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Introduction 
 
• Thermal infrared spectral range (TIR; ~5-50 

µm) is an important tool for understanding 
the mineralogy and alteration history of 
asteroids. 
 

• Interpreting TIR spectra of asteroids requires 
measurements of meteorite analogues 
across the same wavelength range and 
under similar near surface conditions. 
 

• TIR emissivity spectra of aqueously and 
thermally altered CM and CY chondrites are 
used to interpret data from Hayabusa2’s 
target asteroid Ryugu and Spitzer 
observations of Jupiter Trojan asteroids. 

The MASCOT Radiometer 
 
• The MASCOT radiometer (MARA)  measured the temperature and thermal properties of Ryugu’s 

surface. It also collected emissivity measurements in selected wavelength filters: 5-7, 8-9.5, 9.5-11.5 
and 13.5-15.5 µm [6, Fig. 1]. 
 

• For comparison to MARA data, meteorite spectra collected under SAE conditions (Figs. 2 – 5), were 
first multiplied by the transmission, and then averaged across the wavelength range, of each MARA 
filter (Fig. 6) 

Spectral measurements of aqueously and thermally altered CM and CY chondrites 
 
• TIR emissivity spectra were collected for five meteorites that experienced a range of 

aqueous and thermal conditions: B 7904 (CY2, >700 oC [1]), Y 86720  (CY2, >700 oC [1]), 
LON 94101 (CM2, <150oC [2]), EET 96029 (CM2, 400-600 oC [3]) and PCA 02012 (CM2, 
>700 oC [4]). 
 

• All samples were powdered to a grain size of <35 µm, so results are applicable to asteroid 
data where the spectral signature is dominated by fines.  
 

• Measurements were made under both simulated asteroid environment (SAE) and 
ambient conditions [5].  
o Ambient: the chamber is held at ambient pressure (~1000 mbar N2) and temperature 

(~28 oC) whilst the sample is heated from below to 80oC.  
o SAE: the chamber is under vacuum (<10-4 mbar), and its interior is cooled to <-150 

oC. The samples are heated from above and below so the maximum brightness 
temperature of the sample is ~75 oC.  

Figure 1 (above right): The wavelength ranges and transmissions for the MARA filters, from [1].  

A relationship between Ryugu and aqueously 
and thermally altered carbonaceous 
chondrites? 
 
• Analysis of the near-IR specrtra of Ryugu 

has suggested a surface composed of 
thermally metamorphosed CM or CY-like 
material. 
 

• Resampled spectra show little difference 
between most CM and CY material, 
except the intensely dehydrated CM PCA 
02012, which shows a lower emissivity in 
the first filter (Fig. 3). This lower 
emissivity is consistent with previous 
measurements of Mg-rich olivine, which 
makes up ~20 vol% of PCA 02012. 
 

• Based on the radiometric performance 
quoted in Grott et al. [7], we suggest that 
MARA should be able to identify regions 
of Mg-rich olivine on the surface of 
Ryugu. 

Figure 5 

TIR spectra of Jupiter Trojans and Comets 
 
• Both comet nuclei and Trojan spectra show a10 

µm emissivity ‘plateau’, a minima near 15 µm 
and maxima near 19 and 23 µm (Fig. 7).  
 

• Attributed to similar surface compositions and 
physical properties, such as an under-dense 
‘fairy-castle’ surface structure [8, 9]. 

Figure 4 (below left): TIR emissivity spectra of comet 10P/Tempel2 
[9], Trojan asteroids 624 Hektor and 911 Agamemnon [8], and 
ambient TIR spectra of B 7904, Y 86720, LON 94101, EET 96029 
and PCA 02012. Meteorite spectra are scaled by a factor of five 
and offset. The gap at 16.7 µm is due to low tranmission through 
the FTIR beamsplitter.  
 
Figures 5(a)-5(b) (below right): Ambient TIR spectra of B 7904 and 
Y 86720. CF: Christiansen feature, TF: transparency feature, VB: 
vibrational bands and Fo#: forsterite number.  

TIR emissivity spectra of CY chondrites 
 
• The ambient spectra of B 7904 and Y 86720 show similar features to the remote 

comet nuclei and Trojan spectra, including a 10 µm plateau, and features near 15, 
19 and 23 µm (Fig. 7).  
 

• We attribute these features to the fundamental vibrations of Fo#~60 olivine [10]. 
 

• Fo#60 olivine seems to provide a better ‘plateau’ feature than Fo#100 olivine, 
shown by the different shapes of features in B 7904 and Y 86720. 
 

• Fo#60 olivine on the surfaces of these bodies could suggest dehydration, which 
supports models of orbital migration of Trojans [11], and previous conclusions that 
the surfaces of Trojans are anhydrous [12].  

 
• This shows the presence of the plateau in the asteroid and cometary remote data 

could be a result of mineralogy, and not thermophysical properties (i.e., highly 
porous or fairy-castle structure).. 

Conclusions and Implications 
 
• MARA data should be able to identify anhydrous, Mg-rich olivine on Ryugu, however only in areas dominated by fine grained material.  

 
• Compositional rather than thermophysical properties can explain the 10 µm ‘plateau’ in emissivity spectra. 

 
• The surfaces of Jupiter Trojans and comet nuclei might be dominated by Fe-rich olivine, which could be produced through thermal alteration.  
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Figures 2 (a)-2© (above): SAE TIR spectra of aqueously and thermally metamorphosed CM and CY chondrites. 
Figure 3 (below): Resampled TIR emissivity measurements of aqueously and thermally metamorphosed CM and CY 
chondrites according to MARA filter wavelength ranges and transmissions.  
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