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Introduction: In order to derive the best way to distinguish the types of carbonaceous chondrite
(CC) regoliths and rocks on their parent bodies, we have recently expanded our previous study [1] to
include CC chips in the US collection [2], and their data are analyzed in more details in this study.

Experimental Data: Plotted in Figs. 1 are previously compiled or measured reflectance spectra of
relatively fresh CC fine powders (<100 or <125 m) and chip samples [1, 2]. Each spectrum consists of
a bidirectional spectrum measured at 30 incidence and 0 emergence angles in ambient air and a
biconical FT-IR spectrum measured in dry air, combined at around 2.5 m in wavelength.

Application to Hayabusa2: Hayabusa2 spacecraft has two onboard instruments, Optical Navigation
Camera - Telescopic (ONC-T) and Near-InfraRed Spectrometer (NIRS3) whose data can help interpreting
the composition of the target C-type asteroid 162173 Ryugu. All the spectra in Fig. 1 were resampled
to simulate ONC-T and NIRS3 data according to their wavelength positions and resolutions. Then,
natural logarithm of each spectrum was taken and shifted to 0 at 550 nm for ONC-T or at 2648 nm for
NIRS3, on which Principal Component Analysis (PCA) was performed.

Fig. 1. Reflectance spectra of fresh CC fine powders (RELAB database) and chips (NIPR & US collections).

Fig. 2. PCA results of simulated 6 ONC-T band shifted
natural log reflectance spectra of CCs in Fig. 1

Fig. 3. PCA results of simulated 80 NIRS3 band shifted
natural log reflectance spectra of CCs in Fig. 1.

Fig. 4. PCA results using natural log reflectance data of only 4 ONC-T bands at 390, 550, 700, and 860 nm or 3 NIRS3
bands at 2648, 2720, and 2950 nm.

Discussion: Adsorbed (telluric) water, which is not likely
to exist on a small near-Earth asteroid such as Ryugu, may
have systematic effects on these NIRS3 results. On the
other hand, ONC-T spectra may suffer the effects of space
weathering more severely than NIRS3 spectra [3].

Summary: Combined use of PCA results on 4 bands of
ONC-T and 3 bands of NIRS3 onboard Hayabusa2 may allow
distinguishing up to 8 groups of CC types: CI, CM, CR, CH,
dehydrated C1/2, CV/CO/CK, unusual C2, and Tagish Lake. References: [1] Hiroi T. et al. (2016) LPS XLVII, Abstract #1084. [2] Hiroi T. et al. (2016)

Symp. Polar Sci. 7, Abstract #43. [3] Matsuoka M. et al. (2015) Icarus 254, 135.
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Results and Interpretation: Plotted in Figs. 2 and 3 are PCA results of the shifted natural log
reflectance data of simulated 6 ONC-T and 80 NIRS3 bands.

The ONC-T result in Fig. 2 indicates that Principal Components (PCs) 1, 2, and 3 represent UV
absorption & redness, UV absorption & blueness, and a 700 nm absorption band, respectively.
Therefore, only 4 ONC-T bands of 390, 550, 700, and 860 nm may suffice. On the other hand, the NIRS3
result in Fig. 3 indicates that PCs 1, 2, and 3 represent a 2950 nm adsorbed water band, a weak 2720 nm
band & blueness, and a strong 2720 nm band and redness. Therefore, only 3 NIRS3 bands of 2648, 2720,
and 2950 nm may suffice.

Shown in Fig. 4 are results of using only 4 ONC-T or 3 NIRS3 bands. Using 4 ONC-T bands, CI, CM, CR,
CH, and Tagish Lake are separated while dehydrated C1/2, unusual C2, and CV/CO/CK are partially over-
lapped. Using 3 NIRS3 bands in addition allows separating unusual C2.


