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Introduction: The Near-infrared Spectrometer
(NIRS3) onboard the Hayabusa2 spacecraft obtained
NIR reflectance spectra of C-type asteroid 162173
Ryugu at an altitude of <20 km from the asteroid’s sur-
face. After asteroid arrival, Ryugu was observed glob-
ally by NIRS3 on 11 and 19 July 2018 with spatial res-
olution of ~40 and ~20 m, respectively. During recent
observations at a longer solar distance, we successfully
obtained Ryugu’s NIR spectrawith less thermal effects.
A 2.7-um OH stretching absorption is consistently pre-
sent in NIRS3 data. In this study we compared Ryugu
spectrawith those of carbonaceous chondrite meteorites,
primarily from the NASA RELAB database, to further
understand the origin of Ryugu’s spectral properties and
potential links to composition and geologic processes.

Instrument: NIRS3 is composed of two component
units: the spectrometric unit (NIRS3-S) and the analog
electric unit (NIRS3-AE) connected with a harness ca-
ble (NIRS3-HNS). A 128-channel indium arsenide
(InAs) photodiode sensoris installed in the spectromet-
ric unit and cooled to 193 K (80 °C) using a passive
radiator. The detectable wavelength range of NIRS3 is
1.8-3.2 um and spectral sampling resolution is 18 nm.

Results and discussion: Nearly all NIR reflectance
spectraof Ryugu’s surface exhibit very low reflectance
values (less than 2% at 2.0 um), a slightly red slope, and
a narrow absorption feature centered at 2.72 pm with a
band depth value of ~10%. A comparison between spec-
tra of C chondrites and those of Ryugu shows that no
chondritic reflectance spectrum is an ideal match to
Ryugu at all wavelengths. However, spectra of several
types of C chondrites exhibit important similarities: (1)
moderately heated and dehydrated C chondrites [1-3],
and (2) C chondrites having experienced impact and
compression, such as the shocked carbonaceous chon-
drite Meteorite Hills (MET) 00639 CM2 [4].
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Fig. 1. Reflectance values at 2.0 um compared with ab-
sorption band strength at 2.72 um for the average Ryugu
spectrum (at 5-7 km altitude) and various meteorite
spectra from the NASA RELAB database.

The Ivuna Cl meteorite has the closestalbedo value
to that of Ryugu (Fig. 1). Previously acquired spectra
of an lvuna sample heated to >500 °C [1] exhibit an in-
crease in albedo that no longer matches the values ob-
served for Ryugu. However, band depth values of the
OH feature for moderately heated Ivuna samples are
similar to that of Ryugu, Spectra of the shocked chon-
drite MET 00639, especially powdered versions, also
exhibit Ryugu-like spectral properties including low-
reflectance (~2.5%) and a weak, narrow OH absorption
centered at2.72 pm.

Several processes can contribute to the low albedo
of Ryugu’s surface, including (a) carbon-rich compo-
nents [e.g., 56] (e.g., the organic-rich C chondrite
Tagish Lake is spectrally dark), (b) physical properties
such as grain size and porosity [e.g., 7] (larger grain size
and/orincreased porosity make spectra darker and bluer,



50th Lunar and Planetary Science Conference 2019 (LPI Contrib. No. 2132)

(c) space weathering effects: laboratory experiments
simulating space weathering processes on C-type aster-
oids, such as solar-wind implantation [8,9], UV irradia-
tion [10], and micrometeoroid bombardments [11,12],
can reproduce the darker yet hydrous spectrum of
Ryugu. Spectra of chondrites that have been moderately
heated on their parent bodies are also relatively dark and
similar to Ryugu’s albedo, but their 3-um band is
broader and deeper than that of Ryugu [13].
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Fig. 2. Y-86720 spectrameasured at different tempera-
tures up to 400 °C undervacuum condition.

For lab spectraof C chondrites, the influences of ter-
restrial water and hydrous alteration phases formed on
Earth must be considered when interpreting the signifi-
cance of features in the ~3 pm wavelength region. Fig-
ure 2 shows the spectral change of meteorite Yamato
(Y) 86720 during in-situ heating at 120-400 °C. Y-
86720 is classified as heating stage (HS) IV, which was
strongly heated (estimated over 750 °C) and completely
dehydrated on its parent body [14,15]. The strong 3-um
band observed in this meteorite is presumably due to
terrestrial water, and this feature becomes weaker but is
still present upto 400 °C. Gaussian fitting of the spectra
reveal that Y-86720 may contain H20 absorption bands
in additional to a structural O-H band at 2.75 pum (Fig.
3). Gaussian fits to the Y-86720 spectrum have similar
wavelength positions to those of moderately heated Y
982086 and unheated Murchison. It indicates that rehy-
drated water, which possibly has relatively strong bonds
with tetrahedral-octahedral (T-O) layer of sheet silicates
would be bonded strongly and difficult to remove com-
pletely. Future work will focus on acquiring meteorite
spectrawith minimal terrestrial water, either experimen-
tally or via numerical modeling. In addition, we plan to
compare other NIR reflectance spectra of asteroids,
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Fig. 3. Gaussian fitting of the 3-um band of Y-86720
spectrummeasured during 400 °C heating.

such as those acquired by AKARI [16], to better inter-
pret remotely sensed data of Ryugu and Bennu
(NASA’s OSIRIS-REx mission target).

Summary: Near-IR spectra of Ryugu exhibit a
weak 2.72-um absorption band that is present across the
surface of the asteroid. The albedo values of Ryugu’s
surface are nearly always darker than values typical for
C chondrite meteorites. The meteorites whose spectral
features are most similar to Ryugu are shocked or heated
carbonaceous chondrites. Future NIRS3 observations
before/after the Small Carry-on Impactor (SCI) crater
experiment and lab analyses ofreturned samples will re-
veal additional compositional properties of Ryugu.
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