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INTRODUCTION: The spacecraft Hayabusa2 
brought back the surface and sub-surface materials from 
the C-type near-Earth asteroid (162173) Ryugu [1]. The 
Ryugu samples were allocated to the volatile sub-team, 
which is one of the Hayabusa2 initial analysis sub-teams 
[2]. As part of the volatile team’s studies, we conducted 
combination analyses of the neutron-irradiated Ryugu 
samples to determine the abundances of minor/trace ele-
ments by Instrumental Neutron Activation Analysis 
(INAA), Ar-Ar and I-Xe ages, and the halogen abun-
dances. Prior to the neutron-irradiation, Fouri-
er-Transform Infrared (FT-IR) spectroscopy, 
Field-Emission Scanning Electron Microscope (FE-SEM) 
observation, and Secondary Ion Mass Spectrometry 
(SIMS) analysis were carried out [3]. Measurements of 
the native volatile compositions such as noble gas and 
nitrogen isotopes were also carried out using different 
grains of the Ryugu samples [4, 5]. These analytical re-
sults provided important information about the evolution 
history of the primitive bodies in the early solar system. 

EXPERIMENTS:  In advance of the Hayabusa2 sam-
ple analyses, the rehearsal was conducted in July 2021 
using meteorite samples (Allende, Murchison, Bjurböle, 
and Shallowater) and our standard samples (JB-1, 
BHVO-2, DTS-2b, MMhb1, orthoclase, and wollastonite). 
For short-lived nuclide measurements, NaCl and CaCO3 
standards were also prepared. Each of the samples was 
encapsulated in diamond dishes sealed with polyester 
tape. The samples in the diamond dishes were first sub-
jected to the Pn3 irradiation for gamma ray measure-
ments of short-lived nuclide measurement (project #: 
R3038, PI: N.S.). Prior to the Hydro irradiation, the pol-
yester tapes were removed from the diamond dishes. 
Each of the diamond dishes was wrapped with pure alu-
minum foil and encapsulated in the Hydro irradiation 
capsules for long-live nuclide measurement and conver-
sion of halogens and potassium to noble gases (project #: 
R3127, PI: Y.N.M.). 
In June 2021, the Hayabusa2 samples (typically 0.8 
mm-sized individual grains) were allocated to the volatile
sub-team. Each of them was pressed onto pure Cu disks
and pelletized. The pelletized samples were studied by
the FT-IR, FE-SEM, and SIMS analyses prior to the
INAA and noble gas analyses. After the SIMS analysis,
each of the pelletized samples was removed from the Cu
disks to collect in the diamond disk containers. Each of

the samples in the diamond container was measured for 
short-lived nuclides (project #: R3038, PI: N.S.), and then 
subjected to the Hydro irradiation (project #: R3121, PI: 
N.I.). As in the rehearsal, the meteorite samples and the
standard samples were also analyzed in the same way as
the Hayabusa2 samples.

REUSLTS and DISCUSSION:  In the rehearsal, 
short-lived nuclides (24Na, 27Mg, 28Al, 38Cl, 49Ca, 51Ti, 
52V and 56Mn) were determined for Allende and Murchi-
son samples by gamma-ray measurements. Noble gas 
isotopes were measured for the mineral standard samples. 
These results of the rehearsal confirmed the validity of 
our measurement procedures. 
The Hayabusa2 samples were irradiated in the Hydro 
irradiation term of Oct. 2021. One month later, the irradi-
ated samples were removed from the irradiation capsule, 
and it was found that the irradiation capsule had been 
flooded by reactor cooling water during the irradiation. 
The Al foils that wrapped the sample-containing disks 
became gray, cloudy and hardened (Fig. 1). The samples 
were carefully recovered from the disks, and long-lived 
nuclides (46Sc, 51Cr, 58Co, 59Fe, 60Co, 65Zn, 75Se, 152Eu and 
192Ir) were measured. 
After the gamma ray measurements, only small amounts 
of the samples were transferred to Kyushu Univ., enough 
to ensure that no radioactivity was detected. The effects 
of alteration due to the exposure to water are being eval-
uated based on the noble gas compositions of the stand-
ard and meteorite samples. 

Fig. 1. Recovered diamond dishes after the Hydro irradi-
ation. 
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INTRODUCTION: The Canadian Shield has the oldest 
rocks; Acasta gneiss in the Northwest territory, and or-
thogneiss in the Saglek Block in the Labrador; both 
showing U-Pb age of c.a. 4.0 Ga [1]. We have already 
reported 40Ar/39Ar age results on zircons and potassic 
minerals [2]. Acasta gneiss results are consistent among 
all the minerals, giving 1.9-2.0 Ga ages of Wopmay oro-
gen, whereas only Labrador zircon showed ages older 
than 4.0 Ga. Recent study [3] indicated that the part of 
Greenland possibly belonged to Rae Province which rec-
orded c.a. 1.9 Ga event. These results suggest that the 
Labrador zircon somehow might have preserved the 4.0 
Ga age. Zircon does not contain potassium, but it nor-
maly has many little inclusions. The age might originate 
from these inclusions with some potassium. We analyzed 
the gas release pattern of the Labrador and Acasta zircons, 
and compared the diffusion characteristics of the zircons. 

EXPERIMENTS: Rock samples were  sieved in 
#25-100 mesh. After ultrasonic cleaning in distilled water, 
single mineral grains were separated by handpicking. The 
mineral grains were irradiated using the hydraulic facility 
of KUR for 47 hours at 1 MW, and subsequently 6 hours 
at 5MW. The total neutron flux was monitored by 3gr 
hornblende age standard [4], irradiated in the same sam-
ple holder. In the same batch, CaSi2 and KAlSi3O8 salts 
were used for interfering isotope correction. A typical 
J-value was (1.183 + 0.090) X10-2. In stepwise heating
experiment, the minerals were heated under defocused
laser beam, and temperature of sub-millimeter grains was
measured using infrared thermometer of which spatial
resolution is 0.3 mm in diameter with a precision of 5
degrees. A feedback circuit for relatively long time-lag
heating control is used not to overshoot the programmed
temperature. Zircon has relatively high melting point, and
a near-infrared laser was used for final fusion. Argon
isotopes were measured using a mass spectrometer with
mass resolution of approximately 400, allowing to sepa-
rate hydrocarbon from 39Ar and other argon isotopes.

RESULTS AND DISCUSSIONS: An example of argon 
release pattern of step heating results from a Labrador 
zircon grain is illustrated in Fig.1. The 40Ar fraction at the 
highest  temprature  over  1400  degrees has a small error, 
giving a 40Ar/39Ar ratio of Eoarchean age (> 4.0 Ga). The 

K-Ar and 40Ar/39Ar ages in Labrador area generally show
c.a. 1.9 Ga.  The results from Acasta gneiss showed that
40Ar/39Ar step ages of zircons are close to the and the
U-Pb age of apatite (c.a. 1.9 Ga) [5]. Comparison of these
results suggests that potassium carrier in the Labrador 
zircon did not experience the 1.9 Ga overprint event. In 
argon geochronology, presence of excess argon cannot be 
excluded in metamorophic rocks. In this case, the very 
high extraction temperature may play a key role to dis-
tinguish between the nearly-true age and excess age. The 
Labrador hornblende and biotite data do not suggest ex-
cess ages, and Wopmay orogen seems to have overprint-
ed the Acasta zircon as well as hornblende and biotite. If 
we assume excess argon only in the Labrador zircon, we 
need to assume a special conditions to create excess ar-
gon only in the zircon at very high temperature. This may 
be clarified in view from P-T condition analyses in met-
amorphic petrology. 
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Fig. 1. 40Ar/39Ar release pattern during step heating of 
a Labrador zircon grain. The experimental error in 40Ar 
anayses is very small while 39Ar error is moderately 
large due to its small amount. The highest temperaure 
step gave older than 4.0 Ga. 
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INTRODUCTION: Vast forest was markedly contami-
nated by radioactive plums containing radiocesium in the 
wide range of the eastern part of Japan in 2011 [1–4]. As 
forests have an important role in preventing landslides 
and maintaining the ecological and hydrological system, 
the destructive forest should be avoided and an appropri-
ately managed tree-felling should be conducted. It is 
necessary to know the environmental dynamics of radi-
ocesium in forest to keep the forestry vividly.  
In our previous field study [1], most of the radiocesium 
in the tree rings was directly absorbed by the atmospheric 
direct uptake via the bark and leaves rather than by roots. 
The chemical form of radiocesium on the leaves and bark 
would have been a mixture of water-soluble and insolu-
ble forms. Another our previous study [2] demonstrated 
that the effluence rate of radiocesium (137Cs) obtained 
from dissolved assay experiments on the trunks of Cryp-
tomeria japonica, indicating that the radiocesium in the 
trees was mainly water-soluble.  
As radioceium in tree may be absorbed from the roots in 
the future, it is important to know how much dissolved 
radiocesium is released from the soil. In this study, se-
quential-extraction experiment of radiocesium was at-
tempted to the surface soil 10 years after the accident, 
and compare the distribution ratio of the radiocesium in 
the soils: 2 years after the accident and 10 years after the 
accident.  

EXPERIMENTS:   
We extracted 137Cs from the surface soil sample from the 
Fukushima. The soil of depths of 0–2.5 cm was well 
mixed and the samples were used in the sequen-
tial-extraction experiment [4]. A ratio of solution to sam-
ple of 5 (v/w) was used for extraction in each step. After 
each fraction was stored into a U-8 vessel,137Cs was 
measured by gamma-ray spectrometry. 
Furthermore, we measured radiocsium in tree ring of 
Cryptomeria Japonica in the Fukushima. Detailed 
pre-treatment of the tree-ring and measurement of the 
radiocsium in the samples are described by our previous 
study[1].  

RESULTS:  As shown in Fig. 1, the sequentially chem-
ical fractionations of 137Cs in the soil indicate that most 
part of 137Cs were insoluble 2 years after the accident. 

After 10 years later from the accident, 137Cs was strongly 
fixed in the mineral of the soil, 137Cs in the water soluble 
fraction and ion exchange fraction decreased (Fig. 2).  

Fig. 1 Distribution of 137Cs in the surface soil collected at 
the Fukushima [4]. 
*1: ultrapure water, F: 1 M of NaAc, F: 1-M NaAc-HAc
(pH 5), 4: 0.04-M NH2OH HCl in 25 % (v/v) HAc (pH
2), 5: 30 % H2O2 (with HNO3, pH 2), 1.8-M NH4Ac in
11 % HNO3(v/v), 6: Residual

Fig. 2 Distribution of 137Cs in the surface soil collected at 
the Fukushima. 
*1: ultrapure water, 2: 1 M of NaAc, 3: Residual

Furthermore, concentrations of the tree ring were less 
than 50Bq/kg collected in 2014. We compared that the 
concentration of the tree ring at the same sampling site, 
the concentration of radiocesium did not increase from 
2012 to 2014. We concluded that the radioceisum was not 
absorbed from the root effectively. 
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