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061 N-16 7.13s,6128.6,67.0,9999

062 0-19 26.9s, 197.1,95.9,9999

063 F-20 11.00s,1633.6,100,9999

064 Ne-23  37.2s, 440.0,32.9,9999

065 Na-24  14.96h, 1368. 6, 100, 2754. 0, 99. 9, 1731. 8, 0. 99, 2242. 9, 0. 99, 9999
066 Mg-27 9.46m, 843.8,71.8,1014.4,28.0,9999

067 A1-28 2.24m, 1778.9,100, 756.7,0.99, 1267. 8, 0. 99, 9999
068 A1-29  6.56m, 1273.3,90.6,9999

069 S-37 5.05m, 3103.4,94.0, 2081. 2, 0. 99, 9999

070 C1-38  37.2m, 1642.7,31.9, 2167. 4, 42. 4, 9999

071 Ar-41  109. 3m, 1293. 6, 99. 1, 9999

072 K-42 12.36h, 312.6,0.34,1524.7,18.1,9999

073 Ca-49 8.72m, 3084.4,92.1,2062.2,0.99, 2573. 3, 0. 99, 9999
074 Ca-47 4.54d, 159.4,67.9,1297.1, 74.0, 9999

075 Sc-46  83.8d, 889.3,100,1120.5, 100, 9999
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Filename=t17011. txt Save=t17011.ana LT(s)=1000 TT(s)=1100 DT=9.1%
Position Energy(keV) FWHM Area(count) err LLD Intensity(cps)

1 145.07 71. 44 1. 41 5.68308e+003 5.4 691.9 5.68308e+000
5 268.20 133.10 1. 20 6.33027e+002 13.4 638.3 6.33027e-001
Hf-181 133.00 W-187 134.20
6 281.10 139. 56 1.29 1.01863e+004 2.3 626.4 1.01863e+001
Ge-75m 139.70 Mo-99 140.50
7 285.48 141. 75 1.29 5.95165e+003 3.5 626.4 5.95165e+000
Fe-59 142.65
8 317.74 157.90 1.49 1.23278e+003 10.5 609.1 1.23278e+000
Au-199 158. 40
9 384.99 191. 58 1.14 1. 55203e+004 1.5 628.2 1.55203e+001
Mo—101 191.90 Fe-59 192.35
10 640.58 319. 57 1. 45 5.11400e+003 2.8 518.3 5.11400e+000
Ti-51 320.10 Cr-51 320.10
40 2581.85 1291. 63 1.92 2.99949e+004 - 1.0 77.81 2.99949e+001
Fe-59 1291.60 In-116m 1293.50 Ar-41 1293.60
41 2663. 62 1332. 58 1.92 4.65202e+002 6.8 67.52 4.65202e-001

Co-60 1332.50
Fig.5 f&#rél (—5)

DATAfile= t17011.txt ST03/12/14 21:14:47 LT1000(s) STD72
LISTfile= t17011.1st 1T03/12/9 16:30:0 DT9.1% HE& 298.7 (mg)

% ﬂﬁiﬁ}% ik - (keV) MRHHTAVE - FREE (cps) RRZE (%) IR (ppm)

Cr-51 7.700d 320.10 319.57 5.825e+000 2.8 2.600e+001
Fe-59 44.500d 142.65 141.75  6.454e+000 3.5

Fe-59  44.500d 192.35 191.58 1.683e+001 1.5

Fe-59  44.500d 1099.30 1099.14 5.036e+001 1.0 4.258e+004
Fe-59  44.500d 1291.60 1291.63 3.253e+001 1.0 4.221e+004
Mn-54 312.300d 834.80 835.03 8.377e+000 1.6

Co—-60 5.270y 1173.24 1173.13 5.190e-001 4.8 1.207e+000
Co—-60 5.270y 1332.50 1332.58 4.661e-001 6.8 1.222e+000
Co-58 70.800d 810.80 810.67 4.703e-001 11.8 2.687e+001
As-76  26.300h 657.10 657.18 1.080e+003 0.8 9.084e+001
As-76  26.300h 559.10 559.00 9.226e+003 0.9 8.700e+001
Ag-110m249.800d 657.80 657.18 4.074e+001 0.8

Sb-122  2.700d 564.20 563.16 3.863e+001 6.5 5.745e-001
Sb-124 60.200d 602.70 601.07 3.615e-001 29.4

W-187  23.700h 134.20 133.10 2.443e+001 13.4 3.351e-001
W-187 23.700h 685.70 685.77 2.304e+001 20.0 3.268e-001
W-187  23.700h 479.60 479.24 1.658e+001 29.2  3.324e-001
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We got the porcelain powders for metal bonded crown, a kit of SYOFU
UNIBOND tried fixed-quantity of the rare earth elements which we analyzed
uranium which was added as the fluorescence medicine. Furthermore
fixed-quantity did porcelain teeth SYOFU ACE and REAL with thermal neutron
activation analysis and fission track method. In addition to it examined an
elements in material powders, we examined comparison was offered by the

company.
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c)f@ti : REAL (Color No. C5, T5) 2 fE 4tk (f2 &)
dDEEHIER 48
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Fig.1 Each porcelain powders piled up in a crown.
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Rt a), R DBLICEERBE, ES ImmO7 7 YV AVRICERE 2mm O %
Hit (Fig.2), A7 =—V vV FRBLEABEZE2HTRIIMST, FETERICE
HLTEERCEHEL .

acrylic sheet

Fig.2 A hole of a diameter of 2mm in an acrylic board of thickness 1mm
was opened and put heat-annealed to artificial mica cover.

2-4 TR

BRERAB 2 THK¥EEFHE O TRIGAT-RSR (100kw, flux:4.0X 101! n-cm2s°1)
T 18 BT TFRHA L, 4 ARAHE, vy BRX7 b % Ge(L)-PHA(HORIBA
GLC 203L)IZ T 1000 ##lE L, PCE-SMART variation1 T/{4# (NAIGE ¥V —
X MCA) L7,

2:5 74vvarv iy lEBERCEB3UTVOEERE (myFUr7E oy 7 D%
BRE7ARMAALEE, ER2B7 v KEETI10~2040M, ZER T v F
YL, EBRCAELE IS y 7 OBEMETE (X400) #EL, TOXRT 7 4
NAETal ol Z—THSBIZIARL, BRECEE LTINSy 7 258 LE,
¥z 1 REHCHoX 15 HF (0.025mm?/
400 ¢ HE) TITV, TOEYEEZRDZ, ZD
EEEERBOZFNEHBLTY T VRE
RO, ERBCHAVWERER%E Fig. 312
L7z,
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Number of tracks

100) Fig.3 The mean number of tracks for

individual sample was compared with that

/ for the standard sample of natural isotopic

L . " 0 composition and the uranium
concentration was calculated.

Uranium ug/g
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FELBERROERIATHEFBEIMEITECI > TIT o, BERBIIRFERL
STHOERER (FXME) 2RV,

3. REBIURAHN

=+ 5475 Y —i% Sixth Edition of able of Isotope3®n 53| L, B EEk
DTF—FEHERLE,

Mg, B POy OFRME% Table 1 iIC R L=, HWAOKE ACE & REAL
DEHEREFNEFN 65uglg, 3.8uglg THHDICIH LT, &BEEMNHEEH
UNIBOND O F#HEix 79uglg THolz, ZOMEIX, REBELTEX-EHHE
2028 S BEMARM 22 FOUSUBELHEBELTHLEBD TEWETH 5,

M, BHOFREBRPOVTIUBERER CEOILEREDEVWS), A,
it xAbETH 042ug/lg THo T,

COBREIBRA—H—BEXFALE LTEMLEBETO Y SV BEOFEHHE
X ACE (R ABRIMIEE) 3.6 g/g, BIOBOND (CCkERFM) 821 g/g Tdh » 7= 20,

Table 1 Uranium content in UNIBOND, ACE, REAL and raw materials

Number of tracks Uranium
Samples Mean = SD
(n=10) #e/g  Mean
AC 162 = 19 7.6
UNIBOND A,B 162 = 25 7.6 7.9
A0 181 = 33 8.4
No.514-1 190 = 35 8.9
No.514-2 115 = 12 5.4
ACE No.633-1 1M1 £ 1 5.2 6.5
No.633-2 145 = 20 6.8
Ch-1 28+ 5 13
EAIL C5-2 21 = 3 1.2
R Ts5-1 189+ 3 8.5 38
T5-2 110+ 3 4.3
Feldspar-1 33 = 14 0.03
. Feldspar-2 74 + 33 0.07
Raw materials ;) 17 + 13 oo1 O
Clay 350 + 9.0 0.34

ABFOTEEZLZVIECES Table 2 TR L, FHBCIVEREEBIUOH
TEARIZLVRER-TVENRCel Euil 3FIRHEN, KIIFEBKHEXRDO X
REPD—D2THHIHIVERICHEL, InIWEOCEHLRABETI-DICEML =
LbOLBEDLWE, TV ¥ —FA4 v LizxRIHAEFAL L THYOREERD
NOZ/FEITBERFTHD, TOMIBRBINTEHELTEOFTICEL Dy, PmOFILHE
TENRRD LN,



Table2 Contents of elements and uranium

UNIBOND Lg/g ACE ug/g REAL ug/g
K 21.66 K 15.60 K 11.17
Zn 6.34 Ce 6.01 Bi 3.03
Sc 6.01 Yb 4.87 Ce 2.68
Eu 5.98 Sb 3.00 Se 1.75
Se 4.31 Ta 1.52 Sb 1.06

Ce 3.92 Sn 1.51 Ac 8.23x10~ !

Sb 2.83x10°! Eu 1.50 Eu 7.80x107!

Sm 2.60x10! Te 6.43x107! Co 6.75x10""

Co 6.14x10 2 In 5.39x10 ! I 6.43x107!

Yb 1.17x10 2 Na 4.54x107! Rb 5.81x10!

Au 1.34x10~* Zn 2.68x107" Tl 5.80x107!

Co 1.93x10 2 Np 5.42x10 !

Au 1.15x10 2 Zn 3.16x107!

Fe 8.71x1073 Cs 2.15x107}

In 6.16x10~* Ir 1.92x107!

Au 7.10x10 2
U (mean) 7.90 U (mean) 6.50 U (mean) 3.80

Other elements: Ac Hg Dy Am Ta Ga Tl Sn In Fe Te Be Ir La Cs I Rb Bi Pm

Rare-earth elememts are underlined.
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A Long Afterglow Pigment as Potential Tingeing Material for Porcelain Tooth
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ABSTRACT

With the aim of substituting uranium with non-radiation fluorescent
material which may give a similar or even better tingeing effect to the color
tone of porcelain tooth, we examined the long afterglow phosphorescent
pigments developed by Matsuzawa et al We added one of the pigments,
LumiNova BGL-300 (Sr4Ali4Os5:Eu,Dy), to base material Enamel E2
(BIOBOND), which is one of the porcelain tooth powder that has been found
not to contain uranium, and prepared sintered discs. Fluorescence from the
discs had a peak at 497nm, which is 66nm and 111nm longer than those of
natural tooth and BIOBOND (uranium containing porcelain tooth powder),
respectively. The long afterglow phosphorescent pigment appears promising
and may replace uranium in the porcelain tooth materials.

HAXEES
Mok DEc R & L TIiX, ZnS: Cu, CaSrS : Bi 72 ¥ OR{LBEIEEICT T 72 L DN
HEEEHRMLTEDI TV, 1996 E7 A0 Y HE7 VI VEBEE BEER L L
EXMERT b b RBMER AN Matsuzawa HIZ K VAR I, T HiTRFE
DWHBFEDO NN 7 T4 b, BTHEBREICHRANICEDNADTRY, WRBIZHE
HATEDLENTWS, £ T, AERTIIRBEMEICEOMEIOLA L L TOREE
HERE LT,

1. Introduction

Since 1974 we have been studying uranium that is added to porcelain
tooth as phosphorescent material to tinge it with natural color tone (1-10).
The amounts of uranium were measured, and the dose of irradiation to oral
tissue of the wearer was estimated (2). We recommended therein to use
non-radiation phosphorescent substance instead of uranium. Porcelain teeth
that contain rare-earth elements as fluorescent additive were developed
thereafter. However our recent measurements show that most of the
commercially available porcelain teeth and their materials still contain
uranium. This is probably because the rare-earth elements are less efficient
in phosphorescent yield, or they do not provide the quality comparable to



uranium in tingeing the porcelain color tone.

Industrial production and use of phosphorescent materials started soon
after the beginning of 20th century, where radioactive materials were added
to activate phosphorescent materials such as ZnS:Cu or CaSrS:Bi. In 1996
long afterglow pigments with alkaline earth salts of aluminic acids as the
base substance, such as SrAl:04:Eu,Dy, SrsAli4025:Eu,Dy, CaAl204:Eu,Nd,
were developed by Matsuzawa et al (11-14). They are beginning to find
world-wide application for backlight of wristwatches and cell phones,
electronic apparatuses and instruments, traffic guide signs, etc. It is also
suggested that these long afterglow pigments can be used for porcelains and
ceramics (13).

We took note of the possibility of using it as the fluorescent material for
porcelain tooth. In this report we examine its possibility.

2. Experimental
2-1 Neutron activation analysis

Porcelain powders for metal bonded crown BIOBOND (Dentsply USA)
consist of 6 groups as shown below corresponding to different usage as shown

in Fig. 1.
a) Opaque: used to cover up the color of the metal frame
b) Body: used to construct the dentine
¢) Enamel: used as coating of the Body
d) Stein: used to give transparent color quality
e) Opaque Modifier: used to compensate and modify Opaque color
f) Concentrates: used for tone modification of Stein surface

A
1
i

i
Al
A-A section

B-B' section

Fig.1 Uses of the various porcelain powders in the tooth crown construction



There are several different qualities of powders for each group, and we
measured 42 powders in all. 100~200mg of each powder was sealed double in
1x1 cm? polyethylene bags. Two of such sealed samples were put in an
irradiation capsule, which was then irradiated in the pneumatic tube of
JRR-4 (Tokai, JAERI) fo;' 1 min with the thermal neutron flux 4.5x1013
ndcm?2s. The irradiation tube was covered with “cadmium filter” which
absorbs thermal neutrons but not epithermal ones that are effective to
activate uranium. After waiting 5 min for short-lived radio-activities to cool
down, the gamma-rays from 23U (74.8keV) were measured using a
low-energy photon spectrometer (LEPS). The uranium standard was
prepared from the standard Uranyl Acetate Dihydrate (CHsCOO)2UO2/2H20
(MERCK).

2.2 Sintering of the porcelain powder

2.2.1 Sample

Of the 42 samples measured by the neutron activation analysis, only E2
from Enamel group and T from Stein group were found not to contain
uranium. Thus we chose E2 as the uranium-free base material and added
the long afterglow pigment, LumiNova BGL-300 (SrsAl14O25:Eu,Dy), by the
amount 1, 5, 10, 30 weight% and was mixed well. The mixtures were sintered
into 5mm¢ x 1mm thick disks. As a control pure E2 was also sintered into
disk without adding LumiNova.

2.2.2 Methods of Sintering

1) An amount of water was added to the mixture of E2 and LumiNova
powders, and was kneaded over a glass plate using a glass rod.

2) The kneaded mixture was transferred into 5mm¢ x lmm framework
cut in a polypropylene sheet.

3) The mixture was treated with a supersonic vibrator (Ceramosonic
Condenser, SHOFU) to make condensation. Liquid water that rose to surface
was wiped off using filter paper.

4) To avoid contamination, the condensed mixture was placed on a clean
and baked ceramics fiber heat insulator (Cera Sheet, YAMAHACHI Dental
MFG. Co.).

50 The above was baked in a porcelain furnace (DEKEMA
AUSTROMAT 3001, Germany) under a reduced pressure of 74 mmHg. The
furnace temperature was programmed to rise at 55°C/min, and stay 3min at
the maximum 954°C.

6) The side of the sintered disk that contacted to the ceramics fiber
sheet was polished with #400 and #800 emery papers (HT*type Hard Tissue



Grinder, Hard Tissue K.K.), and was washed with an ultrasonic washing
machine (DENTCRAFT Ultrasonic 3800).

7) The washed disk was further glazed using the furnace described
above method 5). The glazing temperature was started from 732°C, raised at
the rate 55°C/min, kept 5min at the maximum 960°C, cooled down to 732°C,
and finally cooled to room temperature.

2.3 Measurements of emission spectra

2.3.1 Sample

Two natural teeth, five disks of E2-LumiNova mixtures, and six
commercial porcelain teeth (4 from Japan, 1 from US, 1 from Liechtenstein
as described below) were measured.

ACE SHOFU(Japan)

REAL : SHOFU(Japan)

REAL Reverse pin facing SHOFU(Japan)
LIVDENT G-C (Japan)

BIOBLEND TRUBYTE (USA)
VIVOPERL IVOCLAR (Liechtenstein)
2.3.2 Method

Both emission and excitation spectra were measured using a luminescence
spectrometer (PERKIN ELMER LS5, Germany).

3. Results

3.1 Neutron activation analysis

Uranium contents in the 42 samples from 6 groups of BIOBOND are
shown in Table 1. It is important to note that most BIOBOND powders,
excepting E2 and T, were found to contain substantial amount of uranium.

Table 1 Uranium contents in BIOBOND (Dentsply USA)

Min. Max. Ave.

Name of powders Number of samples Ue/g ue/e ue/e SD
Opaque 7 12x10* 20x10*  17x10*  27x10°
Body 13 15x10°  71x10°  3.0x10? 1.7 % 10
Enamel 4 0 27x10° 15x10°  1.1x10
Opaque Modifier 6 54x10° 16x10* t1x10*  41x10°
Concentrates 7 26x10*  28x10*  27x10*  57%107
Stein 5 0 19x10*  39x10°  82x10°




By the same neutron activation analysis substantial amount of rare earth
elements Ho, Pr, Y, etc. happened to be found in the BIOBOND powders. To
the authors knowledge there have been no report of the existence of rare
earth elements in BIOBOND. Since standard rare earth element samples
were not prepared at this time quantitative analysis had to be performed
separately thereafter, thus the detailed results will be given elsewhere.

3.2 Emission Spectra

The emission spectra under UV light were quite similar among the two
natural teeth, and the five porcelain teeth. The sintered disks showed
practically the same spectrum, the only difference being in the intensity that
was stronger for larger LumiNova content as shown in Fig. 2. The typical
emission spectra from natural teeth, porcelain teeth and sintered disks are
compared on the same scale in Fig. 3. The porcelain teeth had an emission
peak at a very short wavelength, 386nm, but the whole emission shape is
supposed to be the sum of contribution from uranium and rare earth
elements. Color photos of the disks of E2-LumiNova mixtures are shown in
Fig.4. Under UV light they look bright blue due to emission from LumiNova.
Under visible white light, however, they commonly look lustrous white.

5,500
5,000

LumiNova 30%
— — = LumiNova 10%
----- LumiNova 5%
— - = LumiNova 1%

[=]
(=]
o
T T T T T T T T

350 400 450 500 550 600
Wave length(nm)
Fig.2 Emission spectra from the disks of Enamel powder E2 (BIOBOND)
containingl, 5, 10, 30 weight % LumiNova.
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1,000 y AN S *. Natural tooth

800 - AN — — - TRUBYTE BIOBLEND
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Fig.3 Comparison of the typical emission spectra of natural tooth, porcelain

tooth, and the disk which contained 5 weight % LumiNova.



A B
Fig.4 Photographs of E2 Enamel powder (BIOBOND) disks containing, from
left to right, 0, 1, 5, 10, 30 weight % LumiNova, under white light (A)
and UV light (B).

4. Discussion

Among many commercially available products we have studied here, only
one from the porcelain teeth and one from the porcelain teeth powders free
from uranium. In our previous study where we measured a different kind of
porcelain powder, UNI BOND (SHOFU), we observed 7~8 ppm of uranium in
them. The main material of the porcelain powder, kaolin, comes from
kaolinite and the small amount of uranium is considered to be from granite.
Compared to this small content, however, the extraordinarily high uranium
contents in the BIOBOND cannot be of natural origin.

The fluorescence from natural teeth is due to organic fluorescent
substance (15-19). In order to endow the natural color tone to porcelain tooth,
fluorescent porcelain powders doped with uranium were developed in US in
1942 (20), and came into wide use during the 1960’s. Price et al. (21), Hartles
et al. (22), Vozella et al. (23), O’'Riordan et al. (24) and Ecker et al. (25) found
that, while the fluorescence spectra under UV irradiation of all the porcelain
crown materials are strikingly different from natural teeth, they are the
same under tungsten lamp or visible white light. They thus stated that
uranium is not effective (24) or unnecessary (25). Wozniak et al (26, 27) and
Higuma et al (28) reported that, under UV irradiation, the peak of the
emission spectra of natural teeth (~410nm) shifts about 100nm from those of
porcelain teeth (~510nm). Peplinski et al (29) and Baran et al (30)
developed non-radioactive fluorescent material free from uranium. Miyai in
Japan developed a new fluorescent material in 1978, and obtained patent (31,
32). It was marketed in Japan and US, but it hardly met wide clinical use.
The main reason would be that the rare-earth elements do not give the same
quality of color tone as uranium does. The two largest merits of porcelain
teeth are mechanical strength and good looking. Uranium is added with the
aim of enhancing good looking, but it is argued to be only effective under
special conditions like the black light at discotheque, but not so much under
sunlight.

As shown in Fig. 2 and 3, the discs containing the long afterglow pigment
LumiNova has an emission peak at 497nm. The peaks for the porcelain teeth



(386nm) and LumiNova (497nm) are 45nm shorter and 66nm longer,
respectively, than that of natural teeth (431nm).

It has been noted that the fluorescence spectra of the commonly used
porcelain tooth materials, with the emission peaks mostly ranging in blue or
green color region, are strikingly different from those of natural tooth (25,
27), and, ever since the early days when the implication of fluorescence on
the tooth color tone was questioned (33), the validity of using the emission
peak as the indicator of the tooth color tone does not seem to be established.
It is probable that emission around blue color, which can only be excited by
photons with shorter wavelengths, ze. UV, is not all important and that
broad emission covering lower wavelengths up to about 600nm, like that
from natural tooth, is responsible in bestowing yellowish warm white color.
From this viewpoint it is interesting to see how the emission of longer
wavelengths of LumiNova BGL-300 will impose to the tooth color tone.

LumiNova BGL-300 (Sr4A114025:Eu,Dy) has been used in the present
study.

5. Conclusion
The long afterglow pigments LumiNova BGL-300 may have an effect on
the coloring of porcelain tooth similar to, or possibly better than, uranium.
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KURIIZEIT D Te-Pn ZF|H L7-BMESGPOME M OEE

(RARF)  BAR - BEE— - REB— (BXXHE) /IHEZ

XU®IT

BB P HEF B ESPTEINAANICRWT, vV H VIR LBED LWITRO—2>THHN, &
BROL D%, &2ELE0RBPOME~ L T DERIZBVTIE, EPHTFIZX 5 *Fe(n, p)
*Mn RISTEREND *Mn DF G2 HETIHERSH S D, KFLTIE, HAFEKUR)DY—~
WA T A(Te-P)Z AV INAA ICX Y EPHFICL2BBEMHIET S L2, BMiEEgE
FDE 10 ppb Mn DEENFIRETH D Z & 2R LT,

SRBRAPO~ T OBETHERIEL | A I ZH D F B ESITRNAA)Z BV
T, SKEERFO T DEE% 40-90 ppb TH B L BE LT3 D, £7-4H Hix. Gibeon 8558
BHOEHBERZETH S "Be DEEDMICTOVTHE L, SKIEA FOFHELER *Mn OH
EERFLTVS >, ZoRHE S LT, Frxid Te-Pn 2V INAA 12X Y, Gibeon SKFEA &
DerHoREEL, PHELER "Mn 2 REL 52 L 2RAT-,

EBR

ABHZIX, B ASKEHEE O EMBESEREE JSS003-5, ISS001-4, JSS001-5 3 X UEMEERRLekakt
JSS009-2 Z A 7= ™19, 1SS001-4 & JSS001-5 12 oW\ Tld, REHUE P ICRE I E L-BERER
D ERL 720, iR TRUBLR I OB 21T - 7= K 2 #9250 mg & HBAE#ERUEL 2 KUR O Te-Pn
(ng: 4 X 10" n/em?s, ng 8 X 10” n/em?s) VT 60 YO PHFBRF 21T - 7.

Te-Pn iZBI1F 58t - P HEEFIC K ARISOEEBLTMET 5729, Fig. 11273 XK 572 Te-Pn R
HAND 6 GBI B2E&0 FIERIELE, £
DOFER, BNAAND a2 fOH FILkTENEh,

220, 230, 250, 230, 150, 140 TH o7z, TN HDOH FI
HORRICESNT, SEORBORHIL, Fig 1 H R

DanbdDOETIToT,

%72 ICP-MS KUV ICP-AES # W T, Zh b Dgkak
Bho< T OEEEZITV, INAA ICEBRERE R
BL,

Gibeon SKFBR DK 7T 7 A k. G. 003, G 102, G. 105, G. 2001, G. 99 F D= > H N2>\ T
INAA TEER{ToT, BERHIIEMESKREOBRLFALTH D, SBERICIEI A T4 FD
X 572 inclusion ZF E L, TUIFHP L LT~ H % 300-800 ppm FATWD Z E RSN
THH >, GREEAEHEOMEBEDO~ L H o OERICIE. 2D X 57 inclusion #ER Y RS = &A%
BEThHD, £ TAHIETIE, G 003,G 102,G 105122\ T, BH - BIEER, £7F7 7 A +O

Figure 1: Six positions where Cd-ratios were

measured in the thermal column at KUR.



REXBLEL, BOV V2 RET S LI2EY, inclusion BEFEN TV D0 L ) HORERR
ZiTolr, ERIZHOWTOFEMIZICER(13)S R,

RELER

Table 1 ICEMESGRABIF O T OEEER, RURHEEZ R L7, INAA ICX 2HERITR
EE L IEIF B L TR Y . ARFEOBREMHICBO TR, HPHEFIZ & Y AR L Mo OREIT
FEFITNINEEZ NS, :

¥ 7= ICP-MS KR ICP-AES % AV /= B & T, JSS003-5 X° JSS009-2 (2 BWCIIFREEE S F/E L
BROEERNB LN, < U BEN 0.03 ppm TdHh S JISS001-4 X JSS001-5 2BV TIiE, FEIE
BEFBELRNE D RBERIIB ORI o T, ICP-MS %2 & 3 BEBEORIOLZELEDED 2
VEIN, RV VDERICEBL TS EEX DD, Te-Pn V2 INAA IZ K 0 E#iEE
GhOWMB~ A EERTHI LI DTRETHD I L ERERB LT,

TABLE 1: Result of Mn content.

Sample INAA ICP-MS ICP-AES Certified Value
JSS003-5 (metal) 25.5+0.3 ppm 25.2%0.6 ppm 25.1£0.1 ppm 27+1ppm?
JSS009-2 (oxide) 75015 ppb 884+30 ppb 830*x8 ppb <2 ppm b
JSS001-4 (metal) 26*2 ppb 65+3 ppb — 30.6=5.5 ppb ©
JSS001-5 (metal) 25+1 ppb — — 30+10 ppb *

*Reference 7, PReference 8, “Reference 1, dReference 10, —: See Results and Discussion of the text.

Table 2 (213, EFIEESKSUEL L RIED INAA TIT- 7=, Gibeon KFERICBITH 5 2DT7 T T A
rhDw T DREREE T L, BN - BIE%, 777 AV MOREBEBRLEL, HFUEZ
FolfERe, AEBICLIVRESNELE T T AL D "Be DBELRENTVS, "Be
EMENT S 7 AL MEY, FERICEIIBREZZ TR LT, FHBLER "M OEFE LR
WEEZLNADN, Table2 I LD L, BT T/ AL DU H o BEL "Be BEICHBIIZON
Rhot, 7537 A "hbD< o H o &FEIX, Gibeon SFEAIZE £ 5 inclusion D—D>TH
5raA54 hPOEBNEREDO~ L H A BEINTWELEZLND,

%, REEBAE LERE LZRABHCIB VT, G 003 O~ U BEICIE, K& B
Roh, —EIOBAEIZLY baA T4 PBRESNFEZZLETRRLTVD, £12G 99 & G99*
RRA—DT7F 7 AL FORBRBBIPLEVHEINERABTHY, ZOBRBO T RED
BWL, 7537 A MR —ICEEND buaf T4 M W EAIN S, Gibeon KFRAF D
FHEBLER PMn OB EIZIZ, 25O inclusion 2ZEICRET I EBLETH D,

RE

KUR @ Tc-Pn # V= INAA IZ LY. ERESGRBIROME~ L T OEREZITV., &REF
® 30 ppb Mn % *Fe (n, p) **Mn RGO HFEEFHET D LR ERTED I L2 RERB LTI, [k
DOFEEFHWT, Gibeon RRED 5 DT F T Ay MZOWT VY H U OERETo2, 5.



inclusion T3 hu A 54 F&EEL. Gibeon ZKIBFE T OFHHBER Mo Z RELFETH 5,

TABLE 2: Mn concentrations in five fragments of the Gibeon iron meteorite.

Sample Surface-leaching Weight Mn concentration 1°Be content
after NAA / times /g / ppb /dpm - kg
G. 003 0 0.4239 50745
© G.003 1 0.3993 330£33 0.00007 *
G. 003 2 0.3826 33344
G. 102 0 0.1772 101£15 0.00016 *
G 102 1 0.1597 82+21
G. 105 0 0.2490 401+36 0.0005 °
G 105 1 0.2340 414=%43
G. 2001 0 0.2518 645+34 0.49°
G 99 0 0.1239 154+14 1.17°2
G 99* 0 0.1159 942128

*Reference 6, "Reference 14.

E 1133

AEREPITI IO, ABERRI KP4 EFHIZIZIL Gibeon SXFEA DOR{LZF1T, EBROESH
BIUOFBEIZOWTIEETAVW ., PFARIESEKES FHIFITIL ISS001-4 ORHEE =T, HEFE
BEIZIE Te-Pn FIBIZ W T T ARV, & BIZZ ZICR L TEMT 5,

BE TR
(1) K. Tomura, and H. Tomuro, J. Radioanal. Nucl. Chem., (7) Japanese Iron and Steel Certified Reference Materials,
242, 147 (1999). Certificate of Analyses, JSS003-5, (2004).
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HANARO (Z351F 2 BEHESITIC & 2 B ESRAE h OME Mn OEE
GRREF) BA &, dEs— RBEE— (AXXXE) IHEZ

AR 15 EBRFT O RFE(KUR)D Y— < L A 5 b (Te-Pn) % - 883 th i i i
L3 HTANAA) TiE, HPHETIZL B, pRISOFEBEFHIET S Z L 2< | BMESKTOK
10 ppb Mn DEENAEETH D Z LITHERRINTWD (FFIRBINMBR),

Z Z TiX. HANARO @ 2 FEEDOBHILTINAA 2175 Z L2k V. 3 EHEOSMESR
BHROME Mn DERZIToEREEZ/RL, KUR O Te-Pn iCBITHRER L LT 5,

HEHZ OV T

3R6HT B ASKSEEH D JSS001-5, JSS009-2, JSS003-5 A Lz, EHERDOHDHE
ERERBNIX, FEFREHAO Mn ZHEFROBEE L BKICE T L7c b0 E iz, JSS009-2,
JSS003-5 {22V Tld. #7100 mg, JSS001-5 2O\ Tk, REE MW TY —F 728
IRofe b 300mg #RELT,

IR - BIEIZ DWW T

£33 T, HANARO O PTS-3 (ng: 1.6X 10" n/em¥s, ng 1.3 X102 n/em?s) T 1 23fl,
PTS-1 (ng: 4.5 X 10" n/em?/s, ng: 2.4 X 10" n/em?/s) T 10 SR DO PHEFBE 21T o7z, BHEA
30 SFHHA L, Mn-56 DRIEZETT o7z, LAT. Table 1 ICEERREZTT,

Table 1. The result of Mn determination.

HANARO KUR Certified Value
PTS-3, Imin | PTS-1, 10min | Tc-Pn, 60 min |
1SS001-5 - 189+3 ppb 25+1 ppb 30+10 ppb !

JSS009-2 | 2.2+0.1 ppm | 897+12 ppb 750+15 ppb <2 ppm?
JSS003-5 | 25.5+0.4 ppm | 25.3:0.2 ppm | 25.50.3 ppm | 27+1 ppm >

-: not measured.

! Japanese Iron and Steel Certified Reference Materials, Certificate of Analyses, JSS001-5, (2001).
2 Japanese Iron and Steel Certified Reference Materials, Certificate of Analyses, JSS009-2, (1994).
3 Japanese Iron and Steel Certified Reference Materials, Certificate of Analyses, JSS003-5, (2004).

KR
220 HANARO TOEBRERIE. Mn (n, )R THER L7z *Mn 2, PTS-3 X PTS-1 {2

BT BEPHETIC LD SFe (n, p)RIETER LT Mn OFEREENTZLDTH D, PTS-,
PTS-3 1%, & bic¥—=L b5 A TiEA< ., JSS001-5 R JSS009-2 TiX, KUR O Tc-Pn D
BLE~RB L, ¥Fe (n, pREDEBENALNSG, BL, v U U EFENEBHZN
JSS003-5 122V Tk, *Fe (n, p) *Mn IZ & 2 BIIFEFIT/NE L, BHIFRD HANARO DO
HEREICBWT, gREh D% 10 ppm Mn OERIIFRETH 5,
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POPERTHAE7 A —F bOMEFHA 70 27 Fichbb3 & )icko>T, B, 2D
V=0 ay 7TEMOLEOIBETYT7TEEZIN TS, V=7 ay 7OHRHIELT
technical tour DS ENTE Y, ZOEHDOMAFZREL TE, KX, BRIXEZW->TRFEL
TWbITREVDT, REDOED L2V 7Ly bRV -2 ay 7OLER, 380
REDPSVEEW-EREZ S LI, 7Y 7EE, K FNCA 2mMEGEE, TE, ¥4, XMT1 4,
AVERYT, RVL—=Y7, NI 7742 2)0MEFERNT 5.

IAEA @ Reseach Reactor Database (http://www.iaea.org/worldatom/rrdb/)IZ & %
&, BfE, 2iERT 246 EOMAFIEEFTH S, RIFLVFIZA—-XT+ 7Y 7D OPAL
(20MW)T 2006 4£ 8 H 12 HICEERITEL T3, 246 EDH b, us 7t 49H, 729 H
41 7T, ZO2HETNI/3DOFZBREL TS, 2L T, 7YV 77X 55 ROWEFEEFTH
2 1). BZEORFIIMTO@ED TH 3.

HAE 14, 9@ 14, 19>~ 5, AV F 5, AYFR¥7 3, A¥7R¥ v 3, @®HE 2,

NE¥RY Y 2, DARXRF v 1, ¥ 1, 4 1, 88 1, XvF7954va2 1,

RXFFAH 1, 2L—=v7 1
o, PHE, BB, AV FTRFLLMEFSERPTH 2. 74 TOHFEROFEDH 5 23,
MBIEBIC LK DERIZIEI»IEL LR, 74V EVOHRFEZEEL TS5, 1988 F0K
HKRNEHEOREE 2 RIE LT3, FIFBROGHEEH 5 L 579, 255 bBUEH, MBEN
HECI VBRI R EHPEED L) TH B,

FNCA 2MEOHEFDHELEZR 206K 8 IKR TNV I I 74 ¥ 2 DAKSM). £7-, K9
WKRELTHBRICE LD, BMORZBIIRLTUREBVLZRVEDIEADZ L 2w, EOoED
FEDOH b E#EZ D> TMHBEATEONZ DY, FHEINZKF»SEL shtl,

77 EEDEFNHHAENTIZ NAA BT 28/ 7NV — 780 THBINTED, NAA &3
HEINTS, HETHZIRBZHIZ2DTHS) D,

¥75, BAT NAA CHATE203H 2H 0713, BENLENEZ S - -hiEFRoRHE
BH3 LI TR20DT, BAOFZAATIBRENLHEARZBEANICEREZE 2, GHEst
TEHMREESFILEhIBEIZ, ZORYTIRARVE, ) PPPRBoAIETIRRVY, &
PSRN 2P ETERH D, FoFT2IERTENERELVES &, B,
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TAEA Research Reactor Database &3

#4B8: MNA (Malaysia Nuclear Agency) M
%0 RTP (Reactor Triga Puspati)  PlUsat
38 TRIGA mkIl ‘
#Hh 1 Mw

MR 19825

BEEY A )b 6] GESH)
FRBER: 500 B5RE [12A-1H 138
. 1 2x102 noms!

FF: NAA, R, SANS, 92

K2 =L—>7
AV BBIEZEDRBVBREL T,

g4

H8B8: TINT (Thailand Institute of Nuclear Technology) lHoap
4 8: TRR1/M1 (Thai Research Reactor)
B3 TRIGA mklII
WA tmw /2 MW
EER 19624 / 1975 EGHE
EEY A & 12050 G4, 468

M3 &4
g ST, S HTE 2 FHlE LT 248, SBAT E A
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H4B8: NRI (Dalat Nuclear Research Instit
% #: DNRR (Dalat Nuclear Research R
B3R TRIGA mkil / IVV-9
#7250 kW / 500 kW

MEESR- 196345 / 19834 30E
BEY A JJ0: 100860, 194 7 0/H
FREERR: 120080
HEFE: 2.1x108 nomls?
FIMA: NAA, PGA, R

M4 _FFuh
BEEINEAEES AT L,

NyT5F1a T
#3B8: AERE (Atomic Energy Research Establishment)

#Hi: BAEC 3MW TRIGA Mark-1I Rescarch Reactor

BU5L: TRIGA mkII

HA 3 MW

YIEER: 10864

o4 o)1 GBS GHSF)

R 260851

PEFE: 47 102 nems!

FIF: NAA, REBE, 8H, 2947574

Ko N7 I954a
£72, K., EEIE Sy 710y F LD, PGARBEORE % Hifid.

BE

H#B8: KAERT (Korea Atomic Energy Research Institute)

#HT: HANARO (High-flux Advanced Neutron Application ReactOr)
H#H71: 30 MW

MGR: 199548

B YA £ )L:280 (E5H, 458H)

FREGERR: 2000

FHFR: 3.0x108% nem?s!

FH: NAA, PGA, RIBUE, BAL, 7947974, sner

AGN-201: KYUNG HEE UNIVERSITY |
1W, 19824 |

X 6 HRE
, FEfIZRFEE. HANARO 12T st owr
BLTEEw,

HANARO DAtz KRG DIFE—FEH 3
No.19 %

Wz



A RRI7
H#488: P3TKN (Center for Research and Development of Nuclear Technique)
£81: TRIGA-2000
B3 TRIGA mkIl
H77: 250 kW / 2000 kKW
PIEER: 1964% / 20008808
FER S A U ERNER— 2HRHIE
R ERRE:
PRFR:
FAM: NAA, RIBGE, 2947974

AV ERLT
H4BB PYTRR (Center for Development of Research Reactor Technology)
£51: R§G-GAS GA Siwahessy
B3 Pool, multipurpus reactor
H#77: 30 MW
PR 19874
BEY A U0 12HEE—-16HEE [15 MWCETE]
R EIRISR: 3500 KR
FHFE: 2210 n emds!
FIA: NAA, RIBE, 2940774, B, SilEH

M7 4 Fxy7
gL oY M AT

\leTI

FE

NAATERS N TV AHRF
R £H WA [ e fE
friem ¥’}
CIAE HWRR-I 15 MW 24310 fiait
CIAE SPRIAE 35 MW 40%1067 AEHE
CIAE MNSR IAE 27 kW 10x 310 AR

WEXE  TSINGHUA 1MW
SIMT MNSR-SH 30 kW
RIGS MMNSR-SD I3 kW

RYIRE MNSR-SZ 30 kW
INPC 8FPRR-300 I MW

P{TRIGA i)

3

LAR10% o T

7 BEROFQROBETY. RESHT

H.13 RSG-GAS D e 4f

AV RRUT
#4B8: P3TM (Center for Research and Development of Advance Technology)
£ 80 KARTINY
B3 TRIGA mKII
H77: 100 kW
VIR 19794EY0E
BT A 2 5HAE
SFRBERR:
PEFR:
FR:NAA, 92A 7974

M8 thE

BHEIZCIAEOREE R (L L LA T) L HEEE, PEIINAAICFIAI N T 2 08B —HS

WE, China Advanced Research Reactor(CARR, 60MW)232007 52K F 1E.

P FSF e &#E At L ARRERST &

3= 7 24
e MNA CTINT AERE KAERI NRI PZTRR CIAE JAES
b RTF TRR1/M1 BAEC HANARO DNRR REG-GAS HWRR=II JRR-3 JRR-4
Hh 1 ity Zhw 3 b 30 MW 500 kW 20 W 16 MW 20 W A5 W
EET 4 2 GESHIGESH) 1A3RIGESH)  SERGESH) 2568 o0Esf 12BEE - 168 268 =]
1.2 MW TIEET 1420/ R 15 MW TYEET
EREETEA SO0 200083 260850 450085 12008504 B008FR 430085 53385
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rakit: 25x10' Naaz.g4ax10" long:3.6¢10% PH1:52x107 T:5.3007
awe. 1.2x10% NAAZ: 1 10" HRI1:96X107  g:4.0x107
NaAFE L 2000/4 8000/ 007/ 2000/ 4 2800/ 4F 150/ 8 116/4F 1270/
HAAEI & 20X 0% 10% o 20%
NAAZT A—F " k=l ) B ) B E.
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1. Tz

HIZHERD OB BT WVWRAROKRETH Y, ME— NEBHNLHEF AT O - kS DR E
ThHd. ALY L/NEITH D DICBES & LBNPIEIICKE I TEY, THRIEE
THLNERBOBHEERE D 45 BEIGEWVESEHEGE O TV, 207, AITAERK
M OBERZFFICEZHEFELTEY, AOEEREH M52 & TERERE DYIHIEAAK
TRt RAEBATAROC RS EHFTED.

TRBEBIUONVTHENIZL T, ZHhETH 382kg OREIPHIERICHELR O, k2 RFIE
THIZE™MThn., Zick v, AfBROBKRBRICOVWTE LS 1Y 22oHh5. ZhiZMi
TEFEfTbniz Y= ey 788 Bzl 2) ki TtHonzaike LTEER
ZEiE, EMoPLEEICSATSE Th BE#MBOER THS. Z 0 Th (ZF LeHBIT
Procellarum KREEP Terrane (PKT) & MeiEh, EANZIIZOGEEMHRT DI LN TE R,
KREEP &%, WWHEBETE (/002 CEREHEEBLTO L BE THESEPICRVAENT
IR RICBE L T TEORK T, ThizRENTHS.) THH K, REE (ﬁiﬁfni), P
WEDEALEVWIEKRT, A~v/~v4—v x> (LMO) OFEMERBO AV MIBfRL TER LI
EEZOLNTWVWS., ZOX )R EEROHZD “FetFtE” OFEIR, A OB &
FEICEBR L TWARREENRSHD. LorLansb, 7RaB LUV THEOFEM AL, 3T
F D PKT IZIEVEBICEFT L TR Y, fROFERFEEZAONCTEZ LIXR#EETH S, — 77,
1982 SEOFMBETOF R LK, BIEE TITEMBOMENS 40 B E (K 30kg) FIXESHTW5H H
FEEIE, (LEEROSEENS, HREIZL > TAORRMOEEAIIKEHINIZEATHDLEE
265, ZNODOABAEOHRICIE, EEBIZE > TEEY V7Y V7R Thit TWRWEMRGE
BOLDOLEETHEEZOND. ARANABOIEVEANL L7200 SNTEHE TH L6,
VE— bR T =2 bbb T, BRIATONMEMBOMKE L ERICHEET S
DOEERFBRETH D L2 5. TR FEE L I BANC, ARG ORI RES
HZEIEL. FZCARMETIE, ABRAORFEMERASET S ZLICEREZEE, FICEM
EEMHMBROERBROEVEZR T O EZANE L.

2. HAREAFE

AMFZETIE, 1998 —1999 FIZHME CH A SN 7- ABFA Yamato (Y) 981031 & Y 983885, &
02002 EIZE TH R X7 Dhofar (Dho) 489 DMK Z K&, Z DRIFEHIKIC OV TE
BIHZEEAME L. Y8103 IRAE MRS EIBLRERDPRELILEATHY, 31
WFRBEN S ARG Y793274 L T THBHEVIRENZREINTWS [B]. e b RAEEH!
R4y & LR E RS NRE LTZMEE b ofER (EET87521, EET96008, QUE94281) 72 &
ENTEY, ThHOBAORBFEMKROBEEESERHI TS B4, 22 TR
XY 981031 %_”EP'L) z, BEMEAER SN TW5 ARRA (EET87521, EET96008, QUE94281)



DILFMRE RS, B—RBFZ L —F —HEOAEHIC OV TEE L. Y983885 IRAH MM
B4y~ b Y 7 24z PKT k& 5 (KREEP ®° Mg-suite 72 &) #3LABETHDH I LA
BEEShTWS [5l. Zo0k 5 ERFHHFEE~TARA Y 983885 DILFMEMZHA LML,
TReREBLOVE— VI U /F—Z LB TH LT, ZORAORRMKEHFET S
TLHHME L. Dhod89 IO T= /R 7 7% (M Mg/Fe lb) fIRENLRDABATH
5. Dho 489 @ Ar-Ar FERIF 2.7 BEL VI ERKHEVERERL TSI EMb, ZOER
DB OERPER SN TOHAREESTE IR S [6l. FRICHFITE Y ArAr F£R%ZR
3 (~44 85E) BER XS0 AMBA Y-86032 13, ThB#EXARAEABRAGOPF TR HLENWI L2125,
PKT 22 b#< AN BREROABETH S Z LAHFIN S (FI2E7). £ Z THW Ar-Ar
FERETFRTRAE ARG Y-86032 & Dho 489 D{L#H, HA%EH, B L ORMKERENT —F
FHLER, ThOOEAOERAFHREZALMNCTI I LEZEMNE L. FICERFETIILE
MRERDZZ LT, ThODBRANBREFR TH S 0RHF L%, KL EROERBREDE
WIZOWTHERTAZEEZEMNL L
3. EBR

AR TIE, 3 BEOEMBHILON THHENZ v BT, BBDETHRIHLSIH, B
RETFHIESHTEZRVT, BBAOHMRILFERE RO, £, BERETLETHS REE O
GFHEROEE, BEROERERIIOVWTELDEREEXTINI1D, BEREET7AVE
BN L > TABRAETDOE REE XL Th, UDEE%1To 7.
4. BEBIUVER

Y 981031, EET87521, EET96008 i & (f QUE94281 &AL #MmRIX, RAERmMKY
& VLT (verylowTi) MERENRALLERTHHZLERL, BRAET—F LKL Y
981031, Y-793274 3 L 1t QUE94281 DAL MRIT R A B RS L LKA RS TET 1
21 DEISTRALTVWSZ ERbhoi. Y-793274 & Y-981031 X7 THH I & (3], B&
U Y-793274 & QUE94281 A% “launch pair (RI—®ZETA»SHEH I, BleZ#RICETL
FRRBENT) ThiZend [, ohbd 3 S0BRE (YYQ ¢MHT D) 3T THEHEEX
bh3. AFETELNESELFEROBLMR, ThoDABRARRA—Z V—F—ERTH
5 k&M< AW L. EET87521 & EET96008 1327 T& % (EETs L Be#7 5 #l 2T [8]).
AHETELN EETs 0B L EMBROBEMEI N b OBARRT THD Z L 2RIXFL
7-.YYQ & EETs ® 5 >DFEA D REE HFERE /¥ — 1%, KREEP O35 — 2 LREIL T,
20ED, —hbd 5 -OABRARIREAERHRS LBERERSIIMZ T, KREEP 251 3 B2
SRBELEEETHEEVES. bbbl ARANLEREZKHT DA X hOEEIID A
sl lEZLNDED, LR EOEL OBEAEELARA YYQ & EETs i3F—7 L—%
—EETH D LFERTE 5. Sugihara et al. [9] 12 & > TEMMAR A HRE S 172 Y 981031 DE
EHIR O TREERIL, AR TELNE YYQ BXWREETs O{LFEMM (8 TiOz, FeO BL T
Th ) & E<—BL7k. Liz2RoTYYQ & EETs ORFMIKIL, {L¥EHNB I UETFENICK
ik VLT ¥l (Mare Frigoris, Lacus Somniorum 33 X U} Lacus Mortis) OWWENnTh
AWz b,

Y 983885 DML (#iC REE 1) , fREPIC VLT BXRERY, BLUIR
®» KREEP LREMNBALTVWAI EERLE. Z0Z L, BRA¥EHT—F2L—KTD. Y



983885 |3 A FR A Calcalong Creek & OREEMEIRIBE N TWA R, Zh b DEA DA {LFHEK
ALMNCRRY, THRODBEXIRT TRV %2R, Y 983885 @ TiOz, FeO BX !
ThBEYL, JLVALEAVBIUNLF - TRRARIF—D ) E— bRV U ITT—HF L BT D
EHEITE L BT RN 3 BETEAE L. — 21X PKT AiB#gH, 5 —2i3AF V=¥ —
JVHER, B 1T South Pole-Aitken #§#& (SPAT) T 2. Y 983885 (Zix PKT HkDOKE 72a
A O(E# 0.5mm) BEThTWA I Enb 5], ToRFEMEE PKT fHETHSZ }:7b=%’@é
n%. PKT A:D#T, Y 983885
DILFMRR L &S & < —FHT 5
T “v—5——T o h— F#lig” T
5. Hawkeetal. [10] (Z3—F—
— v h— Rz lowTi BIL W
VLT ZREBFET I L2 BE
LTHEY, ZoOHKNS Y 983885 D : : ,
EFHIR TH 5 TRt FEFICHV =Gy H— I\ﬂﬂiﬁ 2V I/ﬁ—/v;ﬁﬁ

Loz s. Db, LMK, & ——
PR LY T— R YoV ST o & W % »  leweiing

B1 7VvAvEAL itk D AlEFeO 534 [4]. Y 983885 »
LR (Bl ; FeO =9.7Twt%) & &b L < —E¥ 5 MRk —
F——YyHI—FHETHD.

—ZDOHBIZLY, ¥—TFT——Ty
H— RS Y 983885 i IR ik
DEAENERTHD /R TED.

FEEIZHWV Ar-Ar ERZ TR T AL Dho 489 IR AEABRA DT TR B EVKERECKE
ExRL, HRbEV Mg# (Mg/Mg+Fe) mol%) %7~ L7-. Lucey and Cahill, [11i3~ 7R+ 7
VRHSREHESABULEBCEELTVAZLEZRELTEY, 2o 7/X 7 U REMLE
£ E A IR Dho 489 DREFHIR TH 2 L KR TE 5. A DEVWRIRA R (FM T 60km,
BT 80—100km) 2R TH AN =A L, LTEL ZITIANRLNTVWDET AR S wF—¥
¥ (MO) RRTHBD. MO EFT ML B &, AR LE 400—500km £ THEML, R
WAHENRTWBERT, PALARVHEAIREREL, BEO/NSWHARAIIZELETSZ L TH
EEMBPERL-LEIOND. ZOMOEFAEZE L L HE LT Snyder et al. [12] ©
EFNEHRWEZE Z A, Dhod489 DIEEMHBECKMREBFRTHZ LB TE A o7, Snyder
etal. [12] DEFMC X B LHRABEH LEED 5 DX MO B RESE{LE T8%DHETHDHH, D
EE LD bR OHEARHEHTELLRE LIRS, BRLE %D <hDb
EHTARREDEERETREBEORML Y &, Dho 489 ORHEBELEFMRITI TS, L
7223->T, Dho 489 # R T AHRERTIBRORVEE T/~ oAHLEBARETHD L
Zz2 oh5. BEMHLEARE S EED Dho 489 23, BRLELLBHLEZHARBETHEHLWVWS Z L
6, AOHEEMBROFERBEFIIEU»OERIELEBED T, RERZRMZER> TV E
265, Z0X) REREOEFCL > TRMEBRUOHAFENELZLbDLEZLNS.
Dho 489 & FEICKHBETHICZ LV Y-86032 DHKGBOHRAEEGH (LG LBHTS) i
Na lCBOHERETRLTEY, HMEDEAE 7 bRt LERRAEZEATHSLEZ BN
%. Sm-Nd RUZAS o R, LG HRE (BIXUMKEOER~ M) 7 X (DG LBHET D))
» Sm-Nd ERiT 44.3 BET, endlt) (=-0.64) FADEEZTRT 18l. ZDRXS3RAFmr—



Nd %X TRTB R 2 & Y86032 DERIZ KREEP 5 Tholc s EZExbhbd. ARICLDR
b Y T, WM ED KREEP 45y (1%KH) A% Y-86032 (IRBA L TV AREMENRENT.
L7232 T, Y-86032 DEFHIBIIFAREMBZOTTY, FHT-O LIFHIN I MR THD LEXD
n5. AMETIE, RAEAREG, 7ReRBBI I E—rer v 7o7—224ALT,
Pl B OMRAEBOFEERE RB b2, ZOXIRABRALTRaRBBL®Y £
BV TOT—F 2R LT B O R L D X ThE THR LY. AR THLRHT
REREMBOFHMKIL, PKT HROT Rl B2EE L1220, TRETDODABRADAND
REL DN RRAEMBROMBICHEAT, BHERECERESEVEEZ R L. £z, B
& & A 2EOMBMARIT, 7R NS RED b RAUHGRO FEMK L LB LT,
FeO EREIZZ L, 7D MglFe BBV A TREHITH 5,
BEXM :
[1] Lucey et al., 1995, Science 268, 1150. [2] Lawrence et al., 1998, Science 281, 1484. [3] Kojima and Imae,
2000, Meteorite Newsletter 9(1), 2. [4] Arai and Warren, 1999, MAPS 34, 209. [5] Arai et al., 2005, AMR 18,
17. [6] Takeda et al., 2004, LPSC 85, #12222. [7] Yamaguchi et al., 2004, LPSC 85, #1474. [8] Eugster et al.,
2000, MAPS 85, 1177. [9] Sugihara et al., 2004, AMR 17, 209. [10] Hawke et al., 2003, LPSC 34, #1198. [11]
Lucey and Cahill, 2006, LPSC 37, #1660. [12] Snyder et al., 1992, GCA 56, 3809. [13] Nyquist et al., 2005,
Antarct. Meteorit. 29, 57.
it 3°
Nyquist L.E., Bogard D.D. Yamaguchi A. Shih C.-Y., Karouji Y., Ebihara M. Reese Y. Garrison D., McKay G.,
Takeda H. 2006. Feldspathic clast in Yamato-86032: Remnants of the lunar crust with implications for
its formation and impact history. Geochimica et Cosmochimica Acta 710, 5990-6015.
Takeda H., Yamaguchi A., Bogard D.D., Karouji Y., Ebihara M., Ohtake M., Saiki K., Arai T. 2006.
Magnesian anorhtosites and a deep crustal rock from the farside crust of the moon. Earth and Planetary
Science Letters 247, 171-184.



AL 18 SFERS TR IDR
{LFHARRICEE DS 2 VA T4 MRADEBREDOEE
EHRERFRESE ALY SR BELE

Iz

2L A T4 MNERIZFEIZH VT /R Ca IZZ LVEA, £ LTI b DOFPhile] %23 5 IkEEW
B (kK T 3wth) M oRRY ., FEREZEERVEB~T 1 v 7 EBATHS. ZORAIHTANE
BTHHH, T DOBRENELNREE 2 NI MEKGMERIZI > THMmT25 COLCV =
¥ R4 MNEFER L EUT 2 500 ME L7-BRR & B2 D, BEL LA T4 MERIXFABEANL b
EEB AN MBRBREINEY MLOBRBEYME LTIERLIZEBX 6N TS, L1L, ZTRETIZE
SOMREBINTEIZ LD LT, TOBMERLFERR EEED2 v A T4 MEAORHSZ PR
S0 U - R ET L ASRESE STV VR,

INE COBRENELLOMFENL—ED2 LA T4 MERBRIN—TBICR 2 EEIFIERE T
KL, 2 A T4 MERRBRENEEGFELZTRENIREIN TS X HICEESHERE KT
BIN—TEBIZ2 VA TA MEROERDLHHRRRRAEMEZTTZ L b#EIh W32l Zo
X2 v A T4 MNBRIZZN—T 3T LTEBETH 2 L TEORERICOVWTHAZEREZB LN T
ERHREINS.

F I TAMETIIZOAIZER L, BREENEE (A170=5§170—0.526180) IZX>TxL A 51 b
[BR% 3 2O A—7 (Groupl: —0.62= A0 (mg#: 70~78), Group2: —1.20= A70=—0.81
(mg#: 72~87), Group3: A70=—1.75 (mg#: 83~91)) IZHYFEL T, 3 2D LA T4 MBI N—T
BT BB A DS EHERE R, 2 V1 T4 MERBREDOESERIZOWTERTAZ L 2EN
L1l

Ak} L B

ABFZETI2 YT790981, YT791538, ALHAT7257 D 3 >D= LA FA "MNBREDHM&EIToT-. TNTho
Wih (8 0.3~04g Z¥ERRIZL, ZO—8HE25E L TOMIHAVW. o RikE LT, BI% vy ot
&, AT O EaPTE, BESERTHAHEOPTIE, NiS fire assay ¥ MASOE-FERFL ST X
< HENFEZRAV, TE, BETREOBELRITo7-. AR THWZREHE, Y790981 A3 Groupl,
ALHAT7257 % Group2, Y791538 %3 Group3 IZ53H & 5.

RRLER

[BETER] =21 T4 MBRIZEICH VT A E CallZ LWVEA TR EINS. Zh 608t Mg
RFe 2 XA TRE LTEL~YT 4 v 7§ THD. ZDD, YO A 54 MEAIN—TFIZBN
THINLOFZED IAFIUZ VI Na, Y, Ti, AR EOTROFEEIMELS, —HFIhboo
G IAENRTV Cr, Mn 72 EOTCHRITERID % B L CEOFEEREV. VA T4 MA
AIIFREREZEER2VED, ZOGMIZEY IAENRT VAL Ca 23518 LTV 5.

BT CRRBRIIRSMUE~ T bRV TRIET S, Lo T, b ORI
BYiAEND Mg, Cr, Mn 132 L1 T4 MEABREOREWE & TRV BEBL2VEB LI LS.
REFEBa FF4 MBRE VA T4 MER®D CrMg i, Mn/Mg 2 KT % & Mn/Mg itz Fo L
A4 MERINA—TIZBWTH CM 22 RS54 MER LFEICBW—EEZRT. UL, CrMg kit
CM = F7A4 MBERIZHSRCr B LTEY, ZO/II2 VA 54 MNEREIN—THBIIERS. Zh
i A 74 MEABRSREH-SEBBMOSMNERIZLDOTHY, Cr 2154 NERINV—TF
IR BEASVTEBIRIBIC TRV AEN--DELEZ NS, ZDOZ D, L1 T4 MNER



RS CM 22 RS54 MERIERL UL E f > TV RIREMESZE 2 b D,

7, 24 54 MBAEORATRARIZTDS
N—THC Rz AEM%ERT (Fig. 1. Se, Yb id=
LA T4 MEBROBRIBDIZBNTAV TR LY
HLEEAICRY AT TV, ZDH T N—T RO
R DB NI 7 DR NERT D ETOR

BOBOERB LTS, Z1—7HE0 YbiSe lbE A Grour2
R3&, Groupl X2 DR HRBENKE <l E‘ g?s‘é’;gl
DI N—TF L FARELSE TR, Group2 (Yb/Se A ALHA77257
av.:5.33+1.19 (X 10-9) ¢ Group3 (F:9.38+0.21 W Y791538
(X109) 1ZEDHARRRB. BREDHBVITYR ]
FEA 1 D THIESIRR CKERIERE&E5DT, " "

ZDWII2 LA FA MEREET—ELRDIbDE
Zzoh3d. LIL, FENENOIN—TSTRRD
ERTZENDRUABRIERZE-LI1IIEZON
V. ZDXSIZavA T4 MNEROBATEDOE
MRS b LA T4 FRABEROBXRE w0l
B\ VIFE TR SN RIREMEA R S D. g

[Big: K] Fig. 213214 74 MBRADOBKTR
% CI 22 F54 MERTHEML L, ESREEEENAIZ
WRE=HLDOTHD. 2154 MNERED P4, Ni, Co,

—1IAB
-©-Y790981

- ALHAT7257
£-Y791538

CI-normalized

Au, As, Ga IZOBSTRICHL R/ LTS, ©
NHOFTRIISBRACTY ALV, — Tt

0.1} =

D5tE (Os, I, Ru, Pt, Rh) iZ&BEMICIRDIAE o AR
NRAVTEHETHY, CIX0.3~05 & HBHIE 7 Os Ir Ru Pt Pd Ni Co Rh Au As Ga
AT, CORBLY LA T4 NARRKE e RETREERSSY

IZBWT, SIEEOHRER TE X b TV 5L BEA- SR OSBIME Z - TV RN E X
bhb.

214 54 MBETIZ CoNi BAE L HAULTWS. LA T4 MNERD Co/Ni i/ N—TRITER
RY, FRNEhRREBESVONNER:Z L 27T, £EHEAICH CoNi MOSRIBREETE,
IAB $BRIT2 LA 54 MERER T X 5722 CoNi %>, [IAB $kBERITL VA 74 BB & [l
12 Pd BB LTRY, 2OBSGTRFEENF— i3 b4 74 MEAEFFIEEULTWD (Fig.
9). TORERITL LA T4 MERH IIAB SR & RO BER-SBIERHOS ER 27 "Rett %
ARLTW3B.

FEATIZ metal AEET BIBE, TOBRADBETRITZE ZITHET S metal IKBEL TV LEEX
BB, LA 54 FNEBICIZRA D CoNi x> 3 BED metal BFET D Z LHAFONTND
(Typel: 71T Y RICIFET BERIRD metal, Type2: FLMRIH %380 2 REEVHEICEE NS vein
metal”, Type3: 72T LV RAMAHHBRITIC K - TTE /2 low-Ni metal B). =v A 51 FMERINA—
D vein metal’® Co/Ni I FD I N—FEDELE CoNi tk e BV —E%E/RT. £/ "vein metal”
® Co, Ni iX Co/Ni (751 T ZhoDEFEL TABSRA L —&T 5. 2LV A T4 ER OBETT
RILE D ITTHET B vein metal’ DILFMRARBL TWH EEZX DL, CoNi HRBRBTRIFER S
& — 5 [IAB SKBA N LA 54 MEAREEICERL, BRALAREELSZ I OND.

[1] R. N. Clayton & T. K. Mayeda (1988) Geochim. Cosmochim. Acta, 52, 1313. [2] H. Takeda (1989)
Earth Planet. Sci. Lett., 93, 181. [3] J. L. Berkley (1986) Meteoritics, 21, 169.



FERER OLEERAR & FHBR AR *Cl OARRRIZE 4 4158
B RFERRKFEGEEFEAMLEER (LG
XL sIc]

FEA F OFERAE RN %6Cl, 0Be R 2Al 2 ERH Y, 2 b OFHRERBZRIIE
ICRRIFEHRIC X DRAPOFELROBMERIGE TERT 5, 3Cl Z AR T BRSO E
IeABHTERIL Ca. K. Ti. Cr. Ma, Fe, Ni Tdb B, 3CHIZZ DM 3C1 55 _RFHEF DMK
S XV AERT S, BIE. BAERR» O L 7-&BHERB T O 36Cl & AV 7= #BRk%E THERD R
Do T3, L., EREMASCE2ARBHIRT S sl OBFEHIID v, @BHERRY.
EEREAR 2 HREHIEM TR R E L . RBVEHELLLTH D,

FHREREROAERRIIA T A A RERLE AT 44 FRTOREIC X 2B FHROT
FNF—LBEROBE (EEDER) EFET D, TORDEREORERFENSEN TR TR
5, TRNOOFEMTRENOLD SCLEREEZRD D Z LBTENE, AVRBORNRES
FVHLLERTE, ZRKTTHAITHTFOBERLBONIFAREERH D, ZOREMTEN
5D #Cl ERBERD B T-DIZiX, —DODORAREID LILFEMER O R 2 EEEOME B L.
ZHD6Cl 2 ER L, {LFRARE ¥Cl ERERD LB TBEXNENTHLERDH D, 3¥ClDER
IEBE RS AMSEEZAWSD, BALESMLTC i LR2ThiZe bR, Th
FTEERBOSMEL LT, TAh Y R L BORENREICAVON TSR, BOMREI
SROBIZCIPHEBELTLEIBNYEHY, TA0 ) @fRRIIBEE L =B nE L 2D, £Z
T, HICTHLHHICOMTE B THASHITAD Y BRSRIELZRI L,

AFRTIITNANA Y BIRSRELHE L BANO B LD CIIBES AMSIETERL,
FARDL R SEMTER T L D QL AREEZRD, BAROBNREL POREHECTE
DPRETAHZEEFEHBE LT,

[ZILh BRI RE]

RRIB G5 S FIEERBDOJA-2, JB-2)E ANWTT A0 ) BRDRRIE O D REF OREH MBVEE
LEFIARET Y U ARMBOZRIZER LTITo T, REHRER. SWERORLRSE
AIEAEREL (JA-2,JB-2,]JG-2, JR-)EFAVTHMBREERR)» O IMEEL RO, Fic, ZOREEZH
AFREFHBIFERT 3 BAFICT 2 SHRE & 4 B2 TC 20 pRBH 21TV, INAA ICX Y RO E
fTo72, E£7-. Gold Basin UARERET NI VERGIFEL TN Y MAETHOM L, AMSTRIC X
% 36Cl ERfEZ B L=,

. #1 OB
HR BN FHEEXT ~ REEORE ___ ARIET N LRGN
S ‘ TR B2 JAz
TOTRMERDODEERL DY makmirossmke@ 6 0 6 6 3 6
- R (C) 70 %0 120 120 120
BEHERIICE LD, fa 5K (%) 893 916 960 975 96.1

kBt b Y O LBEE 6mlMATHREREITo2LZ A, Fy M7 L — FOMBIEEA
120°CLA LT 95%LL EO R o7, -, fAFKE{ET Y U LK 3 ml TOSRERTIT 6
ml AW L X LRIGEDOREETH o1z, Ko THfEEHFL LTHERKEET MY U ABKREBNE
#3ml, MBI 120CLLLE LTe, ZORBTIEOBRYRLEREZIToTZE Z A, FEREER
Bt FEERIT 98 ~ 100 % TH o 7=,

o, BETORFEMRRERARILE LA, C & Zt BENEN 0.99% (B-2) ~ 29% (JA-2) & 9.5%



(R-2) ~ 46% (JA-2)F& > TV, Cr & Ze IXBERHEEGM THD 7 u~ A b VN ar DEEHEIT
FThd, LoT, Zu<Af hEINarNERIZHEL TWRWATEEDLH 5,

ERERKIFEA TIXEBHEZ ATV, ZORETIISRHEELERICOMTE RN LR
bhote, 2T, TNhVBRBESREORNICBLEL N TE&BRHEELEMR I, T OREMK
BitT NY U ARKEMATT AN Y WRGFRERTT D BEZRE L., BaTo&BHEORD
DICEBEE L e, ERERORD Y ICERIZEERE (G2)R2REeSE T, BUBRAAMNZ
ER L. ZhEfl LiznfiE CEREIT o/, TORBR. DFRIT 9% U ETH Y| E@EAL
BBEZZOFETHRTEDLHW L, Lo T, ZOoRELZBEARHOER S, 740
BARIE TR LTz %Cl EBRER L TN H VIBRORIETHR L2 6Cl EBRERE LR LT,

Gold Basin [EAD 7 /L0 Y @ARIEIZ X 5 3Cl S E D E R 2.8910.09 dpm/kg, 7V 4 YV EHR Sy
FRIEIZ X B 36ClL B O EBAHIX 2.5210.10 dpm/kg TH o7z, DD 3Cl FE BRERITHI 10%LANT
—HT B eBbhot, ZRLizLHru~S MRERIIHMLLENWEEBZILNDDT, 7
mwA b2 %ClEREICENIZERETIVRIT L, R THRINTICHRETICER-
7o LARET B, 36CL ERFER DD Ti D25 D 3CLAERREN 4dpm/kg Ti THDH L RBEABD I LN TE
7ro BEEBPTI LV REVCDSCAERFIXTINOD SCLERELY b/hESNEEZBNRD,
ZDHED Cr B D 36CLAERE [dpm/kg CE LARET 5 &, RERE TD Cr 526 D 36C1 AERRE
[dpm/kg bulk]IX 2 EFELD 36Cl EBFERIZ 07 %FE L TWD, THITRIERROEL Y /NEL,
Cr DBIBHTEZHLEZOND,

(REMEAEDD *C| £RLE]
RERRE - AL LT Allegan H5[EA & Barwell E2’aorkiR

BarwellFRA AlleganfR B

LSRR Z AW, A Z AW TEERE) HIERE — [dpm/kg] [pm/kg
3 8.1+02 11.6 =04

HELBHRIZS T, &BHITHF OB L2 L. &8HE BRI 76402 8302

REICHE LTV SEMEMAEZRE L, FCMM  cumnomrmtama 61005 61200

AR L D 2R RE L BRI OB TSI & Sutronemiie  6hios 11502

MRS e LT, Bbhkgz Ty ZREECHTENERE 6207 11202
U YRS R RIEE IV THRIRIL L. AMS IEIC KV seCl ZRIE LT,

BR-ER . FHOCIBE (R2) »POL2ERABPD 6 #FRL TAHL, BRLELTEE
KRB OPERLEY 10 %N THERTE, £HO 3CLJEICBVWTKRERMBEIIE -7 EZD
TENTE S, BUBHEMAHERBICESICER L Q52 01328 OB EEIMA L 2E
FEE AR OB R YAMESL AR D 36Cl BEIZ—B T 31X TH D, L L, Barwel FEA TIX—HL T
Whhot, i, BAIEHEMRERICER L TWRWI LERLTWS, Eiz, Allegan [8
B TII2ERE OB RS D 36C1 B XV EERRIEHH ORR RIESESLMAR D 36CLIRE D /NS
BEThHoloZ LIZEBHOERNPFEREEZOND, ZO/BRITEEMITFE LR,

& BT D 36Cl P EE I3 Barwell FBA T 22.40.5 dpm/kg metal, Allegan A T 24.7£0.9 dpm/kg metal
Thotz, BREFANELE TS L, AFRTHWZRABHIA T A n A FRIZBWTREMNE
TEHBBHNE2SZIT L, hERATFaAL FTHLEPOWTRANTHD I EPHETE S,
A%, INAA XV BIBEI OB LBEHROTREREZITV. FENTRHNDL D 6Cl ERERE
RKDD, ZNHD WCLAERBIVBESNTWIERET NV LHET S Z LT, AVZREARE
ORHRELFIZHELIHEEL TV,

[1]Leya et al,, Meteorit. Planet. Sci., 35 (2000), 259-286.




TRk 18 FFEZFER LG

EH DALZELHTH b B 7z FORTE OBUKBREE O
HRRFERFHERAERN REOTHLYHRE EFNAE

[BCHIZ] EEBEADIE, bbbl OTRPLEBICHINERE THo N, BMRICLBHEDT

TT, BERRROBERITIZLA LE> TRV, LPLIOL S RAMRBEE~ORE, £kl
RE~OFHMEOEE Y » 5, ITFERFIBELL TR TH EICBKARRA TTEALR &0 KRS
DERBBEAITOND L HITRoT,

ZDXD RO TH EIZERINTEATORER, RAROREOREL LY 5> 500%5 T35
Lid, SROERBEALORELEZ D LTHHEETH D, AFETIL, BARBEOREZFTHHAL
FROFEEZEEOLESEZBLTITO) L2 AL Lz, BENIZIZ. ARHE. TRONEHRH
D5, BRI, HEICER L, ATREL RARBEORKBEZ{To 72,

[ER] BAREORRHAL LT, ILFJIROALTE BAEBEARARE ) 280, EE2HE
FRNZEBR LTz, OV s LT, EEPETBES ST (INAA), PHEFFHRANEYT <Ry
#r (PGA) [CX D RDOERST, A ANRNTT —HHEIC K DEO(LEREBIHT. B L RLE DS
L, RROTELE L TGRBAE=ZB# L OB EITo T,

[ER - Z8] INAA, PGA OFEREN L, “HIAMD S DBRESHADOEIZER L. BILETREBOEN
WOWTHERET L7 (K 1, Al ic X W #kk), TORER,. ZBEOFRBTHREL RoTWWHEW
ST EBGNY, EFTARNTT B L ZEDLFRESTICI VRN LR, ThiaXHFd
DREBREONE (K 2),

“HADEEOSHEFROBKMEITORE. ALRETLRROTFEOLFHNEL HIBREFR
THZLBTE, EEOEFENFEOEREZRIIBLBRTEMICENTE S EEX N, 7=, B
BITRKEBOENEAHRME LEEMTTEREL, FTROREOZRIEEOKEICHAERHZ LS
AIREEE R LT,
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