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Introduction:  JAXA’s Hayabusa2 asteroid sample 

return mission targeted the carbonaceous (C-type) 
asteroid 162173 Ryugu. The Hayabusa2 spacecraft 
collected samples from two touchdown sites on Ryugu 
and returned them to Earth on December 6, 2020, six 
years after launch. Since then, the goal of the Insoluble 
Organic Macromolecule Initial Analysis Team is to 
elucidate the distributions and chemical characteristics 
of macromolecular organic materials in a C-type 
asteroid [1]. Here, we report on micro-FTIR 
measurements on Hayabusa2 samples in comparison to 
a series of primitive carbonaceous chondrites. Spectra 
were collected under secondary vacuum (~10-6 mbar) 
and gentle heating in order to remove terrestrial 
adsorbed water, thereby allowing a future comparison 
with reflectance spectra of the surface collected by the 
spacecraft.  

Samples and methods:  We have investigated 
micrometric fragments (~80 µm) sampled from intact 
mm-sized particles from chamber A (A108-6, A108-10, 
A108-18) and chamber C (C109-12, C109-5, C109-9), 
which were collected during the first and second 
touchdown operations, respectively.. For comparison, 
additional measurements were performed on matrix 
fragments from the following carbonaceous chondrites: 
Orgueil (CI), Murchison (CM), Dominion Range 
(DOM) 08003 (CM), Meteorite Hills (MET) 01070 
(CM) and Tarda (C2-ung). Spectra were collected with 
a Bruker HYPERION 3000 micro-FTIR spectrometer, 
operating with a x15 objective and a MCT-detector 
cooled with liquid nitrogen. The typical size of the 
infrared spot was ~ 50 x 50 µm2, the spectral range was 
4000-600 cm-1 and the spectral resolution was 4 cm-1. 
Fragments were crushed between two diamond 
windows, which were subsequently placed in an 
environmental cell that maintained a secondary vacuum 
(~10-6 mbar). The temperature was set to remove most 
of terrestrial water, by collecting series of spectra over 
time. 

Results and Discussion:  
A rapid (~5-10 min) disappearance of terrestrial 

water was observed upon gentle heating (typically 

between 80 and 130°C) under secondary vacuum 
together with a rise in the intensity of the aliphatic peaks 
between 2800-3000 cm-1, presumably due to tight 
interactions between molecular water and aliphatic 
groups [2]. This effect was particularly significant for 
the Ryugu samples and Orgueil CI chondrite, but was 
weaker for CM chondrites. 

Spectra obtained on the Ryugu samples are 
systematically dominated by the Si-O and OH stretching 
modes of phyllosilicates (at 1010 and 3687 cm-1, 
respectively) (Fig. 1). These features match remarkably 
with those observed in Orgueil spectra. In contrast, the 
SiO band is substantially different from that in CM 
chondrites, whose matrix is dominated by proto-
serpentines, while Orgueil consists of an intermixing of 
saponite and serpentine at the nm-scale. The position of 
the OH band points to Mg-rich phyllosilicates.  

 
Fig 1: Spectra of the intact Ryugu grains from Chambers A 
and C, compared to the Orgueil chondrite. Aliphatic, carbonyl 
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C=O and aromatic C=C groups are identified, along with 
signatures of minerals as Mg-rich phyllosilicates and 
carbonates. 

Some faint features, at 1260, 1290 and 1306 cm-1, 
were systematically observed in the intact Ryugu 
samples. Their carrier is not elucidated yet, but 
interestingly they are also observed in Orgueil, but not 
in the considered CM chondrites.  Spectral signatures of 
carbonates were also observed. No sulfate nor 
ferrihydrite were detected, consistently with the 
extremely low degree of terrestrial weathering 
experienced by the Hayabusa2 samples. Altogether, 
these spectral similarities suggest a strong genetic link 
with CI chondrites. 

The aliphatic peaks in the range 2800-3000 cm-1 is 
ubiquitous in the Ryugu samples. This feature is 
controlled by the symmetric and anti-symmetric 
stretching modes of CH, CH2 and CH3 groups, plus the 
contribution of complex Fermi resonances [3]. At lower 
wavenumbers, we observe the C=O stretching band at ~ 
1700 cm-1, and the bending modes of CH2 and CH3 at 
1450 and 1380 cm-1. These features are however more 
variable among the Ryugu fragments than the aliphatic 
massif. This partly results from the contribution of the 
carbonate n3 mode (~ 1450 cm-1) or the n2 bending mode 
of molecular water (~ 1650 cm-1), but at least in the case 
of the C=O band there is a clear spatial heterogeneity 
among the Ryugu fragments. 

A semi-quantitative estimation of the aliphatic 
groups abundance was done by calculating the 
integrated absorbance of the aliphatic peaks divided by 
the integrated absorbance of the SiO band (Fig. 2 top). 
The fragments from intact samples from Chamber A, in 
particular A108-6, show a higher aliphatic abundance 
than fragments from Chamber C and carbonaceous 
chondrites. We have also calculated the ratio of the peak 
intensities of the spectral component due to CH2 (2927 
cm-1) and CH3 (2960 cm-1) (Fig. 2 bottom). The values 
obtained on the Ryugu intact samples and on chondritic 
matrix range between 1.3 and 2.2. This is higher than 
values measured on Insoluble Organic Matter (IOM) 
extracted from unheated chondrites and other Ryugu 
samples (~2.9) [4,5]. Overall, the presence of these 
organic features excludes extensive long duration 
radiogenic heating or intense TIII/TIV short duration 
heating (see [7] for the heating scale definition). 
However, Tarda is a TII chondrite having experienced a 
moderate short-duration heating [6]. Therefore, a low 
degree of short-duration heating cannot be excluded 
based solely on IR data. However, the Raman analysis 
performed on the same Hayabusa2 samples point to the 
lack of short-duration metamorphism [6]. In this case, it 
would mean that the organic features in IR spectra 

results from the contribution of both Insoluble and 
Soluble Organic Matter. 

More data need to be collected to get a larger 
statistics. Present differences between Chamber A and 
Chamber C samples may simply reflect heterogeneity 
that is not correlated with the sampling locations at the 
surface of the asteroid. Future extraction of IOM on 
small individual grains (< 200 µm) of Ryugu will help 
better constrain the IOM composition and its variability 
across samples, and solve the intriguing CH2/CH3 ratio 
in IOMs already extracted. 
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Fig2: Top: estimate of the aliphatic abundance normalized to 
the SiO stretching mode. C109-12 grains are in the same range 
as carbonaceous chondrites, while samples from the A108-6 
display an abundance x2.5 higher. Bottom: CH2 to CH3 peak 
intensities ratio. Ratios from Hayabusa2 samples are 
comparable to those measured in carbonaceous chondrites 
matrix, and are higher than values of IOM extracted from 
unheated carbonaceous chondrites. 
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