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Temporal changes of aeolian dust in the sedimentary
sequence at Tsujita Site
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Abstract

A series of sedimentary layers with different colors, which suggests a loess-paleosol-loess
sequence, were found at Tsujita Pleistocene Archaeological site located in Yahatanishi-ku,
Kitakyushu City, Fukuoka Prefecture. Concentrations of the oxygen vacancy in quartz did not
reflect the amount of acolian dust between loess and palesol layers. Assuming a binary source of
quartz and a fixed oxygen vacancy concentration for each, we estimated the variations of the
contribution of the continental dust source to each layer.
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Lead concentration affecting the ESR signal
formation efficiency in barite
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Abstract

The effect of Pb concentration in barite (BaSO4) on the formation of SO;™ radical is evaluated
using electron spin resonance (ESR) while the effect of Sr concentration was previously studied
by Kyogoku et al. (2018). The efficiency of forming SO; radical by y-rays was found to be
about half, in Pb-doped barite, of that in barite without doping, and to be constant with
increasing the concentration up to ~ 0.1wt%. Since the Pb concentration added by decay of Ra,
which is common in barite in sea-floor hydrothermal barite, is very low, the change of the
formation efficiency during geological time scale would be almost negligible, therefore no

effect on ESR dating of barite.

Keywords
barite, Pb concentration
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S5 ATREMED R <41 (Kasuya et al., 1991)
T3, SOy DOfF &% vy CHEMAMICHEIEEUKTE
HOERUEICHAHATHDIDZ EnRENT

(Okumura et al., 2010) , ZVUKFFISIZHES R CTH
DT BANEANLSEICETIAATED, N
U AL ER L CESEA TIC?RaCPRaVFEIET D,
IINHDT VT ANERBRERE 52 D8R E 7o
THEY MOEREO R 513 H ¢ & % (Okumura et al.,
2010) .
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NEL, ZORaFEET S EPbic/2 b, b L, AL
HAZEEINT D PbIT &k > TIE B D AKBI RN EAL
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2.1 AHERE

Hin A Th DR N U LOERENMENZ & &
FIAHL T, L bEINc L - T, kN o A
(BaCly) B L OHEEET b Y w7 & (NaSOs) DKIEWE
IRG SE, BN U LA,

BaCl, + Na;SO4 — BaS04| + 2NaCl

iﬁ;iﬁmfoWA&fwm%(mﬁh)&aM% 7K
BiE (0.02mol/L) Z1ERK L7z, £ LT, £ ZIZFE
Ot F N Y 7 2OKEEE (0.02 mol/L) &Nz 7=,
KERIZTICAE L, BERAa2TH Lz, Eiaa
T L7=IRA/KIRIE ZTEE L, KWL, ¥
SR A2, Table 1 (2”79 X 512, HEAY
T LE L LS DR BB SEE s, ks
DORHEMHEHTHZ LT, ML b Ak L7z GUB
D, Pb A ATZ#E GUEFB 226306 H) (2o
TIE X BREHTE (XRD) OHIEIC ;ofﬁM?ﬁw
BaiTaEngd., I _XTHEBATHD Z & 2R
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Fig. 1. Observed ESR spectra (556 Gy).
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Abstract

The tooth enamel doses of the rats and mice experimentally exposed to **MnO, dust were
investigated by electron spin resonance (ESR). Although the obtained doses have large variations,
the doses were estimated to be 0.25 to 3.9 Gy. The results would indicate that B ray emitters
adsorbed on the surface of the tooth or tissue possibly give locally concentrated doses and that
the doses can be inhomogeneous. This can be the cases of radiation accidents involving exposure
to radioactive dust, such as atomic bomb survivors.

Key words
ESR dosimetry, tooth enamel, B ray exposure

1. Introduction

The method of electron spin resonance (ESR)
retrospective dosimetry of extracted human teeth has been
established (ISO, 2020; Fattibene and Callens, 2010;
Toyoda, 2019), based on the principle that stable COy
radicals are created by radiation in proportion to its
absorbed dose in tooth enamel made of hydroxyapatite,
Cajo(PO4)s(OH),. Several studies indicated that mammal
tooth enamel is also useful as it is also made of
hydroxyapatite. The dose responses of the signal intensity
of the radical were confirmed for cattle, mice (Toyoda et
al., 2003), deer (Klevezal et al., 1999), boison, moo, bear,
fox (Serezenkov et al., 1996), and rodent (Kahn et al.,
2003). The method of ESR dosimetry with mammal teeth
has recently been applied practically to boar (Harshman et
al., 2018) and to cattle (Toyoda et al., 2019; Todaka et al.,
2020) exposed to radiation from the radioactive nuclei
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released by Fukushima Dai-ichi Power Plants accident in
2011.

In the present study, the doses given to teeth of rats
and mice were investigated after they were exposed
experimentally to radioactive **MnQ; dust where **Mn
has a halflife of 2.6 hours and emits the maximum f ray
energy of 2.85 MeV (56%). The experiments were aimed
primarily to study the health effects to rats and mice in
order to follow the preliminary results by Shichijo et al.
(2017) finding the pathological radiation damages in the
lung of rats exposed to radioactive MnO, powder.

Tooth enamel ESR doses given by radiation
accidents is usually considered as the external doses. It
would be interesting what doses are obtained in such cases
of radiation exposure involving radioactive dust, which
have been overlooked in studies on radiation accidents,
but were actually the cases just after the atomic bomb
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explosions at Hiroshima and Nagasaki.

2. Radioactive *Mn dust immersion experiments

Three sets of dust immersion experiments (A, B, and
C) were performed at National Nuclear Center,
Kazakhstan, as summarized in Table 1. Each set is
composed of several experiments where 8 or 9 rats or 14
or 19 mice were placed in an acrylic box with a dimension
44 cm x 35 cm x 25 cm as conditions shown in Table 1.
Rats and mice were 10 weeks old at the time of the
experiments. The MnO powder with the grain size of 2-
15 pm (median 6 pm) was activated by thermal neutrons
with varying fluences of 1.2x10' to 1.2x10" n/cm? at
Baikal-1 nuclear reactor of the National Nuclear Center
located in the Semipalatinsk nuclear test site. An aliquot
of 100 mg of MnO, powder activated with a fluence of
4.0x10"* n/cm? has 2.74x10° Bq of **Mn. In each exposure
experiment, 100 mg of the activated MnO, powder
(actually dust) was blown into the box from the inlet at the
center bottom of the box. After 1 hour, the rats and mice
were moved to other cages in three groups to breed for
different durations up to 70 days. Other groups of the rats
and mice were also exposed to MnO, powder without
activation, indicated by “Cold”, and with no exposure by
“Control” (Table 1).

Additional groups of rats and mice were exposed to y
rays of 2.0 Gy from *°Co, indicated by “Co”, which is for
the exposed control in order to compare the effects with
the above radioactive *MnQ, exposure. For our tooth
enamel dosimetry, the dose value of 2.0 Gy should be
obtained for these samples.

The duration of breeding after exposure was varied
for pathological studies. The difference in the breeding
duration was ignored in the present study, considering just
as multiple samples because the given dose does not
depend on the breeding durations.

3. Samples and experimental procedures
The molar teeth, each mouse or rat having 12 in total,

Table 1 Experimental set-ups of the 3*MnQO: immersion

experiments.
Exp. Rats/Mice Set-up Neutron fluence
or y ray dose
A Winster rats ~ Mn-1 4.0x10' n/cm?
(male) Mn-2 8.0x10™ n/cm?
Mn-3 1.2x10% n/cm?
Co 2.0 Gy (y ray)
Cold No activation
Control
B C57BL Mn-0.3 1.2x10" n/cm?
mice Mn-1 4.0x10' n/cm?
(male) Mn-3 1.2x10" n/cm?
Co 2.0 Gy (y ray)
Cold No activation
Control
C C57BL, Mn-1 4.0x10" n/cm?
Balb/c mice  Mn-3 1.2x10" n/cm?
(male) Co 2.0 Gy (y ray)
Cold No activation
Control
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were examined in the present study. After extracting teeth
from the jaw, they were soaked in a 20 % KOH solution
at 60°C for 2 hours with ultrasonic. After rinsing and
drying, the samples were examined under the microscope.
These procedures were repeated when remaining dentin
was observed.

All of 12 molars from each rat were used as one
sample because the mass of each tooth was too little to
observe any ESR signal. As for mice, after the enamel of
all teeth of a mouse was combined, the ESR signal was
checked. The samples with a largely tilted baseline (see
descriptions in Section 4.1) were excluded from analysis.
Those with less tilted baseline, about 5 to 6 mice of the
same experimental condition (including the breeding
duration), were further combined and used as one sample
(see Tables 2b and c).

ESR measurements were performed with an ESR
spectrometer, JES-PX2300 at Okayama University of
Science, with the following measurement conditions; a
microwave power of 2 mW, a modulation frequency of
100 kHz, a modulation amplitude of 0.2 mT, same as
recommended for human tooth enamel (Zhumadilov et al.,
2005), and a sweeping magnetic field range of 10 mT with
the center field at 335.7 mT, a sweeping duration of 30
s/scan, and time constant of 0.03 sec. The scan was
repeated 40 times to average the noise and 3
measurements were done for a sample with shaking the
sample tube between the measurements.

The additive dose method is applied to the samples to
obtain the retrospective doses. As the mass of a sample of
the rat and mouse tooth enamel in the present study was
typically 10 mg, cycles of y ray irradiation and following
ESR measurements were repeated for a sample, more than

2.0045
2.0031

/gL

f 2,~1.9976

N

nie

-
=
)

335 340
Magnetic field [mT]

Fig. 1 Typical ESR spectra observed in rats. a) a control
sample 6-13, with a curved tilted baseline, excluded from
the analysis, b) 6-09 with no irradiation, ¢) 6-09 with an
additional y ray dose of 9.3 Gy, d) 4-08 without additional
dose, ¢) 2-08 without additional dose. Mouse tooth
enamel showed spectra similar as rats shown above.
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Fig. 2 Typical dose responses of the dosimetric COz" signal
intensity observed in rat tooth enamel.
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Fig. 4 The sensitivities (the slope of the dose response line)
of the dosimetric CO>™ signal observed in rat tooth enamel,
relative to that of human tooth enamel.

3 times, to obtain the dose response of the dosimetric
signal. The y ray irradiation was done at Takasaki
Advanced Radiation Research Institute of National
Institutes for Quantum and Radiological Science and

Technology, with an exposure rate of 0.03 C/kg-h (1.0

Gy/h), up to cumulative doses of 4 or 10 Gy.

The obtained ESR spectra were processed with a
computer program, New-ER (Ivannikov et al., 2001), to
extract the dosimetric signal component due to COy
radical and to have its signal intensity.

4. Results and Discussions
4.1 ESR spectra

Typical obtained ESR spectra in rat tooth enamel are
shown in Fig. 1 where mouse enamel showed similar
spectra. Some samples show a tilted curved baseline (Fig.
1a). Although a dosimetric signal component appears after
irradiation, fitting and deconvolution of the ESR spectra
were not possible with New-ER which has a function to
correct a linear baseline. Most probably some transition
metals or other radicals with an intense and broad signal
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Fig. 3 Typical dose responses of the dosimetric COz" signal
intensity observed in mouse tooth enamel.
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Fig. 5 The sensitivities (the slope of the dose response line)
of the dosimetric CO2  signal observed in mouse tooth
enamel, relative to that of human tooth enamel.

contained in tooth enamel would cause this problematic
baseline as was seen in the spectrum scanning a wider
field range. In the present study, such samples (both rats
and mice) were excluded from the analysis.

Measurements in the following were made on the
samples having less tilted curved baselines. Even for these
samples, the evaluation of the signal intensity was difficult
as the dosimetric signal is hardly recognized (Fig. 1d, e).
This would be due to two reasons that the sample mass
was small (typically 10 mg) and that the observed spectra
had still tilted curved baselines even after excluding those
with largely tilted baselines.

4.2 Dose response

The typical dose responses of the dosimetric COy’
radical signal intensity obtained by New-ER are shown in
Fig. 2 (rats, Experiment A) and in Fig. 3 (mice,
Experiment B, C) where the fitting of the lines by the least
square method is not very good as human tooth enamel
and cattle tooth enamel (e.g. Toyoda et al., 2003). This
would most probably be because of the difficulties in
evaluating the dosimetric signal intensities described bove.
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Table 2a Results of the obtained doses for Experiment A (rats). The rats were dissected 2 months after the
exposure. The column “set up” corresponds to the experimental conditions in Table 1.

Set up Islﬁﬁgl; Estimated Dose (mGy) Set up Islﬁﬁgl; Estimated Dose (mGy)
80 7390
3-08 1090 30 4-08 34000
+200 +420
3-09 1960 7% 4-09 30205
3-10 3180 320 4-10 3600 310
T =
311 1230'5 4-11 21200
+50 +370
3-12 6802 4-12 3140707
+460 +290
3-13 2740 1% 4-13 3400 2
7380 70
2-08 197050 5-09 7007
Mn-2 2-09 1720 *llf(? 511 1530 *1133(?
] Cold 420
+440
2-10 3810 00 5-12 2210 3%
7190 +80
1-09 135070 5-14 4805
1-10 1080 *1133(? 6-09 460 *55(?
Mn-3 290 100
1-13 2290 0 Control 6-12 670"\
+150 +110
1-14 16107 6-14 530710

Table 2b Results of the obtained doses for Experiment B (mice). The duration between exposure and dissection is indicated by the
latter digits in the sample numbers; 03d corresponds to 3 days, 14d to 14 days, and 70d to 70days. The column “set up”
corresponds to the experimental conditions in Table 1.

Setu Sample Number Estimated Dose Setu Sample Number Estimated Dose
P number of mice (mGy) P number of mice (mGy)
71760 7690
M1-03d 5 30901 M4-03d 4 47405
Mn-03  MI-14d 5 31201550 Co M4-14d 4 5260" 01"
+340 +110
M1-70d 5 1120 % M4-70d 5 177071
M2-03d 5 24107320 Cold M5-14d 5 425072870
280 11360
Mn-1 +220 +140
M2-70d 5 18600 M6-03d 5 1450° 8
M3-03d 5 284070 Control ~ M6-14d 4 490 5"
Mn3  M3-14d 5 258077 M6-70d 6 1330 )
+320
M3-70d 5 1850 50

Table 2¢ Results of the obtained doses for Experiment C (mice). The duration between exposure and dissection is indicated by the
latter digits in the sample numbers; 03d corresponds to 3 days, 14d to 14 days, and 70d to 70days. The column “set up”
corresponds to the experimental conditions in Table 1.

Sample  Numb ; Sample  Numb ;
Set up nﬁﬁg; ogﬁiceer Estimated Dose (mGy) Set up m?ggei ogﬁiceer Estimated Dose (mGy)
Mn-1  BI-03d 5 456070 3-03d 5 3070755
Co
C2-03d 5 18007 %) C3-65d 5 247000
Mn-3
C2-65d 6 10807120 B5-65d 6 380735
B3-03d 4 2800735 Control ~ C5-03d 5 7107
Co
B3-65d 2 21607 5 C5-65d 6 930759
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Table 3 Summary of the averaged values. Results for non-radioactive MnO2 exposure (Cold in Table 1) were
considered as control and were combined with results for no exposure (Control in Table 1). The column “set
up” corresponds to the experimental conditions in Table 1.

Difference from

Experiment Set up rat/mouse  Averaged Dose (mGy) the control (mGy)
Mn-1 1810+990 870+1200
Mn-2 25001140 15601320
A Mn-3 rat 1580+520 640+850
Co 3110+530 2170+850
Cold/Control 940+670
Mn-0.3 2440+1150 550+£1990
Mn-1 2140+390 250+1680
B Mn-3 mouse 2420+510 540+1710
Co 3920+1890 203042490
Cold/Control 1890+1630
Mn-1 4560+880 3890+920
C Mn-3 mouse 1440+510 770+580
Co 2620+400 1950+490
Cold/Control 670+280

As the data points scatter much as in Figs. 2 and 3, it
would be an issue that fitting lines to the obtained dose
response is appropriate. However, in the present study,
lines were tentatively fitted to the dose responses
assuming the linear dose response as Toyoda et al. (2003)
showed a linear dose response in this dose range on mouse
tooth enamel.

The sensitivities of the dosimetric signal, i.e., the
slopes of the line fitted to the dose response are shown in
Fig. 4 (rats) and in Fig. 5 (mice). The sensitivities vary
much for rats (33.7 %) while averaged value is quite
uniform (13.4 %) but each value has a quite large
statistical error for mice. This would probably because the
measurements were done for each rat while tooth enamel
of several mice were mixed together, therefore, the
sensitivity variations may have been averaged.

4.3 Estimated doses

The doses given to the tooth enamel were obtained by
the additive dose method. The lines fitted to the dose
responses shown in Figs. 2 and 3 were extrapolated to the
zero ordinate to obtain the retrospective doses. The
estimated doses are shown in Tables 2 where the statistical
errors are quite large ranging 10 to more than 50 %
because of the scattering of the points in the dose
responses. The estimated dose values themselves also
have large variation for the same experimental conditions.
When the estimated dose values shown in Tables 2 are
averaged for the same experimental set ups, the results are
shown in Table 3. The obtained dose values for those with
no experimental doses (Cold and Control) are not
negligible. As the sensitivities to dose (the slopes in the
dose response) of these samples are not statistically
different from other samples (Figs. 2 and 3), most
probably the “signal intensities” of these no-dose samples
before irradiation would be artifact, i.e., the “dosimetric
signal” intensities would have been superficially obtained.
If this is the case, the actual doses given by the present
exposure experiments should be obtained by subtracting
these superficial doses.

Although the statistical errors are large, the results that
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the averaged estimated dose values for the samples with y
ray irradiation are close to 2 Gy, which is the value for the
exposed control, would be encouraging. It would imply
that the values obtained for the samples with radioactive
5MnQO, immersion can be meaningful.

It is difficult to discuss the reasons for the scattering in
the estimated doses shown in Tables 2 and 3. One reason
should be the small sample masses used in the present
experiments and tilted curved baselines in the spectra that
would cause errors in estimating of the dosimetric signal
intensities by New-ER. Another possible reason might be
that the doses actually varied due to inhomogeneous
deposition of the radioactive dust.

In spite of such difficulties in reasoning the scatter of
the data, the results shown in Table 3 would indicate that
the doses of several hundred mGy to several Gy might
possibly have been given to the tooth enamel of rats and
mice by the radioactive **MnQ, immersion experiments.
As the vy ray doses measured during with glass dosimeters
were around 10 mGy, the above values estimated from
tooth enamel would have been given mostly by B rays. It
is possible that fine MnO, powder particles with
radioactive **MnQO; adsorb on the surface of the teeth at
the time of injection. It is possible that it also happens
when they lick their skins for grooming where the
radioactive dust is adsorbed. It is hard to estimate the
contribution from licking, therefore, it is questionable how
the above results apply to human at the time of atomic
bomb explosion. However, when the results are simply
applied, the locally concentrated doses to human organs
due to the radioactive dust could be one order of
magnitude smaller than the present values, as the neutron
fluence at the time of Hiroshima atomic bomb was
estimated to be 1.1x10"* n/cm? at 1 m above the ground of
epicenter (Kerr et al., 1987), about one order of magnitude
smaller than the present experiments.

5. Summary

ESR tooth enamel dosimetry is potentially useful in
estimating the external doses given to rats and mice. The
doses of 0.25 to 3.89 Gy were possibly given by B rays to
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tooth enamel of rats and mice in the radioactive **MnO,
immersion experiments although the values have large
statistical errors. Further studies with larger mass of
enamel with no curved baselines are necessary to confirm
the accurate doses and to investigate how inhomogene-
ously the radioactive dust is deposited.

Ethics Committee Approval

Ethics committee approval was received for this study
from the Animal Experiment Ethics Committee of Semey
Medical University, Semey Kazakhstan.

Acknowledgements

The present work was supported by JSPS KAKENHI,
Grant numbers, 26257501 (April 2014-March 2018) and
19HO01149 (April 2020-March 2024) and by the Inter-
University Program for the Common Use of the Japan
Atomic Energy Research Institute (JAERI) Facilities,
Japan, Grant number, 19004 and 20004.

References

Fattibene, P. and Callens, F. (2010) EPR dosimetry with
tooth enamel: A review, Applied Radiation and
Isotopes, 68, 2033-2116.

Harshman, A., Toyoda, S., Johnson, T. (2018) Suitability
of Japanese Wild Boar Tooth Enamel for Use as an
Electron Spin Resonance Dosimeter, Radiation
Measurements, 116, 46-50.

ISO (2020) Radiological protection — Minimum criteria
for electron paramagnetic resonance (EPR)
spectroscopy for retrospective dosimetry of ionizing
radiation — Part 2: Ex vivo human tooth enamel
dosimetry, International standard, ISO 13304-2.

Ivannikov, A. 1., Skvortsov, V. G., Stepanenko, V. F.,
Tikunov, D. D., Takada, J., and Hoshi, M. (2001) EPR
tooth enamel dosimetry: optimization of the
automated spectra deconvolution routine, Health
Physics, 81, 124-137.

Kerr G. D., PaceJ. V., III, Mendelsohn E., Loewe E., Kaul,
D. C., Dolatshahi F., Egbert S. D., Gritzner M., Scott
W. H., Jr., Marcum J., Kosako T., Kanda K. (1987)
Transport of initial radiations on air over ground, US-
Japan Joint Workshop for Reassessment of Atomic
Bomb Radiation Dosimetry in Hiroshima and
Nagasaki, Vol. 1, Chapter 3, p.88.

Khan, R. F. H., Rink, W. J., Boreham, D. R. (2003)
Biophysical dose measurement using electron
paramagnetic resonance in rodent teeth, Applied
Radiation and Isotopes, 59, 189-196.

Klevezal, G., Serezhenkov, V., & Bakhur, A. (1999)
Relationships between ESR-evaluated doses estimated
from enamel and activity of radionuclides in bone and
teeth of reindeer, Applied Radiation and Isotopes, 50,
567-572.

Serezhenkov, V., Moroz, 1., Klevezal, G., & Vanin, A.
(1996). Estimation of Accumulated Dose of Radiation
by the Method of ESR-spectrometry of Dental Enamel
of Mammals, Applied Radiation and Isotopes, 47,
1321-1328.

18

ISSN 0918-6824

Shichijo, K., Fujimoto, N., Rakhypbekov, T., Stepanenko,
V., Chaizhunusova, N., Uzbekov, D., Saimova, A.,
Kairkhanova, T., Sayakenov, N., Shabdarbaeva, D.,
Aukenov, N., Azimkhanov, A., Kolbayenkov, A.,
Zhumadilov, K., Nakajima, M., Hoshi, M. (2017)
Internal exposure to neutron activated 3*Mn dioxide
powder in Wistar rats — Part 2: Pathological effects,
Radiation and Environmental Biophysics, 56, 55-61.

Todaka, A., Toyoda, S., Natsuhori, M., Okada, K., Sato, I.,
Sato, H., Sasaki, J. (2020) ESR assessment of tooth
enamel dose from cattle bred in areas contaminated
due to the Fukushima Dai-ichi nuclear power plant
accident, Radiation Measurements, 136, 106357.

Toyoda, S. (2019) Recent Issues in X-Band ESR Tooth
Enamel Dosimetry, In, Ed. A. K. Shukla, Electron Spin
Resonance Spectroscopy in Medicine, pp.135-151,
Springer Singapore.

Toyoda, S., Tanizawa, H., Romanyukha, A. A., Miyazawa,
C., Hoshi, M., Ueda, Y., Nitta, Y. (2003) Gamma ray
dose response of ESR signals in tooth enamel of cows
and mice in comparison with human teeth, Radiation
Measurements, 37, 341-346.

Toyoda, S., Murahashi, M., Natsuhori, M., Ito, S.,
Ivannikov, A., Todaka, A. (2019) Retrospective ESR
reconstruction of cattle tooth enamel doses from the
radioactive nuclei released by the accident of
Fukushima Dai-ichi atomic power plants, Radiation

Protection Dosimetry, Radiation Protection Dosimetry,

186, 48-53.

Zhumadilov, K., Ivannikov, A., Skvortsov. V., Stepanenko,
V., Zhumadilov, Z., Endo, S., Tanaka, K., Hoshi, M.
(2005) Tooth enamel EPR dosimetry: optimization of
EPR spectra recording parameters and effect of sample
mass on spectral sensitivity, Journal of Radiation
Research, 46, 435-442.



Advances in ESR Applications, 37, 19-23, 2021

ESRE&HIEIZ

BT HHEHE

ISSN 0918-6824

%ru
QX

TREE & BB R DRREY

Optimal sample tube setting depth and sample volume for quantitative
ESR measurement

NRIEAR, B

U LR B S
2 LR K Y - R L s —

Naoya Obata!, Shin Toyoda?

! Graduate school of science, Okayama University of Science, Okayama, Japan
2 Institute of Paleontology and Geochronology, Okayama University of Science, Okayama, Japan

(Received Jan. 22, 2021; Accepted Mar. 31, 2021)

Abstract
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The optimal sample setting position and sample volume were investigated for ESR
measurement on temperature controlled ES-CT-470 by examining. The sample position
dependence of the intensity of DPPH. The best intensities were found to be at 193-194 mm. The
sample height dependence for quartz of 100-200 ym was investigated to found appropriate
sample height in the tube to be 100-200 mg.
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FERE A S . 2 ESR FREE Y, HRELA R R
D= DOEREDBE OB E, HIERE DR,
~A 7 O, HRHEEOHIE, REO i
FEOMIER &2 WYNAT D2 T IERERE 2SN K&
K RABERERVESD. 209 bvA 7 2 EREE
S OFERI RGNS H - B H (2004) OIS D .
B E RO FRE O BT E O Bk it i
WINTERY, FEREITZERILES & ONE %R
ERICREESNTWD, ZERRE IR D3
LT~ 7 allNERET 2N TH Y, TEy T—
R P9 1 2 28 3 3 4R 25 ~C i FI 1] O il = 12 v ) 35 sk S ke
DNETT D, A 7 a0 BRET T DAL
BICREI A HET A 2 LI L0 FoiE 7 R CollE
MATRE & 72 5. —H%H)72 ESR Ml CTOREHE 3R 114
BEITEEMEOY T — IR E N ALE ISR
95708, R A ASEE ES-CT470 %3555 L 7= ESR
EEDOLGAEL, KA EREHICESE T 52 HEY
DERENTZIT=FA—=F O FEHE 197 mm D)7 E
LT A ERHERINTWS (HAEF, 2000).
TR L A A EITEE LIS OB nH S
ZENBESND T, REME R ERE EE L
ICHERT AMEND B.

F 7=, WEREO FEHE &I ARERIFA043.5 mm
BT RTCELETEESRLIM mme 52 LEnHERsN
TW5 (AAREF,2000) . EOEEND WS
IXZDRY TiEAe<, FORRICEEORE To L
EITOBAITREBE AR D Z &, BHRREIOSS
IXFEHEZICHREE DR Z R 7272 72 & L TREHE
Erm< T2 bR sn Vs, REHE~DF
HELESTRE OB E KRG L7~ Iwasaki et al.
(1990) 12X % &RifE% 500-840 umlZFR%E L 7= N Dt
DO F A VEDEA, 300 mgE TIHE 558 & &
ORNCEBRBERH 5 & SN Tn5D. REE~DT
T AVEO TR S OFHNREECTH > 72720k
HETHRIENTWER, HEEE LY 0 0nilk
ECHETL2HEBEMERNRINTWDS. £, @it
(2015) 1%, HEL7eBRERsTmEFFDaTEY
b ot & % AWV ZESRERJEITBWT, HRE
AT OOAE 558 & W T2 U SRS A Rl CTHilE L 72
BRMENMEATTIESL SRS, BRIk O
BRI £ D ZERLEZSRNTO~ A 7 2 I &
HEWEBREL TS, EE~OREIOFTH G 2L
FeIEE FE DSESRPNERG BT 5 Z LR ENT
W5, I, gl AR O FEM A T A
IR VLI I 1T 2 FARME O BRI EHTHI12100-200

mgfE 8 2 FUEHE IS5 Z L 3% (B, 1998) .

R CTE 2B OBITE U THEITITRETH 508,
TR IE < BREFEAN O BE ORI thBRVERKIZ 13102
T TRRE OB BB NHELE I N TS (Grin and
Brumby, 1994) Z &6, FEHBY7REEPH T D i 72
AEFREE L RETT 5 2 L ITEREV.

PLED X9 I HIERE O 3% & LR FEtE BT D
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2.2 AHIZT DHE
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G AUIETREE 13 KA D 98% AN & 72 D Z & AN oyhno
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TITOIRE Z L N FHERINT-.
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FEYEREME ORI < EH Lo TV D =08 %
Fron, RBHEHER SITEBRAICHEM Lz, TRE
BRI DXL DX ITREVEONRDOEIZEL DD &
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18 13 300 mg @D 100-200 pmdD A 55D FEHE & S5 20
mm K9V b RENPSTZZEDEEIN, SEIOHEF
EJE L.

B4 7 1345 S e & AURVE & TR L 725 508
FETHDH. F1550D 26 mm OREHFIEE S THORES
TREEICA O X 9 EHSE L7~ DPPH OfE 5@ 2 B
TW5. 105k mm £ TIXAEDOEZHRENMES DL
HOO, EREYZAEEIE DPPH IZ &L D EE A & [F
KEDAEIE A7~ L7210 2 mm B OFEH & Tl
JRJE DT K D5 558 O LIRS D 7e
7y, FEEEOREITH, [F—a RO % ik 5
LA IXRREOREHRE L T X& Z LR TE .
F72, 108 mm £ TOIESSXIL, §5 2 & 0mmE
DR/ —E DM NS, 2 HFREETRE N D
Al iy & Ti-H HLTHRIBEDIX L DX Tho T
TS, R IR RN DR O LIS O BLA T
HolztEZ2bND. 708, A%t DPPH ORE %
ERDHTEDIC—FHZHE 26 mm LV REE INK
WA AT S58E 2 DPPH & Flalv, 3k
XN S WEEAII A B OE BB EE A DPPH % E A
STEY, BT & Lotz ZHITFEEL
T A FEDBEDOEINA: 5 22 LIRZRN TOFHERK
DOHEIMZE Db D EEZ B, Z2iRILIRERN OKE
DAL b HEBREIC L DIEREL(L L BET X
LEZLND.

B ORI K D FRIEE LR E ONRIZ L -
TEVORELHOENBEIND OO, HHEHIHIRL
DFE) T DORBIE < B EFHT TEFABIZHN TNV D
100-200 mg OFEFRIEE &I, 100-200 md £ HET
1% 7-13.5 mm OFEH R E SITHY L, SRR S
ST U CEBIICAE SR E NN 28 TH D
ol b, PBbTEHEE S TR L LR & e KA D
10%LINTH D Z L, BEEZRKREERDRN
WY REH CHDL EEZOND. 2120, WEEIC
FHET HREOE S DEVIC L AEBIRE DL A
WG T2, BEtd 2 ik Z &S RRRE ORE &
THIEZITHIRETHD. Ma%E 74T 470
THREPHRORXDBFHET S L, 100-200 umdD
AEIZBWTRERICLDEFREDRELY 1%L
WTHRIET AI21E, 7 mm ORBIFHES S (FEE
£ 100 mg) DOHFAIE 5.0 -8.9 mm T 722 b B 72-130
mg F2JE, 13.5 mm OFEF R R S (FEHE & 200 mg)
OEA1E12.4-145 mm T 72 D H ) 184-214 mg FL /& &
L7 uiE7e 6720,

4. ¥¢9

ESR & DFEOFEVE B E R & 3R E IS R
NI EAZBF L7z, REE R EEE L DPPH 72
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13:00 FAEICHT=>C EmHEr  (FLEKR)
Ffimtyiarl R DUEAE 13:05-14:15

& B E (R I BRE) , R0 (R JI86E) , B B fE (L1~ /18RS , Barry Kohn (ALAR/LK),
FENNEYNGTE V)
/L /(U-Th)/He EDFERIELERBIOBRK A=/ T A A NI DRI

HR L LBl R) BB RAT | 2 D KRR ZEHT I C B 1 D m R G 7 7 DEIHI 7 e 2D~ Dl :
AR —= =T VIR LA

OHRRAE (R Rt genT)  BRERIFE R A i BB LToa R T e b AR — A 2

FEVO BT Ol R), R FE5L, K%, FHERHE JAEA), RREETR GEBKR), /NMEREnL, #ILS7%E,
HiRVDHR JAEA), H LA GritpR)
P va U-Po FARGIE I LD A8 HEHII S 78 H 92 o the~ e HEAE e PO s 0 AR O HE
iE

PR (R), RIS, & FRHE, BULSCRE, $ERvDHE, &M Fesh JAEA), M E&s (k)
TNGANT a7y 7 BUERGT IS AL B OB S OHEE

WERIETR, /M YR, B EmIA GUR)
TIRBANT grial - s ZHARRIE 81T H#4000SiC i KA EEAK O F) H

W R, RAEEE T, IHHFER, AL (&IRK)
N DTNV VAT 7 ERIE I ANT T B T AT DERIR OISR

OHEEEG T, HATEREL, RAEET (@RK)
L— =T A—H ) LA-ICP-MS Z3 ATl Rl 2 K IF -

KIFEN (BHIRK) BRI % ORLE ORI A& ENbH v ar OfE R ER-EIZ DV T
Pty var 2 R OHEAT m K 14:25-15:30

AR (BB ) SR SERT)
Rise TL/OSL reader MDEX{EL Rise *Lexsyg MZEE D OSL HIE TR DAV FHAMAR B HLik

ERSE(ERLTR) SR —RELEMR T AR FEREID TLER
JNHTE L, JNEHBUE, EEE (FLFER) A0 ESR BV E ML 7 —F ek

AT (PEZEHATR AR, KB T, PR (4 i EK)
FevE I R 2 T D 1% ) 5 B I - T | HEFE ) O pIRIR AE1X

T RANAE (SZ1EKX) , Jaafar Jotheri (Al-Qadisiyah Univ.), ZZ[E T (& K)
= AR EHERE DN 32 AEARAIE GEED

FA-JRMER (UUK) , Uyangaa Udaanjargal, 8157651, #%2FE L, &4)I1F, Niiden Ichinnorov, 5 H
£ &, Davaadorj Davaasuren, &2 aRfE1-
=)L Valley of the Gobi Lakes (234517 % 55 IUAC 2 WIHERE Y > OSL SR MR FFERHIE L
P AANWRIZIS1T DK &~ DRI
26



iz Bk —, BT (R LBES) RIHAFRG (BB )
IR H U7 O B BHE E LA E

&R B e (MILEER)  ES A OSMIBEN CL BRI 2o

Sty var 3 JEE EHP A ESL 15:40-16:35

(L BB (E SRR E R B ), PR, =EFZ &R, EHHkT, 7V—8Lr LR 3
HiEE RER), HE—2Z (ERK)
ANDFAHZERZRIZ U= Lband B AL g k2 F TR & EHE BT B i O 8 2070 5%
G A -2

P, B, fEiE 4 - (MILERR), SRS (REAK), [MEs (B AR AF5E R )
(L —BR (E SRR E R AR, b —2Z (BERK), SREVEE, BT (REK), AER
(FEKR), ZEEGEFK), KEFH 2 (BEFRAEIITIEB 5 AE), BER (REK)
N DD T AVE DOREAEBHER I 01T T — RBHL B T RIS L D15 BB R D ek —

IINAREE, TN, RS (P R)
KB ITEOIE FE G FNDATED ESR 5 5O et~ /RO O IR O R BB T~

=i /R, A (R
TBAB & TBPB £/ 7 AL —R A RL—MZEI1F% ESR AT ML ODENIDOUT

RLEAE, B (FE R, 78 7 (] L BEOR), 4658 52 (e = oK)
FHRT ==V RIS IS y e A L TIEAICE ENO AT 1V HED ESR 8143

B, SRILEAE (P R), a7 #amm (i LLEER), A8 s (J = oK)
TEAIZALND —ODFRET Y IV OZENTHONT

R TR, AT, TR CORBROK), ABITUE (RO H OIEITKZRD T
PIRICHTe~T TR CRBoR)

BREFFBERTy (7Tv v ab—2735 +Fma )
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U )La v (U-Th)/He JEDFRIREH B OEEK -
CEFETAHA MBI DERZMRE
Exploration of the age standard for zircon (U-Th)/He method:
Chronometric investigations of the Nisatai Dacite

BHRFE (RFHHEB) - XE X (RFHAERB) - EHRE (RFh#ER -
Barry Kohn (A JLARILUK) - BERE (RX)
Shoma Fukuda (JAEA) Shigeru Sueoka (JAEA) Mizuho Kanno (JAEA)
Barry Kohn (Melbourne Univ.) Takahiro Tagami (Kyoto Univ.)

A TIX, Y23 (U-Th)/He i (LLF, ZHe %) 128 D AEEHERBI O %2 B
ELT, ZOBEHTHLLIEET A YA MaextG e LIEFEROITORREZ#RET 5.

He 7513, FEAL SN ZBERIEO P CIIPASIRE MEWEE TH D720, HEREEHN D
HiIERFE 1T 5, HERPURIEOBA <2 N (B2 X, FEk - HIRSOWEES 7 &) OHEE
WA &5 (Ault et al., 2019, Tectonics). — 5 C, He {EICITAEAESE S 4512 8
ENTWRWNWEWIBENRD Y, 58 amd 25 FT IEOERERE N A S Tnb 0
MBURTHSH. L L, He FAUTHHEOPRIE O ARLE MR, S8 O A e
EBEOERIZE VIXS5>L 72 (Wildman et al., 2016, Tectonics), FT {EOEAET L=
Tt ZHe {EOREREREE L Cliy) & X IR 5 72av, U HESUEH IR R O £ D15 48
P2 AR 5 BB B 2 F o), RARBENILEENS.

AW TIL, ZHe IEOFERER R e LT YET A A MIER L. (AT A4V
A ME, BFRZFHEDICOMAT 2R IRACE RIS TH Y, TE THRERD K-
Ar £, ZFT 15, ZrU-Pb {£72 & DR OF AR N ED 5T & 72 (Tagami etal., 1995,
Geochem. Jour.; Sudo et al., 1996, Mem. Fac. Sci. Kyoto Univ; Hasebe et al., 2013, Isl. Arc).
INHOTEFASEE N RS ICHED 5T, 22~21 Ma fHIIZERDEFR T 5720, 12
HEAB O ZEED—> (BREED &7 LT aRErED m.

ARFGE CITFAIERERE & L ComtEomEt o720, BHEOFRME (ZHe 15, ZrU-Pb
15, ZFT %, AFT 1) BXOMEFoHT Oik~ v B 7%) &% Lz, AR T3,
JAEA- BRI 2 o 2 — & A VARV U RS THENE L 72 ZHe FRIEOFRE R 2 85T 5.
fER L LT, WIRIZEHIT D ZHe FAROME L 20.720.2 Ma (LAKE, FRZEHIPHIL 20 &
IR), ANVRA Y RKEFETIEL23.1E0.6Ma 3G H1, EH 5 LEEHRED 22~21Ma E HEZED
bORERERoT. 72720, BRI TEREERT S5 L, 215102Ma EEEHTHD. —
T, HRHERDIESSEITIAL (15~40 Ma), #MMNO U Th O —=1 7 D%
MEZHNDHN, FElRRK OIS H%ROBETH 5.

fhmm e LT, HRITHEROIELSXIZE D, [T A YA Mid ZHe IEOFAEHEEL
& L COBMPEITARWATREME ERE STz, A1 1T ZHe FAUEHERBI OB 22l & L C,
Buluk Tuff CHKEFHCE 72 E 2 %G & LI [ARR OB A2 TEL T\ D

[BEE] A TR PE SR G R — PR [ 2 4RHE & L~V U VB 5 0O HIUE 4L
SYCBET B HARBTE S (MR BE R 2 e MR A 5 AL BAZE) | DR RO TH 5.

Email: fukuda. shoma@jaea. go. jp 29



PN SRR I 1 D K22 I BT A mE A A T v 7 OHIE 7 1
T AD~DHIK : ﬁ?/\*—ﬂ/t'\?7ﬂ7 BT 5 4]

Denudation process of high-grade metamorphic nappe in a continental collision zone
constrained by thermochronological inverse analysis: an example from eastern Nepalese
Himalaya

it CRESR R BB A FE R ER R R R 2 )

Toru Nakajima (Division of Earth and Planetary Sciences, Graduate School of Science, Kyoto
University)

AWFFENL, RN — VoA D m EE A RS 7~ 7 (Higher Himalayan Crystallines
nappe: HHC 7> NIkt LT, 74 v a v « b7 v 7 FEDFERAIELS KO FT Efifbr %
t ENT LT BV RMTYE 236 B L LHHC T 7 O AL &2 @R fRBE TR B T L7z,
F 7= thermokinematic 7 /L% fW/=HHC 7 v 7 OEE D7 3 —TU— NE5 U 7 %47
9T LT, HR/N—LZHITDH HHC 7 v 7 OmENEFE & B FEFE O xS EIfR 2 B 5 2>
L7z, INOOREEEARTHZL T, b~T Yo LEHRcRIT 5 EELR A
OHIFI DT 72T 7 b= 2O EHI LT,

WA= L THICELN 17RO L a v FT UL, 54 £ 03 Ma v b 114 +
0.7Ma THV,7 /3% A4 + FT4R1L4.8+£0.7Ma 705 104+ 09 Ma Th - 7-. B
Wrcixvnay, 78334 FO FT BT —Z IS % 8 DORELD T path ZHl{7 5
T LT, =D ORERN S HHC T 70 350°CLL T OIRFEFEIRIZ 81T 5 9 Ma
DB DHMASIILL T D 2 DOR#EAE 52 LN LT~ 72. 1) HHC 7 v 71 250
350°C DI FEIR TR (<30°C/Myr) L7=D B, #J 100°C £ TR (~150°C/Myr) L, £ D
BRI LT2(GRG AN, 2) A HURNEER L 7o 2rm ORI, A7 Ol HE IR S
ATZBBHE EB WM & 5 (m DAL T B4 D).

RIZ, thermokinematic &7 /L& FHWTEL R D 3 -DOHIHE 2 FELL, FT 4 + -Tpath
DNEFHFAE R &2 A= L TEH BN EE O FT 45X « Tpath & g L7=. Q71— b
BE ST (MHT) DVEENZ V), HHC & AL OHEREE N — K L g > TA == T X |
THLELEBICHIHEND. @QMHT OV v ST 2 —7 L v 7 AEENREE L,
T a—7 by 7 AE EPRROHIEZSZIT 5. @OMHT 5543l 3 5 Wig OTFENZ LV, 2
Ma LEIC@m IR E2RICA— "= T 2 b - IR S D. ZOREFROOHIH B % FE
L72E7 /LD 5 H, MHT 7* flat-ramp-flat #1&E 2 "3 E 7 /LT, FTR/X—/LTRIZE SN
FT X « -T path OFe# A i b X< BHLT DR G LT, —HOXODHIH L %

B3 5ET /L TIE GRG HEIRAH O T EFALIZE L o7, LLEORERE NG
HHC 7~ v 7 OmAERE T MHT OTFENIAE S HHC 7y 7 OA—/3—2Z 7 Z |k - HIlHEitE
AR L TWAD Z ERH LMo 7=, £7-, HHC F v 7 ® t-T path 73753 GRG
WAL AN DAL T EFAL & W o ToRHEUE, AR/ X—/L D MHT 73 flat-ramp-flat 115
AT ZE, BEXOZDOIRA 9 Ma IBZETHDL Z L E2REBT5H. HA/N—/MIE
T B EIFEE L F DAL A 82 — 1%, 9 Ma PR & < 2Bk L TV AR W ATHEMEDS
WIZ ERHBNE RS T.

Email: torunakajima@kueps.kyoto-u.ac.jp
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BEIMERAR . IR L SREn e bRAER—L 2
Kurobegawa Granite: a tilted and uplifted block or a resurgent
dome?

O (FB ) JbIFSERT)

Hisatoshi Ito (Central Research Institute of Electric Power Industry)

AT N T RN T B BENE AR & A ERPIRE R, R TRb AV HIRIC
BHTHT VN ThLMRL JRLBNE, WA EROAERKEZIC, 7 L— FOEREEMET X
D, WEANMEEBIER L2 L LTW5D. B, BEIITE RS AIZEANC 80 FElaliz L7-
ELTWD. AR, ZORICOWTORRZBR_-V. £, BE)IHERERIT, Th
EHET DER - KA & KL - RRE G SR L 7 LT D BB RE RO AR
SHAEDRIZ/ D ETOWBEE O ICT D 2 &I, & LIV FEE Y g L)y <0
KILBES a2 ECHOEEEEZX OND. 2 2T, BEITERA L& 7 kLA
RGUZER L7 Y3 @ U-Pb FREIE, 250 EE - lECRK o, Yiraro
MEITLE O ORRZRL, BHINEREROKRY I L EBE LT, fime LT, B
JIHERAIRE, 7L — FOEMEIC L AHEIEL AR E T X0 b, BAER—AICLDME
B REBIZEY, BEORII/-T2EBEZ L FNEENTH D Z & 2k_D, E2R R
TR DBEY TH 5.

HIAE R A RIE, #5732 1.4~08 Ma DY /v U-Pb R EZRT. Do b, il
FARUITA R RO I (e~ T T AH) & B R oAbz A AR IR A T)
D2 EFMHELI. W CIIHEBVKER SV, ~ 7 IEBN Rl £ Tl Z &
ERATAH. AL, ARORER (BHL A6 7515 0.8 Ma 335N TE LT,
bR ORE (10 Ma OfERIE) 8T 25580 IHERAIL 1.0 Ma TH Y, EEFRE
RS BRI AR, 71— MEENC X0 AN EEEE Lo Thiug, &
RORGEBIZH Y T 2 B8R ERIE—RICRETFREZRT I EBIFEI N3 5 Tl
RN, FTe, FL— NEENZE Y, RTINS, BEIITE R RO O Y 80 FEEEN
THABD=RNFEZIZ . —JF, 1.5 Ma (28 7 F K a2 M8 H U 72 KR R
KDOBIZAERR LTZFHE R— 2N BE)IERAE CTh D T2 &, INT T OREIRETHY
IR FERERTEFNH > THOAREBETIERY. HEN—2OBREEEL LT,
RARTT O M ASHVT T THE, 700m/33,000y NHEINTIRVE, FER—-AZLD
Pl oD 2 C b B 1IAE S R DS IR IR N 2 BIE OB 2 AT 5 Z & id+27 Al he
b,

References:
[1] Harayama (1992) Geology, 20, 657-660. [2] Ito et al. (2013) Sci. Rep. 3, 1306. [3]JF L1 & (2015)
HEME, 121, 293-308. [4] de Silva et al. (2015) Front. Earth Sci. 3, Article 25.

E-mail: ito_hisa@criepi.denken.or.jp
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D3y U-Po ERBIEICL D
BNEHEICER T 5Pt~ &t ERRAREDEAFROHRE
Estimation of intrusion ages in the Miocene-Pliocene granodiorite
around the Tanigawa-dake based on zircon U-Pb dating

m o GREKR) . KHE 3esh, RKE X, BH FE (JAEA) REB BiF (EHX
/ME FRSA, #I IE, SRR DER (JARA)  BE SE (F#EX)

Saki MINAMI (Kyoto Univ), Mitsuhiro NAGATA, Shigeru SUEOKA,
Shoma FUKUDA (JAEA), Yuya KAJITA (Kyoto Univ), Yasuhiro OGITA,
Tatsunori YOKOYAMA, Saya KAGAMI (JAEA), Takahiro TAGAMI (Kyoto Univ)

TE A T — A T2 km~B km TIEER SN D 720, 31 Ma OFEWIE A 238 H

LTV 2 Hlsk Cidfid THEWREE - HIFINRE TWDH EEZBND. 2D DEWIER
ERO AT HRAIT T U — MURESRICEF LB 1], BARENTIE, 70
7 A DR ILARRCF S 7 4 >~ 7 F OFHR LIS v U-Pb AFRTH Ma £V
HWERAEDRHE SN TWDI[2, 3], iz, fEMEDO 7 var - T v 7 (FD) 5,
(U-Th) /He {£E72 & OPASHIRE DIRWEERTFIIFIEDORER NG b, T 6 O T
D TR « HIFDE X TWDATEEMENRH 5[4, 5], AKWFZEO X RHIR TH 5 511
JEDIE, BERE K-Ar (A2 Rb-Sr 3572 EOFERZAIMIZEIC X 0 fEMPIRE O &K (8
JIHEE R [6]) DOTERUREET T D & fEFT R & HEE STV 523, B AR
DG LR ZF TR,

AW TIL, HOWENEERTH 2 /)IEERPISE GRS A 1 HR & RIS R 2 H
R BN OB B il R AR PIRE (1 R 28R, L—¥—7 71
—a VRBPEANIC L D8R AT T A~ EEAHE (LA-ICP-MS) I2khonvaro
U-Pb [RINCAA AT 24T o 7. Rk E LT, BALTZHEAPEA TIL 3. 95+0. 14 Ma, PEAIE
RTCIX3.1940. 15 Ma, 3.32%0.15 Ma, A7 AAfERPIFEA X 109.353.2 Ma D=
a—7 4 THEREEE (WTNOBEREDOHIFAIX 20). A AEmERE TR
FERLT, 0% AL EmaED L2 U-Pb 448728 107-93 Ma[7] Th B = & L&
HAHITH L. RINEERPIBE TH DL FERIIOT Y, BATHFRIC X 5 R—ARIC
BOTHE SN TWAERER K-Ar /£ [6], BIOT v FT A8 L D .
ZOFEMRE, HHEBEOENE KM LZEANRERTHD. INOLOMELID, &
JIHEAE RGPS D B AFERUT 4~3Ma & flamfh T 72, 72720, PaRlEAR & PSR T U-
Pb FAMEZ Ll 35 &, 20 OFAERPHICHEICR D, Lo THRAPE KD 400
FHERNZE AL, Z0% 70-100 FEBREORIZHEAEERNEAN LT EHESIND. 5
%, WE RSO BINCASHIRE ORWEVERYE (FT 672 &) o, EiaoEE
REZHEET 5 Al-in-Hbl HUEREE T )52 O CEALARE DR - Bl 58 & fR B3 %
TETHD.

References: [1] Harayama (1992); Geology, 20, 657-660, [2] Ito et al., (2013); Sci. Rep. 3:1306, [3] Tani et al., (2010); Geology;
38, 215-218 [4] Ito & Tanaka (1999); Jour. Geol. Soc. Japan, 105, 241-246, [5] Yamada & Tagami (2008); Jour. Geophys., Res.,
113, B03402, [6] ¥ (2016) BHERII BAT EMEERAFTIRE ., 20, 85-104, [7] Wakasugi et al.(2020); Geochem. Jour., 54,
203- 220, [8] RIFEIFHN(1999); FINL, 12, 61-63.

E-mail: hamuminal18@outlook.jp 39



TREAL T 4 yvar s 8Ty 7 BERFEICHESS
AL oD FI I SR D HETE
Estimation of denudation history of the Kitakami Mountains

based on apatite fission-track thermochronology
AR GUR) . R, fERRFE, BULSIE, SRDHE, REFE5L (JAEA)
EN=YNNCZPN)
Yuya Kajita (Kyoto Univ.), Shigeru Sueoka, Shoma Fukuda, Tatsunori Yokoyama,
Saya Kagami, Mitsuhiro Nagata (JAEA), Takahiro Tagami (Kyoto Univ.)

HAE B AINATIMNE ClE, B ARMEEICIEAAT K ET L — N OB Z TR K3 % &

Ex bbb, ZORAMNE T, WHERHMEL N LB EOZRE L ko7 v R X
- T, HFELUHHE I TIER B2 WK A 7 — W RAF T 5 BELAE B 2 51T
WALl LL, HESRRER 2 7 — oW TR ERBMICERD RSN TWE DT
TlEeW. LR o T, HESRH A7 — L Ol - §IFHT — 21255, milikoaEHm
PRRAERD « BRI OHEE N EE & 72 5. A TIEVERSEZ W CIE R Lo HI#R S o
HeE 2 AT AL BIUHZ B W TR L 72 A B E A TH A XGRS T R A N T 4w
gy hF w7 (AFT) BV NarvT o —4(Zr U-Ph)EXER L. 2T, Bk
DOKINTEB O FLE SN D, b ELIHEZROE+ 7 RIS 5 8 S RMECEEIC kR
WG, BRI A B E U CARRIEEI ORI 2 HEET 572012, Zr U-PbIEIZ L 54
REMBFT BT 2.
FER L LT, 156.8~70.3 Ma @ AFT A%, 117.3 Ma & 122.7 Ma @ Zr U-Pb AN E S
ni-. £72, B r o EE =fHRECEIZ OV T, 44.3 Ma @ Zr U-Pb SRR E BN
o, N7 — 2B IOEITIFROR R EZRE L, At EILHoOREE - B 8L oG %
1To 7. BHFZEE L OUEATARSE TR S 7z AFT 2R 8 Ale ERRAZ BRI LT T e v |k
L7=& 2 A, AFT HERDDIFE T ~OEIRY, AHe RS IX a4 (L L<
ITHFT~DOHIRDY ) &) ZEMAEM DB S o, ZofEmIZkil 7 v FoBE)[2]
(D BB RIREMENR B 2 DD M, L r It TOKRIEE 2 44 Ma ZA I & 72 &
OETHUE, JEE o Ak RA OFRE & I THEIRD IS 5. db Bl
TSN TS Alle « AFT R BIZZ DO X 5 RIS ST, kii7ar b0
EZEDBA R FORBITEMH TCE B2 OND. LIERN-TC, db Lo iR 2
BN —kED D, FEAMEOVE T L (LI OFEE -HIFIC L o b0 e 35 &, BB X% 120
—90 Ma F TIFHR CELIHI R A i s <, K990 Ma ABEHR P CT—4k (b L <X
BAASEY) E Vo HIFIENE T TE S, ZOHIFHI ST ALK ILCEIEO A A EIC
HHIZE L F-oTEY, EHTIEALNRNE WS HEFH B E AN TH D, 4
BOMEE LT, OEBMGHIC LDEFRT —F ORFECHEE O |, QT Ro
i, @& PASIREDIROWEUENEE (BSRIERE) O, ZRENET LS.

References: [1] #iHIZ2> (2012) MU ZMERE, 118, 294-312 [2] Yoshida et al. (2001) Tohoku Geophys. Jour. 36,
131-150

(7] ARG IR FERLERIRINT—FEAZE TEROE~FH 2 FES LRIV ERENE O BRI
BT A HMBARESX WERERITEHHERNTSELRERE) ] ORRO—HTHS.

E-mail: celeStine2.165t0ne@gmail.com 23



TREAL T4y vary s b7y ZHERAIEICKT S
#4000S1C ifif B AR D F1
Use of #4000SiC grinding sheet in the procedure of polishing in
fission-track dating

PSR, BOYDR BEsIS (RR)
Yuya Kajita, Saki Minami, Takahiro Tagami (Kyoto Univ.)

T4 vvar e b7y 7 (FT) FREEIX U 0B RBESRHOBRIZERPIZRIND
BREE FT) Z2FHT2FEMRAETETH S, FTIEASE, EFHEEESE L AV Ridh
FBIERTERWD, L (= F 2 7)) ([Z&» O FBEMBE TR REL 72 5. 4F
RITHEFBEEE T TR SN2 FT B GRIE SN DN, EORHE L, BIZEm oA
HEL 725, FD =% laboratory T/L—T 4 AL ENT-WHEFINENFIET 5. TEK,
HERFTOT /3% A N FTIEIZB T HWEFIANE, £3#1200S1C MiAKMFEMK (KL 13
pm) [ZXY AnimaEfER L2, 16 um 2.5 um DX A ¥EL R~—2 L (DP) Hf
PEA T 24 BT 5. LAvL, 15 um @ DP (3#1200SiC MH/KMFEER O % 5241
T 72O IR #H > TLEY, £7215 um @ DP OAFERIIEL LT <, kit
IZE > TIMEEEE RELBIETFCLEIERNER->TW, £22TAEI 15 um
DP D4 ¥ 12 4000SiC HARMFEERK CRIEE 5 um) ZHWTEREZIT-T.

#4000SiC MM /AKBFERK 2 AW T FREICHE L7284, B8X % 750~1000 {EHEFEE CTHE
KD 15 um DP WFEEL ERIFRE F 21T L VEN/ NS WEER L 7e o 72, F -5 Bnlis
ZRAWTHIE L7254, 15um DP IZET DM IV b RMMENRET Lz, BELHL
SiC M/KAFEMROBEEZN =AY DP L0 b R&E <, EBICAET HRHN DR T &
ZHND. AFT EOFMRAELERELE LTS5 Durango Apatite (&4 @ 31.4E
0.5Ma (20) [1]) 122V T H#4000SiC MKW Z FHWCTHHE L2~V & RO FT @O
AT ST 24 0.16X10° /em®* D b T v VEENG L. ZHUTTEROWEE Tk
THE OB (0. 13~0. 16X 10°) LFEART, #4000 Mt /KAFEERR 2 FH V72 A BE 12 R RE A
N AT, AEREIL29.224.7 (20) Ma &720, BEFERE KT DH. £2FT
DEBRYILE Th D E 2RI 21T o7 & 2 A, [RIFFRIN THA000S1C it KRBT
FEMCA T T DSIFEE DA 23 0 BSBHBRIC B v 7=, LLED Z & 5> 5H8400081iC M AKHF
PERRIINER OWFEE UM DR 2 D7 5 LB 2 6D, ETMBEN/ SN
EIN D, MRS Z R HJ° DP W EE D #2517 > TU % laboratory T, #4000SiC i
KIFEBRROE NI+ RETH D EHEEIND.

LD & ZAR000 T KFEBROBILIZ R D7), 5% L5 Z & TEDR
FETHIT 20035 2 LI ETH L.

References:
[1] Green (1985) Isotope Geoscience section, 58(1-2), 1-22

E-mail: celeStine2.165t0ne@gmail.com
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Towards the zircon alpha recoil track dating: Test of americium

radiation source
o ORBE - RATET - IHHFER « BULHZ (@IRKT)
Taiki Nakashima, Noriko Hasebe, Norihiro Yamada, and Akihiko Yokoyama
(Kanazawa University)
1.IZ T ®IZ
HIERFAIZ B W TREARE I £ O BIG T3 LI 2 5- % 5 5 b N7 T — 2 0
—DOTh5D. BHHEEZFH LI-FRAEEDOOE DI, TV 7 7 BERHITEAEERE D X
B U IR S5 BRI AR 57 L7 7 U S4 L k5 7 B5(ART )35 5.
FYIEN(2018) TlE, ¥/b= T ART FRMEZIT> TV 5. Lo, FREEFmD Y
N TART 28 %, FRUEEIToT-EZAH, HIFRFSNIFEREV BELS AEDL S
iz, TOJRAE LT, ART OREDRNIEMESIZ KD ART BOE/NHE> ART DOJF
RSB AR 2N AN B 72 72 O R IRFFRTIZ Fefs] LT ART bitéﬂﬂ LTCWDDNE D MBI BIRN
ZENREBEZOND. TOZLEMERT DHIEOICE, YA a I NLIIZ ART 234 S
®, BIETHZLEBMETHDL. KBTI t.’c ART MBI & & BB 2 ) iR 9 5
BADAT v 7L UTC, I N TN ART 21ED HiEaMLT 52 2 AET 5.
2. NTLH)72 ART O34
52Cf ZFIIH L 72 2R (Hashimoto et al., 1980) Tl&, HZERHIALAIZ ART 234
EHDZ LTI L TWAR, 22CH 13T V7 7 BT T, HRENZET 5720
ARy 2 Y TBRICRIY AR EH R LT LE S ERNEH 5. £ 2 TR fimmm
ZRIRA LT, [FEROFERNBATRETH D MREE LT, #IRE LTlE, &@RKFET A Y h—
B Tl % AT 3MBq ORI &, 2 Am FIE D HE&BIICES ST bon o
R L7z, 20%, #EO RICEZE T TRE LW 2 oW, —ERFAE L, =
v F T H{THo T ART D TE TV DL EMERT L. AEITHRERE S LT, AZER%
MWTBIE AT 72, Imm W5 20 Bl L, FT v 7 2L E L o7,
BAER & B L
Bx RGNS = TIT o123, AR LOAERE M7 v 7 OFEICKE 221t
RN oTe. BIER ool iR E LT, 3MBq D7 A U o0 ARMEITHE
TR 1~2 ummD4 « NT VT A TEDILTWADTE®, IR FE T M~ T O
T COWA RN H D . £7o, MERLIZEERIIME LT AU 20 AR DMED
ST EMRETHD EZ 2 bID. EERIERE, ERIEICT AU T ARKEIC
FoTWie, ZoZehb, KVREOEWVESREZIERTE 5L 2 IZHE L Tn<L
ERHD.
References:
1] F¥iEn2018) 74 v a v b TI7 v/ =a—A L F—, 31,2022
[2] Hashimoto et al. (1980) Nucl. Tracks, 4, 263-269
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L—H—/3F X — & 3 LA-ICP-MS Z3Hrifil R M 3§ 58
Effect of Laser Parameters on LA-ICP-MS Analysis

OHEREG V- - IASIASL « RAHIET (&RK)

Yohei Ito, Akihiro Tamura, Noriko Hasebe (Kanazawa University)

—f%E9IZ LA-ICP-MS 1, (D) #Bt=7 a Voo L —F—7 71— 3 0,
(2) =7 uY Lok, (B) ICP h—FHNOZT a Y LdDA I Abd 3 SO BEFEOR
HEDENORER ST D . GUB O 3T R ORERE I L ONEEE L, 26 LA-ICP-MS
7rt ZADREMEO R, B X ORAELHET LR & OB ORBITIKFEL T\ D.
SBRKFTIIINET=F v b—F— (R 193nm) ZF|H L TR, ZEiEDEF
B2V YAG L —H—%E A L2, ARHFJETIE YAG L—%— (i E 213nm) ~D%&
FIZHEVY, LA-ICP-MS JIERE RN ED X 5 ICEBEEZ T 508 57201, L—WF
—T7 7=y a VEBETOL—Y— T X=X OEBOPMICE S A E X, B
B LUMERREISL Y hOZNZRTL—F—2 Ky fA X, TLT LR, LT
A —Y a3y b— N&ZEHE L LA-ICP-MS 5347 %1772 © 72. ICP-MS 43471 Agilent 7500s
TIT7e o7, ETHMARFELO LA-ICP-MS 3 #T I £~ L > R ZFIH L72354E, TR A
Ry hH A ZRENLRT f—2 g3 L— R R ED Ly F~DEFER KX N —H
—RETIX 3 EREEDOFHT TRy NOMEI RSN, £ 2T, TR0 HEH
320Dy, B 54T A3 FTRE 7R TR EE 2 A 2 LA-ICP-MS ot HORIE # 7 L
23, BRI AT IR FTEEN DR 21T - 7.

LA-ICP-MS 5T T b N7 0E Y 7 VIS - NiEREZ Ty U 7
L— g UERATWIREEICHE L7, B—h 730kt Durango 7 /3% A h & 3F Y=
¥, BAREERD BCR-2 & JA-2 & 3#rakkl & LTl L, LA-ICP-MS 2341 it SRz L —
—RTGRA—ENRIETHELFE L. VI VREEZFHE L) B Py RDSy
Wb_Ly MOMHEEZHZRE L. L—Y—0REE, BB ARy M
A X15~30um, L7 4 —3 3 b—h3~8Hz, 7/ T A 4~12]/cm?> CEE L7
T7 OOREEEMRL, MEARENL Y hTE7 L= R 6~8]/ecm2 C—E & L TANR
v A X 100~200pm, L7 4 —3 3L — k510 Hz TEE L7- 4 DORE % i
B UM &7 o7z il CIZAW AR Y b A XEEHNLRT 4 —T g v L—
E23, 8J/cmPRIED 7 Ny AD L—H—FHE TIL, RIS LN & HITED
INIZE N T2, MRREN Ly FClEzd v~ —P =10, v U v 7 AR OE
BAZ o<, MU - ANBIEEEZ T O MERH o7 ARy A XX
175um FRETHDL 2 &, FRMELZEEL LT —varb— b aeRETDH L
WEDOEWIHTICER ST, BHIEX 7 Ly M, BRSOV 7 VIR ~D R ITRR
EOFBNIZIED NS EThHolz. £ 7Ly FalEDOF 2V T L— g Ui bikEE
NWEIND I RSN,

E-mail: youhei.039 904@icloud.com
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Zircon crystal morphology of tuff samples from Kori Formation,
Oki-Dogo Island, Shimane prefecture

RPFEN (BIRART: - MEEE L)

Ohira Hiroto (Department of Earth Science, Shimane University)

DL OFERIZREDFEH T IE TV ol STV D, BN TIREEN# S TE
|7 FEE LTHR (1990) 12X A5 ER BV, BRI OEIKA OXtb7e Sz L
TBInd 5 (B2 L@ - A, 1991). BEFEIEA (1997) X OFIEICHEHL T =
VG ERTERE DFe S & SR 6D, Pupin (1980) DOFRENICAEMA L CHRLT D HEEZRE L.
FIHARRE OO BERLFBREICHEH L T\ D (FEERIED, 1998). AFl, BRI
AT B Kis OFERE ZT W T, REHCE EN 2 Vv a v ofEihErkE %
Pupin (1980) DHFIEIZHE> TR L7=DO THET 5. x5 & LN IRRIR 5% 12
i3 DR E OB e UNBEIKE) TR 19Ma O FT AN E LN TWD. BB ERYE
[ZHAET 5 HHBICHAET 28KE (t4) IZOWTHEER L7,

Pupin (1980) (/v =2 OfEmEIZH T 5 {100} & {110} OFIE, B X OEERIZHKIT 5
{211} & {101} OFIE (X (301) I h L DWW TR RER 64 X A T IZK Ay LTV 5.
ASENFV v arE AT A4 K77 22, iR Uiz < 00O i i O B 82 1Al % B2
FHIIL TNV a X A 7530 247> 1=, 2 OB, HEm OFEZ -2 C i gm il (L)
EATA R ZAM (CFAD) THIE L.

INBERIR S IZ B END P 30 RIS HOWTHIE L7 i 3L, # A 7 S23 28 12 ki
THRLEL, EVITETS2 LV &5 X247 (524, S22, J3, S18,S18, S19) IZX4)
iz, ZD7=® Pupin (1980) O TITHEMEF L TWD EHIICRZD. 2D
BRI A I8 T CRESD, AYE, BREFOIE), ZEOTT AR (Y FARIENCR, AR
YUW) BER, BEERESERWVEERHERER TS, O LD ks HRE L
Dy OfERIERE S IRIET T2 LB 2 o5, Fhucx L CTRREEO HHEIC
e 2 ks (t4) I END a0, ST, S4, S12, S17, S2, S11, S13, S19,
S20, S24, P2, P3 MEF 12 XA 75720, Pupin (1980) DA TIENR D IX SO
TSR ZZT 5. 7/ NEEIR S TR0 72 S23 A4 7O U2 3 Z OREHZIE A<
GENRNZ ERDoTe. ZOREHE, W E L TRE, REA, BELEERD
O e &R, TOFNELER (S EEZ > B5R) &KLl 7 A2
ZLWEER DD . 2O XD ki b B END V3 ORERIERED ZARMEICBE T 5
EEbhb.

STHER

BROIERE (1990) HUEZAME, 96, 117-123.

RESEVEAT « LG - TEARE Z (1997) {H@H#E, 8, 149-155.
RESEVES « TEARIE . - HEPIETR - oLsETE  (1998) fEHRHE, 9, 65-72.
Pupin J.P. (1980) Contrib. Mineral. Petrol., 73, 207-220.
EREHERST - ARIEME (1991) HWEFMERE, 97, 451-459.
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Risg TL/OSL reader g &

Risg - Lexsyg M=ED OSL AIFE TR SNIZHFMEREDLEER

Risg TL/OSL reader refurbishment and a comparison of equivalent
doses determined in OSL measurements using Risg/Lexsyg readers

lE SR (AR REAFTFN)

Ryo Hayashizaki (Central Research Institute of Electric Power Industry)

I RAFIEFTICH D Rise TL/OSL Reader % 1997 AF#lC, EAYUKEOET/LIT
TL/OSL-DA-15 T& 5. 2018 FITNJRALH L, RAMEHONLF 7 45— (BG-3 « BG-
39) & B MEAZBEINT S Z LICHA T, Controller IO LDICHEH L=, Ll
235, Rise TL/OSL Reader OAYKITEAREDO EE ThHo72. 2020 FFOHANIMEAT L A
FEOESNRBETDHLEEBIS, AT U LAT 4 AP ITNENDEFENEELEZ. To~
— 7 Riso WHEFTOHEMEINC L HHRT, MAT L A M ERBORNEHR LIZEZ A,
Wi & BIEFLNMLELR = L Ny o72. Rise TL/OSL Reader AADFEAITHE VDO TH D
7o, WENRNZ LR ENGEHIIRETH Y, OB TE L LTH 2Ol
BRI A E 72 SIS LRV, 22T, B L A > FOEFITINZ T, HAEoOF
H & 72 Rise TL/OSL Reader ARIKDUIEA Riso WFIEFTIZIKIEH L 7. Rise TL/OSL Reader
DOWENE, EARRICT o~—27 O Riso WIZEFTCEMT DI LIZR>TND. ZD2D,
Riso TL/OSL Reader %7 > ~—7 @ Riso WIFEATICIEY, &L MBATL X v FOEH %
{To7=. AIFTIL, Riso TL/OSL Reader DUIE - (EFLD = DOfifiH A D Tt & 0 H,
EERE CIZE LI, BAROBBITRAE L-RER Sl W THET 5.

TP R FERT ClE, #7212 KA Freiberg #E#l ¢ Lexsyg Smart ZE A L 7=
(Richter et al. 2015). Rise #FZZAT® TL/OSL Reader & Freiberg #H81¢D Lexsyg >V
— X ao oSL AFAERANERERIT—E L TEBY (Lomax et al.2014), M3E@E(CL 5
OSL HEFERITIZE A EEITRNVEBZBILTWSD. L LN G, WMZEE TITEMNIL
/J"? WFET 4 VE—DOWENE) Z LTI T, M= A MIEKT 5 Thermal Lag

\CHEBRNEET D, £72, T H U EAD OSL JIERHREA LB L-613£< 2. 22T,
FRE 2 BT DO DI fE L7~ Riso TL/OSL Reader &, Lexsyg Research * Lexsyg Smart (2
BT OSL HIiEZ TN L, ALEE CHIERRICERN DD O0DOMREIT T, AFEKRT
%, WFFCATR O OSL AR ERE R 2 L3~ 2 72 OIZEA ST 5, SR &SR oA
Bkl Murray et al. 2015) OEIERER &, ALMEESFHRIFILEICH 2 EHEREY T O
Y EAORERERICONTHET H.

References:
Richter et al. 2015. Geochronometria 42, 202-209.

Lomax et al. 2014. Geochronometria 41, 327-333.
Murray et al. 2015. Radiation Measurements 81, 32-38.
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7L R RR BT LA O TLE %
Thermoluminescence signals of various materials
related to pre-dose methods

RS (REZFR)
TAKADA Masashi (Nara Women’s Univ.)

HIR~400CETIZABND TL EHTREIL, ARRL 7030 5 IS O U it & M
BAEET 25603552 &5, TL 13IE < BEFHECHEOFRRE AW ST
7= (Aitken,1985), F7-f3ki 1D 325°CTL 15 5O —EBIL, fk~FAOBIEIZL D
AN~ OFBISR Ob/L I R v & X optically stimulated luminescence; LA T
OSL ; Huntley et al, 1985; Aitken, 1998; Murray and Wintle, 2003) & BRI\ & b
FHILTEY , OSL FAAHIEET, BV OHBRERZHEE T 5 FEE LTASHVD
N5 X917 > T& 7, OSL AFRE & B9E LT, OSL 55 DflliER., HKHD > H
IZ OSL G5 MNEME T HBR LB TE Y (recuperation), Z DHEAN 110°CTLAE 5
R 32BCTL G &aEAHT M7 v TnbDETOBENEMR L TWD Z ENRH LN
SN TW5S (Aitken, 1998; Chen et al., 2000),

TL <° OSL Z I U 72 AFEAGHIE T, ARWRIHR AR 2 OO SRR A (56 L TRREEDS B
WZ & EZFIH LT 110CTL E 5 % MR IR Sk D45 5 0 28k (EEEZA L)
BEART IS L LTS 2 LB 5 (1 & 213 Wintle, 1997; Chen et al,, 2000 72 &),
£/, 7L F—X{E (Fleming, 1973;1i)1l « &AL, 1985; Nagatomo etal., 1988) Ti,
TE570 R VAR OB 2 3t G & L7 ARRINE S R T < BRElE i v
bIbdZ Ebd D, AL T, RWIHER AR Y O FURFRIRSTIZ &K > TR FTRE 72 45 Flt
Bt 7L« R=X1EEBAfRT 5 TLE 5 OZFEEN OV TR 5.
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RO R DA% Al L & Ti b OBV ENE
Thermal stabilities of the Al and Ti centers in quartz of various
origins

NAEA - B ET (R LERR )
Naoya Obata + Shin Toyoda (Okayama University of science)

Al Hr & Ti by (BRIC Ti-Li, Ti-H) 1 3A%EOEFE/2 ESR F.0THY, ZnboH
DB O ESR 532N ENBLZENEN R D Z LR o Tnd . FRJIIE T,
N7 o 7 EINTEAREFOFEMPROE D ETEHFREIV L TFDICENZ EBRD L
AU, Al FUl & Ti FUMCOW TR T e S b, Vet Utk sy
v N ORENIEE 22 5 WiEREIOEAIZIL, ESR F.L 280U & v FOREOEE
ICHWD Z ENRBEINTEY, ZOMIZHEE D S IC R 5B EMEOEWE, BE
ETHRIRIE S BEZ T 2 BROREZAL DD RN By D EREOIFES, L 2ExR
B DOHE/LIZODT e — NEFEOFREEL D Z LR S5,

ZDOXHITHEIOBZEE A MR L TR < Z &iX, EM/e BSR R EED - DICE
HTHDHELDOD, FMINCERT HIZITT —FBARELTWAH., 22T, EBRORRS
WL ODDAEDENG TEVE 2 MGt 5 72012, FRTONMNEC RS 0 Stk 2728 2 7= 555N
BERR (T2, BEETITHEEZ KA TZWEHE, A=A T U T « 7 U 2O/
CIEBAETT 7 7 BHH L7z 100-200 imDFHETH 5. FETOMEVLE: L, 400°C
F7212 600COMETH SN UDESZ Yy b LEREZLZENICHOWT, #1000
Gy F 72138 5000 Gy OFRE %47 > 7-#%, Toyoda and lkeya (1991) %% Al, Ti-
Li, Ti-H . LOEEN ) A XL~ & 72 % F T 20-30°CHIE COEME B L, ESR HIE
Zf 0 L7z,

TIUARVNNEWHBEFT 7 7 ORI 5 L, midkte b 360CT Ti H.0LD
ERIE/ AR LN ERDEDOD, 7T ) AR UJNOAFETIE ALH.LOE S8R 240C
FHEN DR 2 I LTZDIZx L, IEETT 7 7 OAFETIEL 180°CHHI M b AT I
FL, 240CT/ A XL tieol-. Al FODOEENEE LD HIREEERIZY &
v P ENDIEEICREREVNDRO L. T2, 7V ARV OAR T, [FURE
ZIRET L7722 b0 b 5T ERIC 400C T =— v LBl L W b 600C T =—L L
=3B Al FLDESRENNEL, /A4 ALV ERBIBEBIRLS Rolz. ZDZ
E1E, 600°C TOMETITA—NVE T v 7T 5 Al FLORIBERNTERT 5 2 & &Rk
LTW5. Al FNZOWTIERREHT X 215 5T 0N & B X 23800 721 2 #8143
THDOTIFL, ABMADAER L HBABET 22 LR BERAEENRH Y, BidT
— X DBINBSLETH 5.
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PIRIR ages of Late Pleistocene lacustrine to fluvial deposits

at the southern Jordan Rift Valley
MR (EREATRGHTIER - AREED T - PR — (Al EKRT)
Toru Tamura (AIST), Risako Kida, Seiji Kadowaki (Nagoya University)

LA DOFEHEHITE S OB %, Wadi Gharandar (213, FEBIH A #SEBRASSE L TWD
5. ZOHSHIIAE, W ERoOEEREE 7273, Wadi Gharandar (21X S D
WO R DBEENBEIND. 2O OHE L HIEIE, Z OB TKEIEIC
BEThol=Z L& L, HEIHAZ O _EEIHAZRRHRIZ T TO NE OB ECARE
a5 ECEHELSME R TH S, Wadi Gharandar O Bt i B S CHH £ 72 -
75 600 m, FAAL 400 m F2HE OFRWFIFHIZIR B A, HiEEZR SlC X 2 TR
XD ONTANC EWNHERE L TR LI E 20N, ZOME SR 4 80
HEFERRHI KT L CRA pIRIR AR A JE L7z, FArLY 7146 ka, 70+7 ka, 57%5
ka, 81£7ka E A TOWIENH D H OO, —H L THHIHA R ROKBEOFERNE D
Nz, JATAFFECIER CHS LV, 70 ka 2°5 125 ka Of % OSL 42 #H5E L T\ 5
23, Z OO A HED OSL FeEIEFAMEIZARE T, AWFFED pIRIR D AMEHH
PEIZEWEE 2 bRD. b d pIRIR BRI, EFEOHEIEAZREBIOFENR & E
v, Y4EFD NFEH Wadi Gharandar OS] D/KZFH D (Z G HIZSL B A -T2 D EFEL
720 LCWERREEZ R L TV 5.
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Preliminary report of Luminescence dating
of Barchan dune deposits near an Archeological site

O FRNAE. (NZ1EX) - Jaafar Jotheri (Al-Qadisiyah Univ.) « Zf T ({&K)
Y. Shitaoka (Rissho Univ.), J. Jotheri (Al-Qadisiyah Univ.), R. Anma (Tokushima Univ.)

A 7 2 @ Dhi—-Qar W& Alrifaiy >S5 ¥~ 15 km, ¥ =3 Jokha DFRFH 6 km O =ik Hh
HAZNLE T D Unm Al-Aqarib (X, A VAR Z I 7 OHRETEBICH D, BEIL, ML
BEUR DR BV, W EIZE DTV D,

Umm Al-Aqarib ZF > TWA EIX, MIZEEE THERTH E. =» AR (o)
WEDIEIRE LTS, SANCEEIZZFORRE Y ALFERIC X > TREEO ik
B LTCWDZERDND, AR, BHITE T3 7 FTO/ SN HPE (D~Ds His) i,
JECEAR] By & By) EEVTH (F) TWEHEREMAHRL, VIRy e AEEZHNWTE
DOHEFEFAREHEE L T2,

b EHEREW) 7> 513,100 pm F2EE DA R 2 Lo, 2 a v I % v & A (0SL)
HELZEZ A, OSL{E 5 1L fast component 23ME & A FBIERTE o=, £ Z T,
HTIET Y —FTERVWEL IRy LR (TL) {5 (residual TL : 77 TL) ZEL
51< = & THEREAER A5k oD % Total bleach-TL & CHEMM R A WAE S - 7=, TL HIEIL.
multiple grain (2 X AFHIFREIEAMEH Lz, TL O EIL, EEBENKE/NE
W2 ERTHEINIZDOT, 380~550 nm (M) & L7z, Residual TLiX, &Y v 7tk
TANT KIS AT 5% AV 8 BB (2 TL e L CEllE L7, ERBREIL. WE
HEREW > D S D U YRR CSE (U, Thy K) IBEND RFED o 72,

TL ARGE OFER, 3 S & bz, B _EAlo—E & B R OFEHZ W T, i L7
HYED TL 38EEIE Residual TL SRE LT, b LI EL, EFEHEEITIFTIEO0 6y T
bolz, ZOZENDL, WERITHAELERICHNTWDLZ Ehbhotz, 72721, 3
REBE MO 1 7 Frd o C, FREIEN 0.23~0.31 Gy L LfES v, 2 HHIE
F—2 1%, TLHIEH A multiple grain L2 DO TR AT LD TLIESDIES
DENRRKENWZ L LERTAILERNHL LD, RO Y By FRREETH- T2
D AFONTAAROFFICW OBEERENS L0 6D Lpo< D EST2b OBl E -T2
Ny b LI ERRICERZD DFERE/RL TV D AREEORIML B D, 5%, 8%
O TUWETZ,

Lt OFBE L Ui AR EI OF D OSL 1% fast component DS EAE L2V E DD,
Total bleach-TL ETHIE L72fER., MBI OBRBBEEIZO0 Gy THHZ ERbr-oTH
HOT, A5 OSL Z R L, 0K LHEEIZ L 5 OSLAE B OEHEBIRN ED L Hin
HEUDDONEREERRT-V, £, BWEMICIIEAGED L EENTEBY ., E k2 H
WTEAD pIRIR JIE HRA THRIZNWEBERITHTH D,

E-mail: shitaoka.yorinao@rissho-univ.jp
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& =1 Valley of the Gobi Lakes (23317 % 5 WU A% BIHER Y O OSL
&I MEERSEARARTE &~ T A TIARIZ IS 1T 2 KRB~ DRI
OSL and radiocarbon chronology of Late Quaternary sediments
from Valley of the Gobi Lakes, Mongolia and implication to the
glacier retreat in Khangai mountain range

H+RHER (2RA) - Uyangaa Udaanjargal, « BIAYBET- - DEFEL - B0 -
Niiden Ichinnorov - [ & # - Davaadorj Davaasuren - £ {1
Yudai Igarashi (Kanazawa Univ.), Uyangaa Udaanjargal, Yoko Kokubu, Takahiro
Watanabe, Hitoshi Hasegawa, Niiden Ichinnorov, Nagayoshi Katsuta, Davaador;j
Davaasuren, Noriko Hasebe

AN FAA LT FVHEHE [Valley of the Gobi Lakes) & FEEALHIHAEEH LT
HDRIAFEL, Z OHIRDOTAD 7 KGR T DN T A LURO I LE S 5 TH
L. AR, AL CREI SN ERa7ica%, Y Eazxtg s Lt
fLL I R oA (BUF OSL) AHARHIE & HfEY TOC, fWkE, Bilbazxtgil L
T ERFE (LT 4O FEZEAH L, RO - MiEta1r) 2 & Thrag
Iz 381 2 Efee ) e RER BB A2 f2 k5% .

OSL A E MY > 7 vix 170LG02 75— EMIR T 7 S 2RI L, HEXT SR T
HHAFENVEAZSEELT-. EE 470 nm FAMEYEIZ XD A5 DO Blue-OSL,
830 nm FRAMAEIZ L B B Y EA D Infrared stimulated luminescence (UL IRSL) T4
RWE Z2FT72 o 7=, BCHEMRPEH Y > 7 i, 170LG01, 170LG02 =2 7 75 TOC
85, MiWFEd 6.5, BAbfA 3 MAERELL, JAEA HEMA Y & —8 X OIEER Y
MR ZEaT CHEEERE B o at (AMS) (2 X W EMRIE 21T/ - 7. AR E #R I
Intcal20(Reimer et al.,2020) % 2 L 7=.

A9 OSL4EfR13 0.6 0.1ka 7° 5 10.7+£2.5ka D%, » VEADIRSL %, 1.1+
0.1 ka 75 52.9+5.0 ka DEFHOMEDF DALz, “BCHEMRIL, 1.4ka 2D 48.6 ka DfEN
oz, TOC OFARIE, R 40 cm 7> HIREEK) 400 cm (22T THRAROWEEN & -
7273, BAA B L O OERILIE — ORI 2 BEIME 7] 207 L TNz, RAFZE©
%, BRE 750 2 cm DOR—E T3 KOEMEELZREL TEY, TNH6OHEMN, BX
MO BCIFELS —FH LW, BLEXY, uWCHEREBMOGEETENEEZ LN, BV
FAIRSL & UCHERZ T 5 &, % 580 cm, 870 cm, 1050 cm @ IRSL 44X d74
FZERIPAN T UC AR E A Th o 72, A E OSL FRUILEND L IFAR—H R EWE
o LTz, UC OBREFRN %, REESMELTRL, R 73y 7 — Bchron (Parnell
et al., 2008)% W\ T, FMR—REET VAN L7z, ITRAX XRF A % ¥ /(2 K- TH
TE SN HIERL 20T — 2 3 L OHERWRE L 0, BRKITEAA X2 RAVRIE STz &
NHY, THHITME LV 550-560 cm, 850-860 cm DIEE THh-7-. N HERaT
DOOWHFEROEENFEREE 5 2, AL I CORELSEEEGLHEMT 5.

E-mail: igarashil012@stu.kanazawa-u.ac.jp
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Heating and dating of gravels excavated at Hagihira site
Rz k—, Bm o (MILERRT)  RHERE (EmEHRT)

D.Haranosono, S.Toyoda (Okayama University of Science)
K.Nagai (Aichi Gakuin University)

BB R ) | B E T 5 1 TFERATOEM Th 5, Z O@BiN G
2019 4EEOPE THRENH - U-, 4 U72BUIA B S NARIZRWE N H - 72 L R
Pid, BEOEFAIZEEND A HA VT ESR IZ X 2 #EHEE & FERMIE 2R T,

BmEFO LR ZX 1177, 5 E»OERSNZEE No20, 21, 55 @ 3 ikl 4 &
NHERER SN2 EE Nob57, 2152 @ 2 3Bt EF 5 3kt 2 v -,

PEHETE 2OV TUE, Gl LAk L7-3kkl 2 2 0 % % BSR JIE %17 - 72, EFF No2l
IZOW IR IZ BN D B D T2 DI ONER L AR D 2 & HIE Lz,
BIER ., W ek 2 300°C T 15 M L T LI ERIE L, S 512 2500Gy D H >~
ZMRES L. 300°C T 15 43 INE U CHIE 21T - 7=, AFEAGHIE IR0 2 Bk L 7= %% 250 u
m~75um ODRFBIZHML TAHAEEMBT 272D 0(F0EZIT
0,100,200,300,700,1000,2500Gy > # >~ #t % B&t L. ESR & 247~ 7=,

WEHEE TIXRIEHE T E LD A7 ML 7Z, B No20, 21(NER & 4
). 57 IZOWTITHARDIREE T ESR JIE TR BN S bz, Db aif ik
IMTFEL TWDT2DMEE ST, b L<IE 600°CLLF OIRE ThEVE Sz
EEZ HIVD, B No55, No2152 1 2500Gy D H >~ fi % st L7-% b5 503 e <
SR B O EARE N E WS AL H DN . BEH < 25 ORECIE600°C
VI EORE TS R ZEILNHEE LT B2 oD,

FEAHNE TITEIRAE T AL F0 KO Ti-Li FLD A7 ML ABRILEZ, 250
IR O BINE D DIREIRRE A 1S, Rd. B No2152 XA DN T 7
Do e Te PPN EZIT A 2o T, FRBMERIZOWTIL, 7 v bKFBBEHNTH
WORMEIRRLUT-T20, TIVT 7O %2 4 S >
L, _R—=FBEEENT OB EE W=, H
~HREAT IR BN & R R T O T o~ &

' &=+m
DB E A LT, B S
2B No20, 21, 57 1% 100ka F2FEDFERE < L, = Eb
ZEF No55 13 Al HLC 40ka, Ti-Li 70> C 20ka O |- .

FRZE R LTz, BEENOBS 135 IR R+ 2 Rt i —
ThHZ LMD Ti-Li PFLOERITESEDH S - =
FRTH D, WEHEE OREE CTEE Nob5 1EmEiiE J/

TREDITND Z &M E 2 OEIT Z OFRITHE il

Pz EBZ BID, FOMOEHT OV T i om
B E DFEED S MBS TV AR L < IHE ez BE
WIRE TOMBE WO FERDNHFELNLTND Z L S

Mo, BN TREN) By by, & (1 #EEp o 1™
WAERZ TR LT ER D LBEMEDOH D &

%,

References:
[1] EFHkIAMR 2020 [55 %0 RF ) | ESH O R A S BEBE o0 B350 8, 6 ]| (AN Be K225 o 52384
FHAWRE 29) BAEBRERESUEEESL R 4 B

E-mail: s20pm03hd@ous.jp A4
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CL emission in barite affected by lead concentration

&R T ST P (R LR R )
Makiko Tomita and Shin Toyoda
and Hirotsugu Nishido (Okayama University of Science)

WREEYESE) B 9~ 5 H it (Barite: BaSOu) 1T BV KFLIRC “IRELIR, HEREILIR 22 & CRE
MU, AP eEE LTA e o F U LARmaeaie, BHL IRy A(RL)E X
NIRy B RAZHWIEEITHIE T, SAREAEFLO1IODTHLZ ERRINT
(Guft et al.1985), S EIHWD Y — R I %yt U X(CLIIMEICE 4 RE L
BUCAE LD RAEBGETH D, BOME, A7 MLE—27 72 8O CLEM L, WEH D
Ay &G S E A OE K MGICKTT 5, AR TIED Y — v Iy 22N,
HEATFORBEE L CLIBEDORBREAL TS Z E2HNE Lz,

SFREEEE U TR A BT 53 25 MO KIRDESLA LSO 2 By 2k &
I AREM G 2, ARRES A LR D 7 A (Ba(NOs)) 3 L OFilET b U 7 L4
(NazSOs), ISR (Pb(NOs)) DKIEIK Z A S/, $hx B EMA DA EIT 512,

CL A PV AERREFIHKSE JEOLJEM-5410) & BT F43ds (Oxford:
Mono CL2) Z#AiA 72 SEM-CL 2 H L | I E#iPH 300-800 nm T4yt &7z CL %
WEFHUEE PMID) ICLD 7+ T 4 o I X TEERIT 12, MET —X
9T AEHESLIR 2 O TR 73 K OSEE 75 (PMT) O IE % fti L 7=,
HIE LTz AT RV AT LT-AER, —E O KAREM A B L OVE R EM A T 350-400
nm (UV-FEMEE) (07 0— R ENR SN,

KIRDOEILA % EPMA 8 X X MA-ICP-MS % W T LS00 247 - 7248 5. CL 3858

g RBHIEN & R 27.8 wt%e Bride 2 L 3y o Tz,

KIRDESLA D Pb 2 L CL 3L
BEOMEBRERIE A,
5000ppm F TITMENHEML, i
VL ECIHBEMENBET L Z &N
ot (K1), REROBRIIEE K
DESATHEIERINT, SEIOH
ED, Pb EEILEMA D CL %)
DFRBF L OMEICHEL 5 2 T
LHEEZLND,

E-mail: s20pm02tm@ous.jp
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[1] Gaft, et al., (1985), Phys and Chemistry of minerals, 11, 255-260.
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ANDFIH 2R RIZ L7z Lband 88+ A & HIGIE 2 W T2 &l E
TRICI T 2 1 DA 2R 22 S 08 R AT 5
Influence of tooth geometry on L band electron paramagnetic

resonance dosimetry using human molars

e —B8 (ENZOREEERER AR FOERE - =% (&R EHakT - 7 ) —t8
Vo AP LA RS (RERT) HE—Z (BRKT)
I. Yamaguchi (NIPH) Y. Nakai, M. Miyake (Kagawa Univ.) Chryzel Angelica Gonzales.
Yasuda, S. Hirota, (Hiroshima Univ.) K. Inoue (Tsurumi Dental Univ.)

ANO & 7z EPR (BT A B 4008) BREGHINE, JRE - Rl O R IHREA Ot

E?Wﬂﬁ iz %Fﬁﬁﬁ INTETND, ENA /LI in vivo tooth EPR dosimetry 25
. KEHF — k< ARZFD Geisel School of Medicine THA% S 7= DO T[1], —7 =

XZI/I’/I/E!) it iiﬂ:k“(ﬁﬁ%ﬁéht%@%ﬁiﬁﬁT &fﬁofb\é[Z]

ZDFFIEIF, BHEELR U 72 S AR v S i 55 L BEWIE S EHRD b
—VIZHRANATRETS & B 2 b, BaghiE< l:f?%m \EJ: SV AR e e
BEPEZAENTERC, ) 7=V ORDOMEFMHIC WD Z LhE X 62@60

oo INETHREW T TR < B2 2 & TSRS IR 2 % T AR
HRERIEF S T HE SR S, FRAREFMIC LAV OND LB BN D,

ARREETITRAE E LTHW SO T ANVEDELBIMEFDORE SITEELHT-
L2 EPHEBR SN TV D3], LV EGRICEHIITE 285 L LTl ORI 725
frefEm & OBRERGEL . HOEALME S L BRI 5 2 & 2B L7z,

LSte. BURBICIREE L= 2 ICBIRIES ZWH a2 W2 & MEHEFOEOMEE
EOLZERTENTEEZLTVD
EPR (electron paramagnetic resonance) tooth dosimetry has been applied to the dosimetry of
atomic bomb survivors in Hiroshima and Nagasaki. A mobile in vivo tooth EPR dosimetry device
has been developed at the Geisel School of Medicine, Dartmouth College, USA [1], and a surface
coil-type resonator developed at Hokkaido University is also available [2].
This method is considered to be applicable to triage for emergency medical care when workers
are involved in an accident where emergency medical care is required such as a nuclear accident
and a large-scale radiation exposure accident. In addition, the signals are detected not only in the
affected animals but also in patients who have undergone radiological treatment, including
radiological diagnosis, and a medical worker who has engaged with interventional radiology,
and are considered to be useful for post-event dose assessment.
In this method, it has been confirmed that the thickness of the tooth enamel affects the magnitude
of the signal [3], adding that the relationship between the geometric conditions of the tooth and
the signal was examined as variables that can be measured more simply, and it was confirmed
that the thickness of the tooth is related to the signal.

In the future, we hope to obtain a wide range of people who have been exposed to radiation to
further validate the quality of this dosimetry.

References: [1] Miyake et al., Appl. Radiat. Isot. 52, 1031-1038, 2000
[2] Hirata et al., ] Magn Reson.190,124-134, 2008
[3] Umakoshi et al., Health Phys. 113, 262-270, 2017

E-mail: yamaguchi.i.aa@niph.go.jp 16
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Preparation of national standard human tooth enamel

- Comparison of dosimetric signal formation efficiency -

FHes - BmE - i c 1 (MILERART) BiRED BARY) MES (AR
T IWRFERRFEREAE) LD —BR (ESLARAEERA D) HE—2Z (BRKRT) fRETE
B R URBRT) ARS8 (MERY) =X (FIIRF) kEHz (EFF
FHANMIZER JEMAR) B IETR (REKT)

A.Todaka, S. Toyoda, M. Tachi (Okayama Univ. of Science) T. Shimazaki (Kumamoto
Univ.) T. Oka (Japan Atomic Energy Agency) I. Yamaguchi (National Institute of
Public Health) K. Inoue (Tsurumi Univ.) H. Yasuda, S. Hirota, (Hiroshima Univ.) A.
Tani (Kobe Univ.) M. Miyake (Kagawa Univ.) H. Mizuno (QST)

M. Hoshi (Hiroshima Univ.)

ANDOH % Hu 2 ESR (B A v J40ig) #REFHRNE, TR O RIS X 28R 10D
W, IO TEMAMIITORIZN, 20k, SF S FE W48 CEBIEHERIDER S
N7 8 BUETIIfMEL SN TiEE LTEMEES N TE 72, BUE. ADOH % 72 ESR
MEFHICIE, EEERE 2 W= x VT L—y g VEZHWAOR@EEITH Y | R
FEOMREFH 21T 5 MFIEEIT, TNEMA OEHERR 2% L T\ 5, LavL, Z
LD 2 B TR EFIFIED TR SLTnD EIEE xRN, £2C, 4HE
W CHGADEEAEG R 2 VBT D 2 & &R LTz, 7272, Z2O7=012id, HoxTF Ao
OB T, (EEEIT S M REBIRE I ENE LW EBMETH DL, 207
DIZ, EN 5 DOWIFEETH DT T AV OFRE ATV WIS 63 2 8 o ik %
Tolo& A, FEICERT D EEX LN ERITFBO LN hoT,

Ltk BFRECTTZF AVOMHIEEZITV, ZThEEHBRAT D LICL > TOF
UL L, H o~ BROIEYERR I 21T > CEHERE O v NE2ERT 2 TETH D, T2,
RIS, BRERMOBRE 2 ER L <, BEERE E —ICiHl 2 L CRE K Z1T 5,
EHal O MBS 52 & T, BENO—EDOREL ZICBWTH, EEbIhi,
DT T A )LD ESR MREFHANAREIC R DR L TENIT & E 2 T 5,

References:
[1] Ikeya et al., Jpn. J. Appl. Phys. 23, L699-701, 1984.
[2] ISO 13304-1, 2013.
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Study on ESR signals of quartz in granite around Osaka Bay
to evaluate the origin of Okinose quartz sand
AIEREE, NS, BN (MR NI EEREE AT FER
Ryo Kobayashi, Hibiki Kojima, Atsushi Tani
Graduate School of Human Development and Environment, Kobe University

KBRIETXHE= NHEAL BB 3 DYk Cd 5 . BIAVERE)S & G 5 12 km Q4SS 15 H)
W20, KT 25-45m & JERDUEEE & HelR U T & I AN TEAE L, TEIEREICIX
BE 20-100m Oy RU=z—72BHENTWS L o Ry = —TTHROER & 72 5
BRERR EOREBEBEHEIZOWVWTONEN T I 2L —a L ICX0iTbhbRTWa R 2,
P Ry =T OBFEICOTEDBETIIZOBIIRD ONT, W/ MHICHE L TH 2580
WO EDEHIZBENL CEXTONIHL I TV, i BHICHERE L CTW Ao KE5y
NAFETHDHZ LD, RIKEEHEOERER X ORI S ICE NG EDEFRTIE2Wn
MmETREND. AHED ESR G0 LREHEE 2T T2 B 5 2 L2352, AET
IZFORFEEZRFETHRAE LT, o L IEREE RIS ICE EN 5 A %D ESR %
HEL, 20O ESRIEFRELLANSLZ LICE o> T 7 BICHERE L TWABORIFIZIED Z &2
TE B0 aikim LT,

KBRB U OIERE B L OE R BIfa 2 Nk (6 3R, sk (2 &Kk, MKE
(8 B 22OEFWM LI, N R Ty vy —Z T L, B 500-1000 pm D & D %
10 wt% HCL 1232 L e U7z, eidi%, 30 wt% HoOn 1T B OV —BeifE L, Egioi4dy
DA TREESE A B B\ -, & 51T, 40 wt% HF (i 2 BV 24T - 7=, F£7=, #h /7 #
DEHIL 2018 FIT M S AT RILIIC K A WEA CTERILL 72 b D %2 HW, [AIEROLEE 21T - 72,
ALFRT% DFREHT F IR T v # % 9kGy FRS L, X /X K (9 GHz) ESR 43 )t#s% VT ESR HliE %
1T-72.77 K TORE TIL, 7751 4 min, FFEXL 0.03 s, BEEZHH 0.1 mT (100 kHz) , <
A7 vEEE 1mW & L7z, 2z, EiRTH ESRAEEZITo72. F72, XRDIZXL D T
TORBHIBHICTARTHL I L 2R LT,

i RO L LR OF D 77K TO BSR Wi s, , CEEE g 2
WTRORE T Al UL E TiLi FOORERALNL. T
F7o, BEHZ LT AL FULIC A TicLi HLbOME 2D L '
STVD ZENRIH T, £ 2T, TOMBEL % REHI T =
B L7zEZA (Figurel), 1/ WHOR O Ti-Li H.0 /Al Fls 7766 ] 201] 4
DU 321TH L, BHEO |3 (BRI M) 02 = > F
E, VT NOMKCHMRE R E L LY REVEL RS/ i s
o SO L, SHARREROTRIES DD I W N el
ORI Ti-Li Pl /AL DO DK E 23K (F3IER L Y TR
P O TR DB RIERD) DIRA L TV BHIAIN S ] 1,

W EERBEL TV, FElEEm L T dlzidF e
DB AL L TV MLEITH D0, SEIOFERENSIZ,

Figure 1. Ti-Li Hls/Al .00 ESR1E 558
JELEOAE & BB O BB

PRI I TS O UNA IR 2 EE IR & 9 2 INATE e P, RIS AL 2 IR & % 0a BAE e,
PR i 2 B R & 3 5 AN HIAERAAE 23 SO O ERMHRIR TRt BN 5.

RETIL, FETORTHERIZOVWTHLHBEAL, EadTd.
References
[1] J\EFRR (1992) /KEEHSHH, 10, 79-89.

[2] Uchiyama et al. (2018) Marine Pollution Bulletin, 130, 40—54.
[3] Shimada et al. (2018) Geochronometria, 43, 155-161.
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Differences in ESR spectra of TBAB and TBPB semi-clathrate hydrates
=W RK, WIS (R AR B ETIER)

Yasuhiro Miwa', Atsushi Tani'
!Graduate School of Human Development and Environment, Kobe University

I/ TF7AL— b FL— FMlX, tetra—mbutylammonium bromide (TBAB, CigHssBrN) <
tetra—n-butylphosphonium bromide (TBPB, CglsBrP) (2T I DI E KNSRI WED S
b, BA T NKGFFY NT—7IZK0aEIN, AN+ THDHKRGFO—EHNT A B
MEIZ XD ER SN IEEE R OKRFEBEMEME TH L. BOHAEFFOI END T AT
LR & U COFIHPBET S, R OUEN RO LN TS, ZHETICT A MEIC
LV T AABEIGENE DD Z ENRFEIN, TOERIZHOW IR SEEIC X 2 Rtk ioR
BENTWA[L]., —HFHT, IFEROUGEICE L TImoh THED E £ CIREEIT b oMkEE
ThY, TANWEEDTEEEZEMRT DKL ONETOMRAELEHCH THEE ST 620
Aoz RFTISEEFET 52 8T, XVBREOEWEEEZARNTZENAREE D, &
72, ZHETOHTANA Rb— Dy IR OIS 7 A Ny &R A NOKG 1D
TBHZEITHRINTWEDR, FORIZIBEN TIFRZEMOBEKIZRAD V., F2 T, i
M OH SUAIALEAERL, LVEDRA NS TFETFA N TFLERGSEAZ L2 BH
HoOp ZERM L7z NA RL— FDORHEE 2 TWD. ARAFFETI, H0, Z WS L 7= TBAB/TBPB /~A
RL— MZy SR 2TV, T A NEICED 2R E B0 IRINOFEIZ L HE/RTHT7 VL
Tt % ESRIEIC L W ITo 7.

TBAB 3 L IR TBPB /A R L— R 40 wt% TBAB /KIAWE & 37 wt% TBPB /KIAHE 2 -20°CIZ§E T
HZ LTIV ENFIER L. H0, 25 Tr TBAB/TBPB NA FL— M SO TERI L. &
B WRIRZERITIR LI 77 KT, “Co #RED v # (44.8 Gy/h) 2LV 6 KA 1772, M
$1%, 3BHE ESR BEHE I ANRIE 21T - 72, FHANCIE, X3 K (9 GHz) ESR 43 tas 2 Hv,
W81 100 kHz, 0.1 mT, ~A 7 i@ 1 mW & L, 120-276 K O#PH CHIENE & Xe
Z TR L DGR B OMREIT o T

y BEHRES £ O TBAB /~A R L — ML A1, TBPB N
A4 FL— MIFEOICE L. £/, TBABNA FL—
MIxt LTS 247 5 & IRETREM oA & &b Ic
I b L, RASHERINZ. K1 (a—c) Ty
RO AT ML, SRIRAREO 27 MLB L% (b)

D 2 DODFEARY MLEIRLTZ. EAXT LTI,

LA SRR B R & 7 1 M DOE SRR S -,

ZOEIET I VURT ARG DOANA KL— MMIxtd

%oy RO RN THY, KnE 2

DRI N TV Z i3 EBxbND. E£T,

M1 (a) WZRLEzy BEHZDO A7 NV TiE 5o 5mT

FEEhERINT. ZOEFIL v RS L7z TBABIE 1 (a) vy BEEE D TBAB~A RL—k (b)
TROLND -7 TFNTPHNE] & ISP FEFETH HREA<T P () (b)-(a) DEANT B
SR, WBEEHNED L bR TEE. Fofpic

OWNWTIHBAEBLETTH D, SHIL, FANPEMTEROZERNR LT IZ- DUV T ESR AL
7 FVTIE, DEEIGENRH L NS ot T ENG, KTy NU—ZI1Z5T
LA NE OB EITENRH DL LEEZLND. BETIE, H0, IWIMOAEEI LD KGO
[ZOWTH I E1T 9.

[1] H. Hashimoto et al. (2017) Scientific Reports 7,17216. [2] A. Tani et al. (2014) The Journal of Physical Chemistry B, 118, 13409-
13413. [3] E. J. Burrell (1960) The Journal of Chemical Physics, 32, 955.
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Isothermal annealing ESR observation of organic radical species
in gamma-irradiated chibaite

MLEETE !, BRATHA |, PO 4] 2, e s !
(AR R NFRIFE REBREE A TERY | 2 ] (LERRY RS AW HIERER)
Yuka Yokoyama', Shusuke Isogai!, Hirotsugu Nishido?, Atsushi Tani!
! Graduate school of Human Development and Environment, Kobe University

2 Faculty of Biosphere-Geosphere Science, Okayama University of Science

RARNGFFRT ANy FaaHE L DI EMEaEbEm E VWV, il & Z A TIEESE
LI TS, AZ g RL— N TCHARTANA FL— M EELEWTH Y | K
DA TIREEE TR L. T A M CTh IR0 FARILEMNRZE D AOHRIZIY JAE I,
fEEE o TWVD, ZO L9 RUBLEHOMMEITIX, 7 A M-ARA Ny TR, FA
N FEOMBEERBKMEND, 7 A My R EEROFIE LT, y BRI LT AL R
L— MClEL RSN T O HNFEE T A Ry ORI CREBR 1322 S5 DKFER - EhE
G DHERINTEY, TOEHE L= RLF—23KD 51TV b (e.g. Ohgaki et al., 2008), L 7>
L, KB FBEHBGOEL WA T = XL FRHIH AT 7 AT LT/ > TR, £ 2T,
TABENTANA RL— hERROEEZTER T 52 ) 17 7 A L— hO T A (Momma ef al.,
201)ICEH LTe, HANAL RL— K (H,0 BH) LU B 77 AL —k (SiOBHE) TlEm=
WHEIE DR S 0%E 5 7o 0, KRR TFBEBIG G2 D ENRR L Lifssh b, TEAPIZE
F 257 VHNFEEIN LIOKRRABEIBROBIENOEDXA T I 7 A%, TANA FL
—hEHTHZ LT TAL— MEEOWI L FHIMEIC OV TilEma ED D Z L2 &2 T
W5, ZNET, TEAICB T HKERFBHBGOFELHERT L7722, ERET=—VU 7
AT CTEATOT VINBEOEBZRRTE L, ZORR., 7 AV X005
DI HWMERNRKELS B> TWDH T & F7o, FRE CTHIME N A BN D T 2 B ET
H—HT, WHNNHEOND TV ANBIFET D Enbrole, 2OZ b, TEAHT
KREFRABIHAENELZ > T L AREHITE W EEZ BN D,

AW TIE, FREK TED L O RIEDTEAT TEI > TWDHDONELET H20Ic, T4
LHRDT I NEORRE N ET ST, T =— ) T EBRTRICT UV EOELNKE
< B BT 200,230,260 K THIRT =— U UV ERZT 72 L 24, 200K & 260 K TIEAFHEH
T-OENED U, tert-7 F N7 ZHNOENEINT D PR TE T, ZOMEND, KFEH
FRA VTN HIKRFEEGERE KBS T & tert-7 TV T AV ERR E D Kt (Lin et al.,
01NV TELAT TR > TVDDOTIHERNNEEZTND, SRIOFEE CTITIRE RIS T
AT OGO ELIZ DN T HEETHTETH D,

E-mail: 203d415d@stu.kobe-u.ac.jp
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Behavior of two organic radicals in chibaite

BEAAHE Y, BILESE Y, TP °, AL (AR, 2R LR R)
Shusuke Isogai!, Yuka Yokoyama', Hirotsugu Nishido?, Atsushi Tani'
! Graduate School of Human Development and Environment, Kobe University, Japan

%Faculty of Biosphere—Geosphere Science, Okayama University of Science, Japan

THEA &L, S b A FE(S10) B TIROFESEE (Y W7 T AL — ) ZBRKL, £O0
ZOHFNFRALKF IR ED T Ay T2 L T DIbEMTH H 1], TEAITIRRDOTANA K
L= A FZ A FL— N E) LRBEDOBUEALEM TH DH. RIRD T ANA FL— b OEE 1
BB DERBEZ L OAT /70 VYA NOZRKRIRTHRAIN TV, 2011 0 11
BT DG Z b O TEADOm LN BR I, BE IR TREWND (X
ER) ZRORE [T RO TELICIE, AZ UL Z UNIMAT, TaXvf Yy T7H v bno
T RERIRCKFBH A B EEIN TS, THEAL, TIERmMEERTI O R o
ez mAIct s Lo ARk ORI N. AERPLRERRINZ L LHREEREO
ROBIZTERIAERINTZEEZONTWDED, TFEADERFERITONVTITELS 0o
TV, FERIIIRARDOREHIA TN T PHNR tert-FT FNT AN ED T P HNAFEN
BIFLTWDHZ ENRINTND. ZRODORET N EHNTTEAD ESR FRMENT
X5 LRV, ZHETOETAF LT ALK 3000C £ TITMEL L TH THEA F1ITiE
fF452 8, REBICE ST OHVENEMT D Z 08300 o TE . ABFETIE, KEEIC
KD INEOHEBOFMERALNIT I EE2HME L, TEADEET =—V 7 ER
CEERT =— U VS EREITo T,

THEA 2 Abhk TR, v ISR (100-500 Gy FiS) & REAHFEL 2 ¥ L7-. ZhEhuvh
TEZIE & W CEREE 150-420 COHFPE T 30 CTHORIBSE, ZnFh 15 STz
LEERT =— ) U EBRAE L, ESRIEEIT-7=. £72, BIOREZHWTT P h VBB R
DIERCHERT =—V V7V EREIT 72, FHINTIE, XN R (9 GHz) ESR /e & W7o, B
BZEFHIL 100 kHz, 0.1mT, ~A 7 2@ 1 oW CTHIE L7,

SENFET SN E LTRAFATIIHNE tert-7 FNT I IUIEIRTEEAIS N5 RE
AW, 7 =— ) 7 ERICE L TE, AFLT I HILORT 180-240 )CT—HED,
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