
Figure 1: The TIR emissivity spectra of CM2 LON 94101, moder-
ately heated CM EET 96029, intensely heated CM PCA 02012, 

and intensely heated CYs Y 86720 and B 7904. Meteorite spectra 

have been resampled using the MARA filter parameters, in order to 
see what different surface compositions on Ryugu would look like 

when observed with the MARA instrument. 
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Introduction: The thermal infrared spectral range 

(TIR; ~5 – 50 µm) contains a number of diagnostic 

features of rock forming minerals, and is becoming an 

increasingly important tool for understanding the min-

eralogy and alteration history of asteroids. The Spitzer 

Space Telescope Infrared Spectrograph (IRS; [1]) and 

the Akari Infrared Astronomy satellite [2] have both 

observed asteroids in the TIR range, and the James 

Webb Space Telescope (JWST; [3]) will be able to 

observe asteroids in the TIR with greater sensitivity 

[4]. The OSIRIS-REx spacecraft is characterizing as-

teroid Bennu using the OSIRIS-REx Thermal Emis-

sion Spectrometer (OTES, ~5.5-50 µm; [5]), and the 

upcoming Lucy mission to the Jupiter Trojan asteroids 

will carry a similar instrument, the Lucy Thermal 

Emission Spectrometer (L’TES). Additionally, the 

Hayabusa2 Mobile Asteroid Scout (MASCOT) had a 

radiometer (MARA; [6]), with a series of channels 

covering some of the TIR range, to investigate 

Ryugu’s surface. 

Interpreting these remotely sensed spectra requires 

measurements of appropriate meteorite analogues 

across the same wavelength ranges. Complications can 

arise in these comparisons as spectral signatures in the 

TIR range are affected by a number of factors, includ-

ing porosity, particle size, and environmental condi-

tions [7, 8]. Nevertheless, first order comparisons be-

tween laboratory and remote measurements can be 

used to identify potential meteorite analogues for fur-

ther investigation. Here we use TIR emissivity spectra 

of aqueously and thermally altered CM and CY chon-

drites to show how MARA observations could inter-

pret the complex history of materials on Ryugu’s sur-

face. We also demonstrate the similarity of the TIR 

emissivity spectra of the CY meteorites with Jupiter 

Trojan asteroid and comet spectra.  

MARA observations of Ryugu: Analysis of the 

near-IR spectra of Ryugu has suggested a surface 

composed of thermally metamorphosed CM or CY 

chondrite-like material [9, 10]. One way to investigate 

this relationship is to look at data from MARA, which 

whilst measuring the surface temperature of Ryugu, 

also collected emissivity measurements in selected 

wavelength channels: 5-7, 8-9.5, 9.5-11.5 and 13.5-

15.5 µm [6]. 

Figure 1 shows the emissivity spectra of some un-

heated and dehydrated CM and CY [10] chondrites 

collected under simulated asteroid environment (SAE) 

conditions [e.g. 8], re-sampled to the MARA spectral 

channels. The SAE conditions were achieved by col-

lecting spectra in an environment chamber where at-

mospheric gases were removed (pressure < 10
-4

 mbar), 

the interior was cooled to <-150 
o
C, and samples were 

heated from above and below until the maximum 

brightness temperature was ~75 
o
C [8]. For re-

sampling, each calibrated emissivity was multiplied by 

the transmission of each filter [6], and then averaged 

across the wavelength range of each filter. Measure-

ments were collected on powders with particle sizes 

<35 µm, therefore these observations will help inter-

pret measurements of Ryugu in areas spectrally domi-

nated by fines.  

The spectra show little difference between unheat-

ed CM (LON 94101), moderately dehydrated CM 

(EET 96029) and intensely heated CY material (Y 

86720 and B 7904). However, the intensely heated CM 

(PCA 02012) looks distinct in the first filter, where its 

spectra shows a lower emissivity. Based on the radio-

metric performance quoted in Grott et al. [11], MARA 

observations should be able to discriminate this differ-

ence in emissivity. 

PCA 02012 is composed of ~20 vol% primary, Fo# 

100-90 olivine, and ~30 vol% secondary, more Fe-rich 

olivine (Fo#60-70). Its lower emissivity in the 5.5-7 

µm region is consistent with previous measurements of 

Mg-rich olivine [12] suggesting MARA spectra may 

be able to identify regions of Mg-rich olivine and pro-
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Figure 2: The TIR emissivity spectra of comet 10P/Tempel2 [11], 

the Jupiter Trojan Asteroids 624 Hektor and 911 Agamemnon [12], 
the CY chondrites Y 86720 and B 7904, and CM chondrites LON 

94101, EET 96029 and PCA 02012. Meteorite spectra are scaled 

by a factor of five for comparison. Features of interest are noted, 

and gaps in the data near 16.7 m are due to a low transmission 

through the FTIR beam-splitter.  

vide additional constraints on likely analogues for 

Ryugu’s surface.  

TIR spectra of Trojan asteroids and comets: 

Spectral similarities have been found between Jupiter 

Trojan asteroids and comet nuclei, notably asteroids 

and comets that are classified as D-type [13]. Spectra 

of both show a 10 µm emissivity ‘plateau’, (Fig. 2) as 

well as emissivity peaks near 19 and 23 µm, and emis-

sivity minima near 15 µm [13, 14]. The similarity in 

the Trojan and comet nuclei spectra suggest similar 

surface compositions and physical properties, for ex-

ample the under-dense ‘fairy-castle’ surface structure 

as a possible explanation for the plateau [14].   

Figure 2 shows that the TIR spectra of aqueously 

and thermally altered CY chondrites (e.g., B 7904 and 

Y 86720 [10]), collected under ambient conditions [8],  

are similar to those of the Trojans and comet nuclei. 

The spectra of aqueously and thermally altered CM 

chondrites, also shown in Figure 2, do not provide a 

good spectral match. All measurements were collected 

in a chamber which is held at ambient pressure (~1000 

mbar N2) and temperature (~28 
o
C), whilst the sample 

is heated from below to 80 
o
C [8]. Samples were pow-

dered to a particle size of <35 µm, which results in the 

transparency feature near 12.5 µm.  

 The CY chondrite spectra show a similar ‘plateau’ 

to the Trojan and comet nuclei spectra, as well as addi-

tional similar features near 15, 19 and 23 µm (Fig. 2). 

The peaks near 19 and 23 µm are caused by the fun-

damental bending vibrations associated with olivine. In 

the CY chondrites, these features are attributed to 

Fo#50-70 olivine [15], which recrystallized from a 

dehydrated phyllosilicate phase during heating to >700 
o
C [10]. This  suggests that  Fe-rich olivine may be 

present on the Trojans and comets. The plateau feature 

in the CY spectra is similarly caused by stretching vi-

brations of recrystallized olivine and dehydrated phyl-

losilicates. We see this plateau shape without the sam-

ples being in an under-dense environment, suggesting 

its presence in the Trojan spectra may be a result of 

mineralogy and not thermophysical properties. 

Vernazza et al. [16] suggested the surface composition 

of some D-type asteroids is similar to anhydrous inter-

planetary dust particles (IDPs). However, their similar-

ity with the CY spectra might suggest an alternate 

mineralogy and therefore processing history for these 

asteroids. Morbidelli et al. [17] suggested that Trojan 

asteroids may have experienced heating during a peri-

od of orbital migration, giving a mechanism for ther-

mal processing of these bodies. In order to fully ex-

plore the potential of this spectral relationship, meas-

urements of the CY meteorites under the appropriate 

near-surface Trojan and comet conditions are needed. 

Conclusions: Here we demonstrate how TIR lab 

measurements of the appropriate analogues can help 

interpret remote observations. We show what MARA 

observations of Ryugu might look like if the surface 

has some dehydrated CM or CY-like material, and we 

also demonstrate the similarities between Jupiter Tro-

jans and comet nuclei and CY spectra. This spectral 

similarity could help constrain some of the mineralogy 

and processing histories of small bodies in the outer 

solar system.  
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