist as ice, it has been postulated 
to be held by structural trapping, physisorption, or 
chemisorption [2]. By investigating the adsorption of CO2 
onto carbonaceous chondrite meteorite material, material 
thought to reflect regions of the primordial solar nebula that 
did not undergo significant heating (>200 C) [6], the goal is to 
understand the potential adsorption processes of CO2 by 
non-ice materials on asteroid, comets, and the icy and the 
irregular satellites orbiting Jupiter and Saturn.  
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Sample holder 

Procedures 

(above) Average spectra of nine meteorite samples after dosing with CO2.   All were class 
CM2 excluding Ivuna (CI), QUE 99038 (CV2), and Bells (C2 unassigned).  Note: the hydration 
state (~ 3-micron band) varies dramatically between meteorite as does the amount of CO2 
adsorption ( ~ 4.26 micron band). 
(below) Same set of spectra. 

(above left) Trend of CO2 absorption band depth and shape trend with time after dosing for Bells (top) 
which remained largely constant with depth and spectrally invariant,  and for Ivuna whose band depth 
increased and shifted after dosing stopped. The presence of the 13CO2 band near 4.37 microns is 
indicative of large amounts of CO2, however, the characteristics of the 4.26-micron band is consistent 
with adsorbed CO2 (is wider) than CO2 ice.  
  
(above right) The CO2 band positions for the average meteorite value range between 4.26-4.28 μm. The 
meteorites with greater CO2 adsorption fall towards the lower wavelengths (Ivuna being an exception), 
indicative of a larger number of adsorption sites. 
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1. Approx. 100 mg of meteorite powder is placed in the 
sample holder (see figures to right).  

2. Sample holder and sample are attached to the end of a 
cryostat in a vacuum system. 

3. Chamber is evacuated to ~ 1E-7 or lower, and usually the 
system is heated to ~ 80oC overnight.  

4. System is then cooled and sample holder is heated to 475 
K for 4 to 6 hours to desiccate.  

5. Sample is then cooled to 150 K via liquid nitrogen. 

6. CO2 is dosed directly onto the sample via a 1/4” tube from 
an external gas supply to a vacuum fitting on the sample 
holder.  

7. Spectra are obtained at 150 K before dosing, during 
dosing, and after dosing at 150 K.  

8. Spectra are obtained at 150K until all CO2 is desorbed or 
until ~ 14 hours after dosing.  

CO2 adsorbs onto ground carbonaceous meteorite matrix.  The lack of 
correlation with water abundance suggests the CO2 does not complex 
with water or OH to form a carbonate complex, but rather adsorbs 
onto the meteorite material.  
Ivuna, a CI chondrite, is unique in that its matrix material is 
dominated by complex clay minerals; these clays, with high 
microporosity and many available charge compensating cations may 
explain its particularly strong affinity for CO2 [1].   
The CV chondrite, QUE 99038 adsorbed 10% more CO2 than the 
average CM2 chondrite adsorption. CV chondrite parent bodies are 
suspected to be the K type inner belt asteroids [12]. These asteroids 
are found ~2.2 AU from the sun and have been exposed to 
temperatures ranging from 675-875 K. It may be postulated that early 
solar system CO2 transport was not only limited to carbonaceous or 
outer main belt asteroids but to the main and inner asteroid belt as 
well. 

(above) CO2 adsorption/desorption was observed over the span of 6-17 hours, with 
the sample maintained at 150K. Ivuna continued adsorbing (possibly CO2 
outgassed from the cryostat) the entire time. QUE 99038 reached a maximum 
band depth near the 4 hour mark and very slowly began to outgas but still retained 
more  CO2 than the other meteorites  

1. CO2 adsorbs onto carbonaceous meteorite matrix materials at 150K. 
2. The amount of CO2 adsorbing varies between meteorites, though all meteorites but 

Cold Bokkeveld, LAP 02277, and MET 00639 showed some CO2 adsorption. 
3. There is a weak trend in CO2 adsorption with meteorite class. 
4. CO2 band position generally shifts to longer wavelengths for deeper CO2 bands (infer 

greater CO2 abundance) implying those meteorites have more adsorption sites.  
5. Ivuna (the only CI) adsorbs significantly more CO2, and more strongly, than the other 

samples. 
6. CO2 adsorption trends with Fe3+ concentration and silicate fraction; and trends 

inversely with several factors, most notably, Fe2+. 

Amount of CO2 over time after dosing 
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Correlations and inverse correlations between CO2 abundance and composition 

(far left)  Inverse trend between composition and 
CO2 adsorption, notably with Fe2+. 
 
(left)  Correlation between composition of 
adsorption of CO2, notably with Fe3+ and silica 
content. 
 
Trends tend to diminish for CM meteorites. 
 
No trend in falls versus finds. Falls include Ivuna, 
QUE 99038, and Cold Bokkeveld.  
 
A high Mineral alteration index (MAI) correlates 
with no CO2 adsorption (Cold Bokkeveld, LAP 
02277, and MET 00639). 
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Results 


