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§1.

BT R ovF =53, W FEAIIRER (P 22.5MeV) L0 &<, BITEEES, (7, po) K
JEN & HEEMERELARIE (e, € po) RUE & OHEMIZZEEEK (0w =40MeV, q=0.3~0.4fm™ ') ¥
WTIZ, (e, €' po) RIS, BFHRMESRELEThH MBS N BEEERIEE, BF A
EHERH S 03 BERERIEOEHORIENFEL TV EFPHRaN 3, WETFEAL
REIEIC B 3 2C (e, ¢ po) KIHIZ, J. R. Calarco et al.’% N. Zimmermann et al2ic & -
THES N TEBY, EREEFELMERICBT 3 “C (e, ¢'po) IS, G. Van Der Steenhoven et
alPITE > THES TV B, TOMERICBT B (e, ¢ po)KIEIE, O (e, ¢ po) KUE 2 & ®Ni
(e, €po) KLY DATH B,

&7, BB B % 6.74MeV (7,/27) KU 6.79MeV (1./2") ORI B3 RISR, (7, p)
RISTEIEF A O, BERMRELER (e, ¢ po) BRINICBVTIE, FERICTH VT & HHE
ENTVEY 20ERE LTR, "CORBREBICBY 3BT O 1f12, 1sue, 252 RO0
EEBHRIG R T two-step IIG, & 7o @PRIFRBBROFS B EMBRZENT OB, W
NHREMNREDOTIFIE W,

Z I T, TOHREICE VTR EREREDS X CBIIERIREICES °C (e, ¢ p) KIE
B ARG FOASHOFMERANE &3, EHICEETH 3, £HSRIOERT, ou
t of plane DREEFTE > 725 Out of plane DREF, FHEZLCHIEEICBIT 2T O BB B
L EBIRES OREEBIEL (ME-HEREERERD ZMET 2 T L0 TE, BB O MBS %2
HOMIZT H2DICENTH 5,

T ITR, BELMEREOENAS, BRI DL > TV RVLOT, F LV ER KB LIMET S
HT &L, MHEHEICED 3,
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BU/SIVAE =L e 2k Ly
F+— (SSTR) ZHWT
fTisw, BFE—20E
B3, ¥ 200nA TH »

foo TENIIC X » THELS FIK EROERY,

niETFIR, KBEF X~
s box—% (LDM) i
- CEEESTES N, &
A EOFEERN Y 7 b =

vN— (VDC) RU 2@ 575
TSRF IV VFL—FILL-T
B L7z, 8 St E h B
Ti&, 3@l FEAER TS
(SSD) » o BHmtdRIcL-Tx
FVFE =T LT, EROEF%

1K, BB OmRXZE S 2

I, BEEMES 1R, REBED

ABEFO T 3 )VF — LHEE
HELBETO T x V¥ — L EEE
BT O = 2 v F — LHEEIE ; E,
BRI 3 VvF — LB E,, D,

BiITEER ;T Birziry-—; o BFHEW; 0.

BELEH &N E ORTA ; 6,
BATERR S BT S 0T ; 6,
\teﬂon sheet

BB R ORI E 5 2 RITRT, Ti foil
1 stainless holder
%52 BB ORI,
3 il B AR A (SSD) H» 578 5K+
K25 DX,

1R UC (s €p) "BRILDEERSEH,
AHRBFzxVF— E (MeV) 129+0.26
ETRELA 0, (deg) 30+0.8
BimEEE g (fm™) 0.347+0.04
BTz ixv¥— o (MeV) 40+2.5
B oE S t (mg/cm?) 18.5
BN 2 vE— Ex (MeV) 0~24
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F2R RRHGBORE &,

SSD B &
(6, 9,) 1EH (£gm) 2JEH (mm) 3EH (mm) &M (msr)
c 0, - 50 1 1 7.365
(7.5°,-135%) 50 1 1 7.365
( 15°,-135°) 50 1 1 7.365
(22.5°,-135°) 50 1 1 7.365
( 30°,-135°) 50 1 1 7.365
(37.5°,-135°) 50 1 1 7.365
( 60°,-135°) 50 1 4 5.636
(¢ 90°, -135%) 50 1 4 6.458
(120°, - 135°) 50 1 1 5.664
(120°, - 135°) 50 1 4 6.358
( 150°, - 135°) 50 1 1 7.170
(180°, - 50 1 1 9.623
(75°, - 45°) 50 1 1 7.597
( 15°,- 45°) 50 1 1 7.365
(22.5°,- 45°) 50 1 1 7.459
( 30°,- 45°) 50 1 1 7.365
(37.5°, - 45°) 50 1 1 7.377
( 60°,- 45°) 50 1 1 5.636
( 120°, - 45°) 50 1 1 5.697
(150°, - 45°) 50 1 4 7.204
§3. AESH

SSD = x v& —Kik, FERHIIC e — 2 "Am, E,=5.49MeV) TFT1 5, LB
DORBRTREELETFO/Ny 2 759 ¥ FIRETH 23V HABIESERN - 0 L CERRI
DIRNF-—RIELETNTLESI LMD, 22T, SRIOMHITTIE, EBEOE— 2%
T (e, p) YYINWT—LDF—35%LD, AE-EFEEFAVWTSSD O x 3 V¥ —KIEEFT1 -
Tzo SIBNCHIE LT (6,, ,)=(30°,-135°) KB B T3 V¥ —KREOKTERT,
3K (a) &, 1/EH, 2 BEHDSSDICLBAEEF oy +T, 3K (b) 3, 2EH, 38
HDOSSDICkBAE-ET vy bTHB, £, HIX () &, 50um & 1mm D SSDic & 3
TR IVF—BROFHEMEE, F3IXK () 1, 1mm&ImmdSSDicksxx vE¥—HKkoD
AEfEZ 7Dy P LcbDTH S, BSSDOZXVF—KRIFR, TOFHEMET 1+ v 71 v
TR EITE->TBIN T2,

CO&ESIT LTKRIEL 72 SSD 2 S i I FEB = % V¥ — %K, MHEBFoEH < 3 v
F—H 5, Missing energy spectrum &4 3, Missing energy (E.) 13, BTz x V¥ —
(), BHBFOEB X V¥~ (E) BLUOEEREICS 3BREZORB 2 vE— (E)
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(b) 2 EB\ 3}%@@ SSD l:cké AE—E?on b !‘ o

FE3IX SSD = & WF—KIF,
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[50um SSD]

[y

Energy loss in JE counter (MeV)

(]

[1mm SSD]

Energy loss in JE counter (MeV)
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! Proton
L (¢)
a T T ——

R IR RN RSN N T SN SN SRR '
-2 0 2

4 6 8 10 12 14

Energy loss in E counter (MeV)
[Imm SSD]

(c) 50um & I mm @ SSD IT & 3 x % V& —$BH OB,

Proton

PR R B R R R ST

-2 0 2 4 6 8 10 12 14
Energy loss in E counter (MeV)
[Imm SSD]

(d) 1mm & Imm @ SSD iz & 3 = x v —1BH O EfE,

B=R (Bex)o
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ZHWT, ROXHITEKE B,
E.=w—E,-E,

FaRc (6,, ¢,)=(75%-135°), ( 60°,-135°), (180°, - ) kB3, BFoO
Missing energy spectrum 27”9, E,=16MeVIZBF B — 7 13, BEABEREERE (¥
VXY F4=3/27) IWETVLARNVTHY, Ex=2.1MeV, 5.0MeVIRLTHBE— 27 i3, B
MBOZx V¥ — €Y -YF 4% 2.10MeV (1,727), 5.02MeV (3,/27) DEEHEIR
IR LAVEIEL TV 3, 6.8MeV IicBiF 3 =213, 6.746.79MeV (7,727, 1,/2*%)
IR LTWT, (7, p) RIMCBWTIRIRS Bl 25, EHUERELER (e, ¢ p) RIKICH
VT, BEAZENTLRLY,

2C (e, ¢'p) WELMIERGIE, WHHELOF— 5 LHKT BT Lick > TR/,

SEYERELO B WA 1, — i

L )= oux | o |
EDF B, TIToyld Mott BELMIIRETH Y, Fo RIERKFTH 2, AHEF T 2V F—
129MeV , BFRELARE 60°1c81) 3 Fo OfER, KB E 7+ v 74 Y LTAE Lz D%
MW, Fo=0.624 & Utc, HMBELOWIRREEZ 0o 29 3 &, MBI N, DTFToXk s
605,
N/D=0cg+AQc*N,* 75
AQc 1 A7 b o X —4 Ok
N, B ORFROMEE
D &R (SEM) Ti -8
n o EELETRONE
22T, Km0,
0= S)w 7 K (AB)
K (ABE)=e®+e e (w-1)/0
e~ % : Schwinger Correction
e~ °® : Bremsstrahlung Correction
(w - 1)/ o : Landau Straggling Correction
L&Y, ARBET X V¥ — 129MeV, BTHELMARE 60°, AE=1.0MeV, EHIE X 18.5mg
Jem? BT, K (AE)=0.836 TH 3,
2C (e, ¢'p) BEMERGZ, & Missing energy $HRICH1F ZBBTFOME (counts) A
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dole, €p) _ counts
dQe'dQ 0  AQe*NteneDeAw-AQ,
TRDl, TIT, AwBBITzRAVF-DIRTHY, AQ, BGTRINGONHKATH 5,

Missing energy spestrum T, 13~19MeV , 22~24MeV , 30~35MeV iz} g % fHIKIC B
7% 2C (e, ¢ p) BELMTEREOABEAMHELE 5 KIT/RT, 13~19MeV iF, HEKZE EEKINE
KU 2.12MeV 2RI 3 SUSE b & MBI TH 0 22~24MeV 1, 6.74,76.79MeV
IR T UL DAE ST TH 5,

60 LANLEELLEN BN AL B AL AL B
- (a) (75 ,-135)
50 -
L 2
g 40 : j
g r l EZ bl
S 30 8k 2% 4
- { ¢ g
20 + > 52 .
10 F ] H{ }H ﬁ I .
I I TgHE ]
0 redesedsoodboodioed 1 1& i%}h iiii{%‘@d-ln
0 10 20 30 40 50
Em ( MeV)
14 L N D 'o"’
" (b (60 ,-135 )
12 [ (b) ]
- 2
2 et
10 - Egg s
$15 |z
6 VPR .
4 - Y ] I i
1 HH i { MH '
0 1.0 JL:A{HJ L e Bl L cedeeede !

0 10 20 30 40 50
Em ( MeV)

4 Missing energy spectrum.
(6,, ¢,)=(15,-135°),(60°, - 135°), (180°, - ) icIiF % Missing energy spectrum.
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35 _ﬁ T T T ' T ¥ T T ‘ T T T T I T T T T I T T T T :
E (¢ (180, -) 7
30 () E
25 | ]
o f ]
E 20 - 3
2 E ]
P -
15 [ 3
10 | 1 ]
0 L dciticndionss l; doosde d_&-_jL H P T J. OO T | ]
0 it 50
Em ( MeV )
FAK (BeZ)o
Cross section Em = 13 ~ 19 MeV
( ground and 2.12MeV level )
b X2 WL DL I B LI B AL B R R B A
a o g s ]
20 T i
HI ]

Cfp = ase

-
73
™
—8—
o—
o
o

—
=}

cross section (nb / (MeVesresr) )

Lo v baggg ]

ST SR

5[ I 7

0 HTT BT ? 1 i L ! TR W RTINS 1

-30 0 30 60 90 120 150 180 210
0p (degree)

HE5X PC (e, ¢ p) DAENT,
Ld 5, ZhEh Missing energy 83, 13~19MeV (ground +2.12MeV), 22~24MeV (6.74
/6 79M6V) 30~35M6V &Jﬁﬂf\?‘ 5@?55}75&‘.79 0’(‘(‘50
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Cross section Em = 30 ~ 35 MeV

10

”'g,,? o fp=-135°
% i% o §,=-d5°
Sl 0% :
25T i {

ppottl gl
% .l--ls:%xnll ?a|| ol

0-30 0 30 60 90 120 150 180 210
Hp(degree)

Cross section Em = 22 ~ 24 MeV
( 6.74 or 6.79MeV level )

P —
T o fo=-135° ]
Z T

z 2| T -
= T

E t

=

!

2

2 T ! )
2

a ?
0-..1..1..1.,}.}‘.1..!,.

-30 0 30 60 90 120 150 180 210
'9p (degree)

Fo (BEZ)o

§4. 8 %
ER R O MENTR S, B AV VIERIC & > TRO L S5 ILH5ZX 505,
do= oy (VLR, + ViRy + VipRircos ¢p + VipRrcos 2 ¢p)
2T, Vi, Ve, Vir, Ve BARBTB L OBEET O TR E 5 EBFIMRETRT
BB OBIRIRAA TR, FFHORIE, FHEcBT 3 HHME T~ THERK RO
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BINTV3, OS5 R,, Ry RBETHELCHICEHh T T ZhENHM, BlERKT
H5, FREHERTH L {EHNDI Ry, R THY Ry RRE-EEREBE O THBIH, R
RSN TBE TS 5, ChoOTHHIE, BiicBs 2B EN, BHRRSOTH
DR, TN ThORDSOWMIHEEREL D ICT 5, IMEMMIBTERR ¢, BTK
Hiff 6, , IRHBBFO T X VE— B OB TH > TV Y + v FVOZIEN, BEBIEEM - TR
DEIIEKE B,

Ry = %A.'P. (cos 6,)

= %BVP, (cos 6,)
Ry,= 21 C*P,* (cos ep)
Rer = ZIDI'PIZ (cos 8,)

(1) E,=13~19MeV
W. E. Klepppinger and J. D. Walecka” D FEICHt » THBEERISHED 7 1 v 74 V7
%§778 > 72, W. E. Klepppinger and J. D. Walecka DFiEic khid A, B, C, D ig,

A= 3 a(SLLLI) My (S;LLY (I N0 ) * 18,000 )

JJLL’S
B=-+ ¥ by (S;LJ; L") My (S;LLY) TN P11 0 ) % I 11T 0)
2 grrLs
cl=fi_ Y o (S:LJ;L'J") ReMty (S;LLY) (I B, 11 0 ) % (182,11 0 )
2 JJLL’S
D=t % d(SLILT) ML) I 0% G I 0)
JJ'LL’S
M,=1q E(EY W) (4 1) 7 )L (LS | LS | T
&M, V2J+1V2T+1 o -
G 7;)7 2J7r>7
a)—wJ—i% w—wJ.-i-ir—ZJ

ERTIENTEB, T TERAEZHHIZT B0,

I')%)
C(LS | H=(-i)) —2LE = S|P I, 0)
w-—wﬂw? 2J+1



L)

. 1

T(LS | N)=(-i)) —2F
w—wJ+iL‘ 2J+1

2
PUI)= 5 (1 +(- 1) w7,

CJ= % V(ST

LEET B,
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LS JITI0)

» TJ= X VIS TS

T4w T4V IS5 2A—=5E0LT, CUS|J) BXUTUS|J) &1,
N5 2 = RGIRT B leHic, AS=0 OBIERUVBEOF + VX VOANEFEH, H»

S J'=1" L2 REBOAFIEENE EVWHREETRL,

Ips itV fcE LIt BIBDZABCUS|I) BLXUT
(LS| J) 28I RITRT,

T4w T4 VI OREREHEO6N () ITRT, £/2ZD
EED/NT A =y EHOTHEL CEBPRRE & #ER
BEDR VLR, VrRr, VirRir, Vi Ry DA
ZHO6K (b) IT/RT, 185 XA — 7 DEEE 4 RITR
To

T4 T4 Y TORER, T1,/C1~05EMH 1,
Goldhaber-Teller Model Z{RE L& &D T1 & C1 DL,

TL4H=—IEX§-
RHELLMER, T1/C1l=—083&>TW0W3, TOD
T &3, MEmTEAERICK Y 3 EEHERTIE, ey
Ty TEBPEENAEAICRERERELOTHBLS | T
1| b LA oBTEEEIC 3B T Goldhaber-Tell
er Model Z Wi BENERBEOK 35 >THWBY

FEERBICBT 3BT,
3k WMhHB52—%,

S=1
. L=02
sl S, °D,
. L=13
J"=2 p, P,

C(LSY), T(LSY) i, ko L,S,
JOMTH %,

TR 5 A—-FDE,
X107* (MeVesr) 2

C (0111) —0.95

c (21 4.7
C(12) —0.71
C(322) 1.8
T(01[1) 0.46

T (211D -2.3
T(12R2) 0.49
T(322) —1.3

TEEEZERICOVNDEIBEELWVEE L >TWS, 12, T1,/C2~—0T& oM, T2
TT2, C2 ix2W\WT Siegert DEEMSKY > EREL & ZD

— — 3 @
T2,/C2=—y3x 2

DEHEMET2 /C2=—0T2 L 3FFELWHEEK T, C2,/C1 OfEIF, ~0.6 &7 -7,
F/hT7 49 T4 VI TRDICUS|J) %, Goldhaber-Teller model 2T Siegert D EFE %
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/Hé | O ¢p = - 450
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1 1

wn
T

cross section (nb/ (MeVesresr) )

=3
™TT

-30 0 30 60 90 120 150 180 210
6 p ( degree )
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®0s (n, 7)™®0s 5.8%+0.1 5.6+0.4
RuCp: Ru (n, 7)™Ru 12.3+0.1 4.0%0.5
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The Internal Standard Method Coupled with the Standard
Addition Method as a Powerful Tool for the Standardization
of Environmental Materials by Activation Analysis

K. Masumoto

Laboratory of Nuclear Science, Faculty of Science, Tohoku University
Mikamine, Taihaku, Sendai, 982 Japan

The new aspects of the internal standard method coupled with the standard addition
method (ISM-SAM) have been reported through the analysis of environmental materials,
such as urban particulate matter, vehicle exhaust particulates and coal fly ash by photon
activation. Gamma-ray spectrometry using high-resolution Ge-detector make possible to
use several internal standards simultaneously in order to crosscheck the analytical results
obtained from each internal standards. It was ascertained that this method can provide not
only accurate analytical results but also the information of homogeneity of samples, corre-
lation of elements in the sample, loss or contamination in preparation process and the de-

gree of nuclear interferense.

§1. Introduction

Activation analysis has very attractive features, such as high sensitivity, capability of
multielement and nondestructive analysis, and applicability fo various forms or matrices
of sample. Though, large and expensive facilities, such as nuclear reactor or accelarator are
indispensable for activation analysis and they can not be used anywhere and anytime for
routine analysis. Therefore, activation analysis should also play the another role which can
not be realized by usual analytical methods. Indeed, activation analysis have been fre-
quently used for the certification of reference materials. Then, the pursuit of accuracy and
precision should become one of the most important work in activation analysis. From this
point of view, author has been developed the accurate quantitative methods for standardi-
zation, such as internal standard method and stable isotope dilution activation analysis for

about ten years. In these studies, the internal standard method coupled with the standard
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addition method (ISM-SAM) has been applied to the trace element analysis of several bio-
logical and environmental materials, such as plant'' 2, serum®, sediment* ® soil® 7, and fly
ash® by photon activation and charged particle activation.

In this work, the attractive features of the ISM-SAM obtained by high-resolution 7-
ray spectrometry will be mainly shown through photon activation analysis of some envi-

ronmental reference samples.

§2. Principle

In activation analysis, the internal standard method is the best method to evaluate the
incident fluxes on samples, because the effective fluence of incident particle can be evalu-
ated inside the sample. On the other hand, standard addition method is the best method to
match the elemental composition between sample and comparative standard and to com-
pensate matrix effect, such as self-shielding in neutron irradiation, stopping power in
carged particle irradiation and self-absorption in measurement. The combined use of above
two methods in activation analysis was first presented by Leliaert et al. in 1958 as the in-
ternal standard method.® In spite of the ideal characteristics of this method, the theoreti-
cal treatment and the effective use of this method have not been searched so far. In order
to distinguish from other internal standard methods, the author calls this method “The in-
ternal standard method coupled with the standard addition method (ISM-SAM)” .2

When the sample and the standard addition sample are irradiated by different fluxes of
particles with the same energy spectrum, unknown amount (x) of element contained in the
sample was obtained by a simple equation':

x=y/[(R*/R)-1]
where y is the added amount of element, R is the activity ratio between two radio nuclides
produced from element to be determined and internal standard element in the sample,
and R * is the ratio as above in the standard addition sample. Usually, R and R *are the
peak area ratio of 7-rays due to two radionuclides. In 7-ray spectrometry, the geometrical
factor, such as small difference of sample shape or measurement position between sample
and standard addition sample can be canceled by this peak area ratio method.

Clearly from the above equation, it is not necessary to correct the fluxes bombarded on
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sample and standard. The sources of systematic errors accompanied with irradiation, meas-
urement and spectrum analysis are also canceled by this double ratio (R*/R) method.

In order to obtain highly accurate results by the ISM-SAM, accurate addition of ele-
ments to be determined and homogeneous mixing are indispensable. Therefore, “How to
apply to practical cases ?” is one of the most important theme in the development of such

a quantitative method.

§3. Experimental
3.1 Materials and chemicals

As sample materials, NIST (National Institute of Standards and Technology) SRM
1633a coal fly ash, NIST SRM 1648 urban particulate matter and NIES (National Institute
for Environmental Studies, Japan) CRM No. 8 vehicle exhast particulates were selected.
The NIST samples were dried according to the instruction for drying from NIST. The NIES
sample was weighed without drying. Standard solutions of element to be determined were
purchased from Junsei Chemical Co. Tetraethylolthosilicate and water were distilled twice
and nitric acid was ultra pure grade.

3.2 Preparation of standard addition sample

An accurately weighed sample (~ 1 g) was dissolved in conc. HNOj in the acid digestion
bomb (Uniseal) after addition of spiked solution containing the accurate amounts of inter-
esting elements to be determined. In this work, standard solutions of elements to be deter-
mined are added with micro-pipet (Gilson). These added amounts were always
checked by weighing distilled water which was pipetted as the same manner as standard
solution. The resulted solution was dried and added equal amount of 4 N HNO; and
Teteraethylolthosilicate with stirring. After gelification, the silica-gel mixture was dried
in a microwave oven for several minutes and powdered. Additional drying was performed
in an electric furnace at 400°C for 2 hrs, in order to evaporate HNOj perfectly. Four por-
tions (~200 mg) of silica-gel powder samples were doubly wrapped with pure aluminium
foils without weighing and shaped into 10 mm @disk. Three disks of untreated sample were
prepared as the same manner. These standard addition samples and untreated samples were

sealed into a quartz tube.
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3.3 Irradiation and measurement
Three or four pellets of standard addition sample and untreated sample were simulta-
neously irradiated with bremsstrahlung of E,,, = 30 MeV for 3 hrs at the low energy sec-
tion of 300 MeV LINAC of Tohoku Univ. Gamma-ray measurement was automatically done
by the robotic measurement system'® connected with HP-Ge detector (Rel. Eff. = 30 %,
FWHM = 1.9keV for 1332keV 7-ray of ®Co) at 3 hrs, 2 days, 1 week and 2 weeks after
the end of irradiation. Spectrum peak search, decay correction, calculation of activity ratio

and quantitative analysis were semi-automatically performed."

84. Results and discussion
4.1 Internal standards used for photon activation

In this work, several elements such as Na, Mg, Ca, Ti, Mn and Fe which commonly exist
in environmental samples were used as internal standard simultaneously, Several
radionuclides are produced from above internal standard elements by photon activation and
emit some characteristic 7-rays. These nuclear data are shown in Table 1. Their half-lives
are ranging between the order of hour and year and their 7-ray energies are covering be-
tween 160 to 1369 keV. Therefore, these internal standards were used for measurement at
any cooling time and were very effective to check the accuracy each other. The combined use
of multiple internal standards and standard addition of multielement can also provide the
homogeneity of sample and/or the correlation of elements in the sample, because the ISM-

SAM can eliminate various systematic errors on activation analysis.

Table 1. Internal standards and their nuclear data on photon activation analysis.

Target nuclide Reaction Product Half-life Principal 7-ray
(abundance, %) nuclide energy, keV
% Na (100) (r,n) 2Na 2.602 y 1275
Mg (10.0) (r,p) “Na 14.659 h 1369
“Ca (2.086) (7r,p) 2K 22.3 h 373, 617
“Ca 0.187) (7, n) “Ca 4536 d 1297

7y (1.4) Cr,p) 3¢ 83.83 d 889, 1121

“ 7y (73.8) (r,p “Sc 3.341 d 159

9y (5.5) (r,p) *Sc 1.821 d 984, 1037, 1312
% Mn (100) (r.p) 5 Mn 312.2 d 835

5 Fe (2.2) (r,p) % Mn 2579 h 846
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4.2 Preparation of standard addition samples and their homogeneity

The homogeneity of a certain element in the sample and/or the standard addition
sample can be always checked by the ISM-SAM. Table 2 shows one of the results of simple
addition method. By this method, the equal volumes of 4 N HNO ; and
teteraethylolthosilicate were directly added to the NIST coal fly ash with stirring after
adding standard solution of elements. In this case, Sr is the element to be determined and
Ti and Fe are internal standards. Then, the activity ratios of ¥ Sr (388 keV) to ¥ Sc (159
keV) and ¥ Sr (388 keV) to ** Mn (846 keV) were measured in three portions of untreated
samples and four portions of standard addition samples and shown as cps of peak area in
Table 2. The specific activities of ¥ Sr, # Sc and * Mn in each sample were different, be-
cause each sample was irradiated at different position. Though, it is obvious that activity
ratio become constant, if each element is contained homogeneously in the sample. In the
case of 'Sc as internal standard, the relétive standard deviations of the activity ratio R
and R* are 0.6 % and 1.0 %, respectively. This means that Sr and Ti were very homogeneously
distributed in the unterated sample and standard addition sample. In the case of * Mn, the
relative standard deviations of R and R* are1.0% and 13 %. This large value of R* means
that Fe became unhomogeneous in the course of preparation of the standard addition sam-
ple. It was found that the main component containing Fe was paramagnetic substance and
was biased to the bottom of Teflon beaker by using magnetic stirrer before gelification.

In order to avoid the above case, the acid digestion procedure was added to the standard
addition scheme. By the digestion using conc. HNO; , samples could not be decomposed per-
fectly and components of silica and/or carbon were main residues. Nevertheless, it was as-
sured that the homogeneity of standard addition sample was kept by this digestion method
not only in the case of fly ash but also other environmental samples, such as soil and sedi-
ment.

4.3 Loss or contamination during preparation of standard addition sample

In the standard addition process; sample solution was homogeneously doped into silica
gel by the hydrolysis of tetraethylolthosilicate and powdered. This doped silica gel powder
made easy to handle the standard addition sample and did not cause any matrix effects. In

order to check loss or contamination during preparation of the standard addition sample in
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Table 2. The activity ratios of ¥ Sr from Sr to *'Sc from Ti and * Mn from Fe in NIST
coal fly ash.

a) Element = Sr (Sr-87m, 388 keV), Internal standard = Ti (Sc-47, 159 keV)

Untreated Standard addition
No. cps (388keV) cps (159 keV) R cps (388keV) cps (159 keV) R*
1 799837 139.527 5.7325 938.533 84.407 11.1191
2 838.297 7 144.957 5.7831 994.221 88.581 11.2239
3 876.953 153.316 5.7199 10659.340 94.436 11.2175
4 1208.850 106.131 11.3902
Average 5.7452 11.2377
Standard Deviation 0.0334 0.1124
9% Relative Standard Deviation 0.582 1.0003
b) Element = Sr (Sr-87m, 388 keV), Internal standard = Fe (Mn - 56, 846 keV)
Untreated Standard addition
No. cps (388 keV)  cps (846 keV) R cps (388keV)  cps (846 keV) R*
1 799.837 315473 2.5354 938.533 ,  185.705 5.0539
2 838.297 332.883 2.5183 994.221 178.102 5.5823
3 876.953 352.772 2.4859 1059.340 7 154.640 6.8504
4 1208.850 7  193.601 6.2440
Average 2.5132 5.9327
Standard Deviation 0.0251 0.7819
%Relative Standard Deviation 0.9998 13.1797

the case of NIST coal fly ash, an extra sample without addition of Cr and As was prepared
by the same manner as the standard addition sample. If Cr and As were contained or lossed,
the ratio of this non-addition sample (R*) to the untreated sample (R) should not become
unity. In order to obtain the information of the non-addition sample, the average of the ac-
tivity ratios of the untreated sample (R) were taken. Then, the activity ratios between® Cr
(320keV) from Cr or ™ As (596 keV) from As and five internal standard 7-rays were meas-
ured and calculated the double ratio (R*/R) in four portions of non-addition sample as
shown in Table 3 . Each rows shows the reproducibility of four portions of sample and each
column shows the reproducibility of five internal standard 7-rays. In the both cases of Cr
and As, the standard deviation of rows and columns were almost same as counting error.
As the results, the total average were 1.00 & 0.03 for Cr and 1.01 & 0.02 for As. Then, it was
concluded that any loss or contamination did not occur in the preparation procedure.
4.4 Homogeneity of sample
As described above two sections, it was assured that the standard addition sample can

be prepared homogeneously without any loss or contamination by using acid digestion
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Table 3. The results of loss and contamination check for Cr and As in the standard addi-
tion sample of NIST coal fly ash prepared by the acid digestion method.

a) Element = Cr (Cr-51, 320 keV)

Internal standard (R*/R) Std.
Nuclide (Gamma-ray) . No.1 No. 2 No. 3 No. 4 Average Dev.
Sc-46  ( 889keV) 1.01 0.98 0.96 1.01 0.99 0.02
Sc-46  (1121keV) 0.99 0.97 0.97 1.03 0.99 0.03
Na-22 (1275keV) 1.00 0.98 0.95 1.02 0.99 0.03
Ca-47 (1297keV) 1.01 1.01 0.97 1.03 1.00 0.03
Mn-54 ( 835keV) 1.04 1.00 0.99 1.05 1.02 0.03
Average 1.01 0.99 0.97 1.03 1.00 0.03
Standard Deviation 0.02 0.02 0.01 0.01
b) Element = As (As-T741, 596 keV)
Internal standard (R*/R) Std.
Nuclide (Gamma-ray)  No. 1 No. 2 No.3 No.4  Average Dev.
Sc-46  ( 889keV) 1.04 1.01 1.00 0.99 1.01 0.02
Sc-46  (1121keV) 1.02 1.00 1.00 1.00 1.01 0.01
Na-22 (1275keV) 1.03 1.01 0.98 1.00 1.00 0.02
Ca-47 (1297keV) 1.04 1.04 1.00 1.00 1.02 0.02
Mn-54 ( 835keV) 1.07 1.03 1.02 1.02 1.03 0.02
Average 1.04 1.02 1.00 1.00 1.01 0.02
Standard Deviation 0.02 0.02 0.01 0.01

method. Then homogeneity of sample was checked by comparing between the standard de-
viation of R and R* as the next step.

In the case of standard addition sample, 1 g or more amount of sample was taken and
processed. In the case of untreated sample, smaller amount (~200 mg) of sample was taken
and directly wrapped. If the interesting element is not homogeneous in the untreated sam-
ple, the standard deviation of R become larger than that of R*. Table 4 shows the example
of Pb (**Pb, 279keV) and Zn (' Cu, 185 keV) in NIES vehicle exhaust particulates. In this
case, “ Ca (1297 keV) from Ca was used as the internal standard. In the case of Pb, the stan-
dard deviations of R and R* were1.2% and 2.5 %, respectively. This means that Pb and Ca
exist homogeneously in the untreated sample and the standard addition sample. On the
other hand, the relative standard deviations of R and R* for Zn are12.2% and 1.4 4, respec-
tively. These values mean that the homogeneity of Zn was not good in the untreated sample
and was improved during the process of sample preparation.

In the case of NIST urban particulate matter, about 80 mg of sample was taken as each

untreated sample. Nevertheless, the relative standard deviations of R were always very
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Table 4. The activity ratios of * Pb from Pb and ¥ Cu from Zn to ¥ Ca from Ca in NIST
vehicle exhaust particulates.

a) Element = Pb (Pb-203, 279 keV), Internal standard = Ca (Ca - 47, 1297 keV)

Untreated Standard addition
No. cps (279keV) cps (1297 keV) R cps (279keV) cps (1297 keV) R*
1 7.4806 1.4659 5.1030 12.8364 1.2376 10.3721
2 8.4904 1.6814 5.0496 13.9570 1.3070 10.6784
3 10.1309 1.9587 5.1723 165275 1.5036 10.9918
4 19.2730 1.8312 10.5246
Average 5.1083 10.6417
Standard Deviation 0.0616 0.2648
9% Relative Standard Deviation 1.2049 2.4881
b) Element = Zn (Cu-67, 185 keV), Internal standard = Ca (Ca -47, 1297 keV)
Untreated Standard addition
No. cps (185keV) cps (1297 keV) R cps (185keV) cps (1297 keV) R*
1 11.8963 1.4468 8.2225 23.5548 1.2618 18.6669
2 16.8425 1.6521 10.1945 25.0074 1.3808 18.1112
3 206719 2.0094 10.2878 28.5976 1.5348 18.6325
4 329771 1.8004 18.3171
Average 9.5683 18.4319
Standard Deviation 1.1664 0.2655
9%Relative Standard Deviation 12.1905 1.4405

small for all elements to be determined. Then, it can be concluded that the homogeneity of
NIST urban particulate matter is very good even at small portion of sample.
4.5 Correlation of elements in sample

Now, the comparison with the standard deviation( o) or R and R* give useful infor-
mation about the correlation of elements in the sample. Table 5 shows the results of NIES
vehicle exhaust particulates. Comparing the value or R, the relative standard deviations in
the case of Ni and Zn were larger than that of Pb and Sb. Therefore, the homogeneity of Ni
and Zn are not better than that of Pb and Sb. The relative standard deviations of Pb/Ca,
Sb/(Ca or Na) in the untreated sample were smaller than that of Pb/Mg and Sb/Mg, re-
spectively. Contrarily, the relative standard deviations of Ni/Ca, Zn/(Ca or Na) in the un-
treated sample were larger than that of Ni/Mg and Zn/Mg. This means that the group of
Pb, Sb, Ca and Na existed in the same location or cluster in the sample, bat Mg had not so
strong affinity with Pb and Sb, and also with Ni and Zn. And, again, Ni and Zn hardly ex-

isted in the same location as Ca and Na, and also Pb and Sb. Titanium showed the similar
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Table 5. The relative standard deviations of activity ratio of several pairs of elements in
the untreated sample and the standard addition sample of NIES vehicle exhaust

particulates.

a) Element = Ni (Ni-57, 1378 keV) ¢) Element = Pb (Pb-203, 279 keV)
Internal standard %RSD (R) %RSD(R*) Internal standard % RSD (R) %RSD(R*)
Ca(K43, 373 keV) 8.5 3.3 Ca(K43, 373 keV) 0.3 2.0
Ca(K43, 617 keV) 8.2 3.6 Ca(K43, 617 keV) 0.6 2.6
Ca(Ca4T, 1297 keV) 8.9 3.9 Ca(Ca47, 1297 keV) 1.2 2.5
Mg(Na-24,1369 keV) 5.1 1.8 Mg(Na-24,1369 keV) 4.0 1.6

b) Element = Zn (Cu-67, 185 keV) d) Element = Sb (Sb-122, 564 keV)
Internal standard % RSD (R) %RSD(R*) Internal standard % RSD (R) %RSD(R*)
Ca(K43, 373 keV) 12.8 04 Ca(K43, 373 keV) 1.4 2.2
Ca(K43, 617 keV) 12.3 1.3 Ca(K43, 617 keV) 1.1 1.6
Ca(Ca4T, 1297 keV) 12.2 14 Ca(Ca4T7, 1297 keV) 1.2 2.9
Mg(Na-24,1369 keV) 6.8 2.8 Mg(Na-24,1369 keV) 6.0 4.8
Na(Na-22,1275 keV) 13.0 4.2 Na(Na-22,1275 keV) 1.2 2.0

behavior as Ni and Zn. Finally, it was ascertained that the homogeneities of Ni, Zn, Ti and
Mg in the NIES sample itself were not so good.
4.6 Detection of nuclear interference

If we can get an accurate concentration of certain element in the sample, a systematic
error on the other experimental condition can be detected easily by applying the ISM-SAM.
For example, Sc can be sensitively determined by detecting * Sc can be also induced through

“Ti (7, pn) *Sc reaction and the determination of Sc is interfered. As the @-value of
this reaction is —21.7 MeV, nuclear interference can be supressed by 20 MeV photon activa-
tion.

In the case of NIST coal fly ash, analytical results of Sc by 30 MeV and 20 MeV photon
activation were 55.3 ug/g and 39.0 ug/g, respectively. Then, we can estimate the degree of
interference by Ti (8000 £ g/g) as 16.3 g, that is, 1 ug of Ti equals to 2 X107° g of Sc.
Up to now, such a small degree of nuclear interference problem could not be accurately de-
tected by the usual method.

Instrumental photon activation with bremsstrahlung of E,.. = 30 MeV has been used
for the routine analysis of geological materials, because of its high sensitivity. But, we
often meet the nuclear interference pi‘oblems in the case of 30 MeV photon activation. Then,

the combined use of ISM-SAM and standard material would be also useful to detect the
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unavoidable systematic errors, such as nuclear interference.

§5. Conclusion

As mentioned in the section of principle, various systematic errors can be eliminated by
the ISM-SAM. Therefore, the information of homogeneity of elements and/or correlation
between elements in the sample and/or the standard addition sample is clearly revealed in
the course of quantitative evaluation by using multiple internal standards. For example, if
Or > O g+ is always true for one interesting element, this element is not homogeneously
contained in the sample itself. If 0y of one internal standard is larger than those of other
internal standards, this internal standard element is not homogeneously distributed in the
sample. Conversely, if 0y > 0 g+ is always true for a certain element, this element in the
standard addition sample is not homogeneous. If o of a particular pair of elements is
larger than other pairs, this couple did not exist in the same location in the sample.

This self-checking power of analytical results by the ISM-SAM is very significant.
Therefore, the ISM-SAM will play the important role in the standardization work especially
for materials with complex matrix composition, such as environmental materials, because
of the above mentioned features. Additionally, the ISM-SAM would be applied to various

activation methods including prompt nuclear technique.
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Trace amounts of fluorine in high purity materials has been determined by photon acti-
vation analysis using the “F( 7, n) ®F reaction.

After the sample was irradiated with 30MeV bremsstrahlung for lhr, fluorine was sepa-
rated as HF by fusion and combustion of the irradiated sample in a moist oxygen stream.
The HF gas was then collected by passing through traps containing NaOH solution, and
precipitated as LaF; to measure the positron annihilation gamma-rays. As aresult, about
80% of fluorine can be purely separated with a good reproducibility, and the detection

limit of fluorine was found to be 0.03 1g/g.
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VI L7z 2o YNl L e IR RS icy — ) ¥ 7 7 L v ¥ —AFEIC T 12000 rpm O [BIERH
BT 3R L 7, MBEBIcB O — X PROFEKEIOmIBDOF 27 523l
40—60g oW T —50°CITIRBEFHAT U 7o iy BRI PN TS & ¥ /8%, EYELA SIBUEHRES
(FD —80) TI6REIBHEREE B T8 » 1, WERROHNMOERER (HRER (g)X100/
HEE () ) RIFE, MBS WT&R£29.010.2%, 20.4+1.0% CHEEEEERE) Th-
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Too BIBMKICH 27 5 2 aHTH 5 2RO TEBEOCROTES, €5 3y 7RF -
VML, [BEEEEE ETHEES0 rpm T 2 KRS & THFEL 7oo SRBIRER 7 ¥ v
ZESBVTHRL, 5500 H A XFNCERERE L, F1RIS20VOH A XFICHS
hi-FZEMROERL, 2RERICONT 28V 1 XBIMAREROEGE/RT,

%1% Dry weight of powdered liver and spleen.

fF & i i
SB0HA X
WIRER (g) % WIREER (g) %

<60 mesh 6.9 3.3 0.4 1.9
60—100 mesh 4.0 1.9 0.9 4.2
100—200 mesh 38.4 18.2 2.4 11.2
200 mesh < 161.1 76.6 17.7 82.7

a #t 210.4 100.0 21.4 100.0

2.2 BREEE

WL R B L 2200mg 27V =9 AHICES, EAHN3 mm, EEI0mm N
RIS ERE U 720 SRHRE o BRI FR i b 4 2 BERR & L T NIST SRM 1633 a Coal
Fly Ash #5200 mg % 3% & RIEOERIC LTV, 2 HoBHERR T 3 Hoaralk & i3
SATHEECHALTHRHEERE L,

2.3 BHEIVIE

BHL AR PR MR O BT EIESIC & 530 MeV HlBEH T, AREBEICHAL
Fo Rkl 3 IR Lo, RSB, BEHMES B8RRI K UMTEE & Ge (Li) HE
BRI, BESTEBEHWT r #2227 P VERE L, BEE» SHEEB B 5
I S o HIRT I3 3 ISR, THERY, 158, 5H, 7H, 20H, 37ATH 7o

24 B E

ERZ, ERAVEEOEEREOLMEEES, R OMHEE LKL TITR - 7o BTk
OEBIAVEHELZD r BT ANVF—2HE2RITRT, Calk >V TONEIR K —43
5 D372.9keV, 617.8keV D 2ED r#E& Ca —4Th 5D1297keV D ¥ D SH N B
L Utzo FREIC Zn it WTIR Cu — 67T 5D 184.6keVD 72 &, Zn —654» 5D 1115.5



%2 %& Nuclear data for the analyzed elements.
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Target nuclide . Product . 7 —ray
Element (abundance, %) Reaction nuclide Half - life used / keV

Ca Ca-44 (2.09) Cr, p) K-43 22.3h 372.9,617.8

Ca - 48(0.187) Cr, n) Ca-47 4.536 d 1297
Fe Fe - 57(2.15) (7, p Mn - 56 2.579h 846.8
Mg Mg - 25 (10.0) Cr, p) Na-24 15.02h 1368.6
Mn Mn - 55 (100) (7, n) Mn - 54 312.2d 834.8
Mo Mo - 100 (9.62) (7, n) Mo - 99 66.02 h 140.5
Na Na - 23 (100) (7, n) Na - 22 2.602y 1274.6
Ni Ni - 58 (68.3) (7, n) Ni - 57 36h 1377.6
Rb Rb - 85 (72.15) (7, n) Rb -84 32.9d 881.6
Sr Sr - 88 (82.6) (7, n) Sr-87Tm 2.8h 388.4
Zn Zn - 68 (18.56) (7, p Cu - 67 61.9h 184.6

Zn - 66 (27.81) (7, m Zn - 65 244.1d 1115.5
Zr Zr - 90 (51.5) (7, n) Zr - 89 78.4h 909.2

keV @ 7 i 5 FHEEERD THNEE Ui,

§3. WMRLEE
g & CIIEH O 115TRICOWT S 2 W o XBNCTE S 7 4 O SE I8 % K (R 2%
LEBITHMIRK, FARITRT, WIKRLY, D Ca, Fe, Mg, Rb BXU Zn O5}Hf

# 3% Mean elemental abundances of powdered liver.

Element(ppm) <60 mesh 60 - 100 mesh 100 - 200 mesh 200 mesh <<
Ca 84.3+14.1 156.1%£15.5 101.8£17.3 252.2+24.9
Fe 2044.8+94.2 1623.9£128.6 1397.0£80.8 1690.6*£120.2
Mg 241.4%+10.0 357.6+20.8 294.6£17.2 714.9£67.5
Mn 2.4%+0.2 2.4%0.1 2.5%0.1 2.5+0.2
Mo 1.6%£0.2 1.8£0.2 1.9%£0.2 2.1£0.1
Na 1968.6£66.9 2039.9+24.9 2060.1£82.6 2173.6+87.0
Ni 1.7£0.8 0.8£0.4 06004 1.5+0.4
Rb 20.0+7.8 22.3%5.3 21.1%6.7 271.7%+2.0
Sr 0.2%+0.1 0.3%=0.1 0.3+0.2 0.1x0.1
Zn 233.1%£31.3 258.4%£19.8 263.0£12.5 282.8+12.6
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# 43 Mean elemental abundances of powdered spleen.

Element (ppm) 60 - 100 mesh 100 - 200 mesh 200 mesh <<
Ca 267.7+27.9 268.6+18.8 297.2£10.8
Fe 2764.9£560.5 2818.2+174.3 2801.0+184.8
Mg 882.0£8.4 881.5+31.0 958.5£13.6
Mn 1.7£0.1 1.8+0.2 1.8£0.2
Na 2668.8£66.2 2826.9+162.4 2979.5£71.8
Ni 1.6%+0.1 2.2+1.0 2.5%0.1
Rb 46.61+1.6 48.1£2.4 499*t14
Sr 0.3£0.2 0.3%£0.2 0.2%0.1
Zn 92.6%£3.4 90.4+16.8 99.5+4.7
Zr 0.8£0.2 0.6£0.2 0.7£0.2

BREBKED BV A XRNCEBE->TVWB, £, BRIV EEHD Ca, Mg, Nak
O Zn OBHHED & bBEKMOIEHRIL B E VWA B, I X UMED 35 W4 A XH|D
BRSO A LRSS THE LR b E 5 &, HaATOMKIRS 5 VY 1 XBIOBEI
blk-THHLTVE LS CEbN S,

&%, BlEEhoEREoOBnAREIC RO EMZ 5 Licky, ML SBITRON
OEFENHO ML B EEbNh 3,

AFEETTIE S0, ABICBHETCH - BRI oM A& L, AHEHE
RSP Y Y I N—TDhH4A, BBOHLCEH I LET, i, ARENcHY,
HREAIL BN ERET O PNETFRE, WRERTSACEABEREZY > TORILE,
BRBABLE T,

e % X R
1) BEEET, BANE FEEN  KEFTHRE 23.2 (1990) 244,
2) ZBEX  BEhOBBRSBAE HEoRLEE (LEREA, 1985) .



ISR $25% H25 19924128 199

FACAIHE, w5 S5 K LI 49 oD HBR A L2

WFEAREE, BRSEEcH *, Sy ™,
RKEAHE

B - (LrhsE - R

EHRE ™ - s A

HA—EL ™
§1. FU&HIC
EERALE, BAREICE OBILAMII KL 7 o v b FichiE T 2 BReLUEERE LT
b5c FILFMMOKIL 7 v v b @IZEKLE, COERKLEDORTZDEEHHALTZT
W5, Kawano et al.” (32 OKINBELFID AR OZE(LDS, KILTEBHER LS AFNEEOZL
EhEoTWB &N, AZERDHLEIVEKILRILE, BEALLIE 2 IEK LRI X S L
126
BEXILOWIEE LT, £F?, B4 - 5840, e - FRBENBD, Zo kB
S TG A DEANSHIZT TS HIT IR TV B, 4, Bl kLoRER IR
LIERDBEZ L RENTVW S, B2, SFEY RBADOKL%EZOMERERICH &5V,
ARLKIL (38X « /MW V7 5 K1l B8EOBEEAERXL), BEXIL (KA VFS5 K
U, CELKL (—#sfEKIL) O 3FRINCHFEL TV B, FKLRFIBEEORERE b5,
KUHEDFEIZ E 12 S AR, SRR, LR & Dk SRR OZ L OBET RS -
TWb, TOLD BRFHRWINIGD S KLEWFET 5 2 & 3EMALORRSERS 2 FTF
BAROFHETH B EEbI 5B,

W, REKLOKILERFE & bic, BEYOTHERFOE, BT tER e

T & BERSE S CITBRA TTRERERE T 5, 2 LT, SRl 3 kK LEHY O
HIBRACERARFLUS © e 2 OB RN B EB R, 3V, SFEY T & 0 IR s kil 4y
ﬁéhrm%$%MﬁB%6<kﬁw?5kmt?ﬁﬂﬂﬁkMﬁ@éLtKMTbék%i
LbNBT &, KoL FDEREBRRS,

§2. BEAL
2.1 HhFEmER
B 1 Kic@RKL ORISR E RS o BEXILE YR, B E & i 15km O#EH
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FvEEE [N
BEMEE @
P} Q
v OBUBME Wl
oFRUREAE | 00
wEH 5 |
e bt
el 2
ANFT &
i

FI1R BEALORE N

A LTV, Fh SR, BIEL, fRmrE BEfE gl Ehl&Fo -2 05
JticH#E - THED, TS50~ SABENEHYERHE L TV 5, BIED» 5% 5 km PIA
TRIFEROKIRE EARELS L S BETE S, SI7E» SEANRF LTV AEEROKA
ICRBEE LOLBRD 5N 5,

EIEK IR I A DR L & R ORI r E KT KNS 5 T & RIEETH 57,
e oEE XM dELiLE i E UBERK10km ORFRARICBAVIC A VT J B0 5
N3, COHNVFSREEOICEODERA VTS EMZENTO S, BEICEREr EHa%
i U2 ERH 2 km OFFEARNCBW - EBEIEO A VT 5 B8HET 5,

EhlfhEic b FGh SEEANE 5 5 AL EOWFIHSRD 5157, 2D 5 b D—AKIIE
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HOALFTERLTVS, $LELILRIOWIEICE > T Sh TV W, ERALDOE
FHicidB L zmilicESWESRD 5N b, COWBIEEAREE S OWE CRIRNE & 2
5NTV3EY,

2.2 HOEWES

BRKLOEREE~PEROHE, OEc~EEROERE, BLUFE=Er S -
TW3, BmEKLOEE OISR, FIHERYEHAE 3 2 EFEME & OBFERBR PR T
DOIBRERLS Ep 5, BHH, 3Bb~40RERIEHESINTNEY, 7/, Itaya et al.¥ i
& - T O—EOBEHIT> W THSOHED K-Ar ERSHEShTVWEY, 2L T, kil
DT OREPT 7 7 &L OBEBIRD S BRI QIFBH R AL EWESNTVEY &
FKILOBEERARIC 31 KRR 372D, BT O T TR MY N A3 19794 2
HieRELTWEY £/, B4l F—20WEAIcd 255 TREET OMUBRHIOEHH
b5,

BEAKILOKILHE RIS « HAICH L BNSN TV B, 8 « BAY 1 L hEAR KL
DRUFEREE R, £ DKILEBEN EEIBAE OBEIC X > T4 >OFEIcA T oh b, 8
LB O Y REUKAME EXREBERERTH 50 OO OEHYIILEORTEE, 7
BB & VILEHIRIBOZE BRDEAZRICBVWTRD SN D, H2, & 3EHHOEHYI
ZIPEBEREERE TSI KBEETH 5, T OFEBIIICERAKILE, £hicgw iy &
ISR & o S « HARY iIckdud, H4EBHIcIBoELlEEMIER & iLikE
Bic s 2 BATHERYB L RO ERA R F LEERMEREhi-EshTwa,

SE, BicE2, ABRHPOEHEYIc>VT, RAEONHEHERAR S FIcEhEEE:
RAOWTEHELCHN, ZDRRIE, KR TRILE - R Wiih -7 2 TERETR, A
Hr=y b, BHEFFICOVTRERMNCIIME « FA2 S (B2, 7L, &
i, BEY XL ORI ER O 1I0km 1SEST B RE R A VT SHERETE T &
ZRL, COEERANVT S EFATHS, £ LT, BRI ICHT00km? 12 btz - TIE
D, REH35km® 1T B KHFEBARMERYY, BZ o ERA VTS OERICRGR L TR
RENISDTHAS D LBRTWE, -T, FRTREE IRV, B« FARO BE47E
BICERR & Nfc SHEE L TV 2 KEFREG R IER A V7 5 ORI - THEH L 7=
bOThHY, HBIFEHHCETIEEY TS5 LB, /NEEHP Ik B &, KEEELH
RO TR OFE o —ABHO Vv a vAKS0HERIEWVWD T 4w va Ve bS5y 7ERS
RLTWS, BERBRRE > T, BWRANVT SHICHRE U, » V7 STERE~TEREOH
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BUYIcTbhbrCLiciid,

HE - S BBARERYSEREUKAME 2 ES BV LA THEL TV 3 LR T
Voo DT LS BAY PRFEUKARE & LT LW g, ERY VT 5]
BESIC LT, KERBARERYO ThIMEYT 52 b0E, 20 bArichiE UERRESH
KBRES VR ZNERET 2 DIKTAHINBIEEE®RLTVLS (BE1R), HEXK (&

F1R BRALEEMOBFER.

B P~ S~
HSEBH L7 {74 b (F-F) AMARE (O-E)
BHlZlE (Fa=B) 35 bbiEMi-D)
5 4IEB B L8 (Su—B)

FIEAE(K—B)
HEAs (Si—B)

P BIREE (Nu—B)
P RS (N1—-B)
B & T A (S1-B)

FI3EHH piEAS Ma—-B)
EEnEs (No—B)
B L8RS (Mu—B)
BRI R ERIAS (M1-B)
s (A—B)
roE®EE (U-B)
55 2 IEEH NHR EEREE (Hu— A) ,
NHEPEEE(Hm—A, C)
N BlEEMy—A)
EEEKERE (Tk—B?) NAHRFHES(HI—A)

F1EEE REMRE (So) RHEEAHR (P) BRI VTS
BEEE(Th— A ) EIREUKARE (Tk—A)

LD D LRNIHERFOFESIE L, ®AR>ERS A 752K T,

2B TREBILTORVY, 825, HROMAMBOEAICHHYT 5 b OMEIF I,
RANT SHNEED S SOBREIET 5, CDI 5, RIBERERALOBREDILEEIE- 12
KINEB & —HOEHYITH B0 E D DPEL TR, —F, BED “KLAME" 1IZHSH»
CIRFEHORETICHET 2 bDOHH 5, ZOKEN I, ERPSUMLT, 275K
RITHIRKFISHRA U TER S h: BEPHAR R TH 5%
B2 KTt « HA® 2 —HBIE L BRI LOMER 2R L, SEHY O HIER %5 1

RITRT o TOMBERTIE, Ricdi~csofic, TS - FK 03 bbBEE%2Y LT A
FEFAHA IDPOBIHAODGBIFEEEZDLICERBDANI TVHVEFA YA v D52
Kix s iR K25 LTh b, BEE, AKLOFESTE, FEO—A (M. L) »gEL
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CHETTHY, TOMERIBEVIERIIDE LbZO—MIBLETE NS LEDN S,

!

‘ikm

%2 EEXLOHMER?Y &airateH S,
BHEER ZEANIC IS « FARY IcE %, —PEIELT
b5, BIERIBELTRAXZER, SE2=v bOFLFI3E 1
EHOEFIHLLTWS, ZARILEEELTVWS, BLmd
OB RMEES R ORIMEE R LTV 5,
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§ 3. BEAXILUEEYOEHERFIFH

3.1 BEREALEEMICHONIRILYOMBAEHE EE— FEM

BEALZEERT 2 K EHEOEERENEZHTHD, Y VT4 PRIIOA v 7 VALK
B H NG TN ) RIOEEBPL T A H 4 PERATVWS, BEIMIELTIR, AV F
v, ML, REEL, SEANG, 8L AEA, AEEEC. INOoREKLELY)
IZoWT, SE1004 Y P VOHRE— FOWEIT-> 2o O id—HOBRI2>&3000K 1 ~
FDH YV ETOVERERERD I, TORRESE 2RITRT,

HREIMDO 55, RERARECEDON, 4%»5RA2BERICB LI, FEAEZRK
SV ASDEELTR, KRETRA4SA4T WY S VR ; S VAHEEER; AV
5 VR RREL DL  REREL HEER) b0, RETRI YA T (WvI VA
HEREREL B ; A v 5 VR HAEHRERES HINEED  SEEL HEEEL) 055
HoNb, 5T, FAVA T3 547 CEREALHEBER ; A% HEFED HYHEE
A APIA A HERREL  EER) &5, ABHIYBYIEORRE RO 7 A v A
FO—EBERRL, KEFOELTADOND, BFIKBVTR, Av I vVAREARREBEEN
OEENER LD E—ELTHRVY, FA 94 FTRAEEZ4GESEL I LD, £
fo, ARGHREET 2 bOPET 5, mRKILERYICA 505, HELYHEAEDEOR
b oS0 3, MRV OREFBIER G, » v 5 va, fEA>SEEG~ BRI
SEEEO>LEANATH S, Chid, BRKLEBR L7 <, b-& il
BREcRANGEZRELTVS 500, HEMHOIKZ Lp-7lEZRLTVSEY,

32 BEAXUBEMONE : A~FF4TRILE

BEXLEHYE 2 OMBIYHAS DY, 720 T R L OBE» SLITO & > 108
LA TCHNET B EDBAEETH S, (1) A¥A47 v L7 A MRFIOI () Hy (£)
Aug basalt, 2 A 547 : V174 %501 (£) Hy Aug andesite, (3) B A 7 :
ANy THYEF Ol (£) Qz (£) Hy Aug andesite, (4) C¥4 7 : VL 74 +RF| Au
g Hy andesite, (5) D%4 7 : Vv 74 %5 Qz () Hy Aug dacite, (6) E& A7 : %
Vo 7vh ) FF Hy Aug dacite, (7)) F %47 : A2 7k )RS Ho Aug Hy Qz dacites
o oftic, BAERHOBEAEREET 5 Hy Aug dacite (P 24 7)) PEAERICEBEE NS
THEEEY (W54 7) BEHKD 5,

IhoDHh, BIICROGEVDRBY A 7OV Th VRIIEILET, UTFA (A’
288), D, C, E&fZ, ForA47rpmbdiaun,
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Fok (2D 1),
sample number rock type §i0, Plag Aug Hy Ol Ho Qz Gm Opqg
(Dry)
1-Vc (T-01) A:AugOl bas 50.54 31.0 0.2 0.0 1.1 0.0 0.0 67.5 0.1
8910034(T-04) A:AugHyOl bas 51.51 19.9 0.8 1.0 3.9 0.0 0.0 72.3 0.1
10-Vvc (T-05) A:HyAugOl bas 52.12 18.7 0.4 0.3 2.3 0.0 0.0 78.1 0.1
8908082(T-06) A:0lHyAug bas 52.95 29.0 3.4 2.3 0.2 0.0 0.0 64.9 0.1
8909282(T-07) A:HyAug bas 53.94 23.5 2.4 1.8 0.0 0.0 0.0 72.2 1.0
8909284 (T-09) C:AugHy and 55.51 22.2 0.2 0.5 0.0 0.0 0.0 77.1 1.0
14-vd (C-02) B:HyAug and 55.74 16.5 4.0 2.2 0.0 0.0 0.0 77.3 0.0
8909299 (C-05) B:0lHyAug and 55.97 19.7 4.9 3.3 0.1 0.0 0.0 71.2 0.8
8809294 (C-04) B:QzHyAug and 55.97 17.7 3.0 1.7 0.0 0.0 1.2 75.0 1.4
8907213(C~07) 'B:HyAug and 56.32 24.6 4.5 3.1 0.0 0.0 0.0 67.4 0.4
8911024 (T-11) C:AugHyOl and 56.51 29.0 0.3 0.6 1.6 0.0 0.0 68.5 0.0
8909292(C-08) B:HyAug and 56.52 15.7 3.0 1.1 0.0 0.0 0.0 79.0 1.2
8909297(C-09) B:QzOlHyAug and 56.75 24.2 4.2 3.8 0.4 0.0 0.1 66.5 0.8
8908242(C-10) B:0lHyAug and 57.13 24.3 3.3 2.3 0.3 0.0 0.0 69.2 0.7
8908035(C-12) B:0lHyAug and 57.34 23.5 5.4 2.8 0.1 0.0 0.0 67.5 0.7
8809291(C-13) B:01QzHyAug and 57.48 20.2 3.6 1.9 0.3 0.0 0.9 72.2 1.0
8905241(C-14) B:QzHyAug and 57.49 21.2 4.4 4.2 0.0 0.0 0.3 69.0 0.9
8908031 (C-15) B:QzHyAug and 57.65 20.7 7.1 3.3 0.0 0.0 0.2 67.8 0.9
6-vd (C-11) B:HyAug and 57.71 20.3 2.7 2.3 0.0 0.0 0.0 74.2 0.5
89072211(C-16) B:0OlHyAug and 57.84 28.5 6.1 3.6 0.1 0.0 0.0 60.6 1.1
8908301(C-17) B:HyAug and 57.96 18.1 4.6 2.9 0.0 0.0 0.0 73.1 1.3
8809297(C-18) B:HyAug and 58.35 24.3 5.1 4.0 0.0 0.0 0.0 66.0 0.6
89072212(C-19) B:HyAug and 58.38 28.3 4.4 1.8 0.0 0.0 0.0 64.9 0.6
89052810(C-21) B:HyAug and 58.66 25.9 5.2 3.8 0.0 0.0 0.0 64.4 0.7
8907241 (C-22) B:0lHyAug and 58.72 22.1 4.9 3.0 0.2 0.0 0.0 68.7 1.0
8907211(C-25) B:HyAug and 58.84 25.7 5.4 4.1 0.0 0.0 0.0 63.9 0.9
13-vd (C-20) B:HyAug and 58.92 10.6 2.2 0.9 0.0 0.0 0.0 85.7 0.5
8909298(T-12) A’ :HyAug and 59.15 8.8 1.0 1.0 0.0 0.0 0.0 88.7 0.5
3-vd (C-23) B:AugHy and 59.15 25.5 4.5 5.3 0.0 0.0 0.0 63.4 1.3
4-vd (C-24) B:01HyAug and 59.17 23.0 2.3 1.8 0.1 0.0 0.0 71.8 0.9
8908293(C-27) B:HyAug and 59.65 19.5 5.0 3.4 0.0 0.0 0.0 70.6 1.4
8908292(C-28) B:HyAug and 59.74 19.5 4.6 4.3 0.0 0.0 0.0 70.3 1.3
8905238(C~-29) B:QzAugHy and 60.68 25.2 3.9 4.8 0.0 0.0 0.1 64.3 1.7
8809283 (C-30) B:QzOlAugHy and 60.91 18.5 1.9 2.6 0.1 0.0 0.1 74.8 1.0
8908041 (C-31) B:HyAug and 61.31 26.8 4.0 2.1 0.0 0.0 0.0 65.7 1.4
8809285(T-13) C:AugHy and 64.25 20.7 5.5 5.7 0.0 0.0 0.0 67.5 0.6
8908092(C-32) E:HyAug dac 65.53 17.4 2.0 1.1 0.0 0.0 0.0 78.4 1.1
8909286 (C-33) E:0lHyAug dac 66.03 15.8 2.2 1.5 0.1 0.0 0.0 79.5 1.0
8909285(T-14) D:HyAug dac 66.60 13.9 1.3 0.7 0.0 0.0 0.0 83.5 0.6
15-vd (C-34) E:HyAug dac 66.64 15.0 1.4 1.2 0.0 0.0 0.0 81.7 0.7
8909283(T-15) D:QzHyAug dac 66.91 11.6 1.8 1.2 0.0 0.0 0.8 83.7 0.9
8905237(T-16) D:HyAug dac 66.98 11.8 1.4 1.0 0.0 0.0 0.0 85.2 0.6
8905291 (T-17) D:QzHyAug dac 67.66 12.1 0.9 0.6 0.0 0.0 0.3 85.6 0.4
7-vid (C-35) F:HoAugHyQz dac 67.91 12.4 0.2 0.7 0.0 0.2 3.5 82.3 0.6
8905245(C-36) F:HoAugHyQz dac 68.60 12.7 0.4 1.9 0.0 0.2 3.5 80.5 0.6

H2k BRERXUEHYOE— MK,
BHESDOS 5, FMhOLE IO EESICHIELTWVWE, 2055, T
BY VT4 MRIERE, CRAINVI TN )RIIEEEL TV, BEIA4 T
DERAIDFLH A~FIZOVWTREXBR, HALHOTE R ZhZhROEI
XL TW 5, bas : basalt, and : andeside, dac : dacite, Ol : olivine, Aug :
augite, Hy : hypersthene, Qz : quartz, Ho : hornblende
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H2k (£D2),
sample number rock type Si0, Plag Aug Hy ol Ho Qz Gm Oopq
8907227 B:HyAug and -~ 26.2 4.4 3.0 0.0 0.0 0.0 65.7 0.8
8908033 B:0lHyAug and e 26.9 6.8 4.1 0.1 0.0 0.0 62.0 0.1
89082310 B:0lAugHy and - 24.4 5.1 5.3 0.2 0.0 0.0 64.7 0.6
8908034 B:01QzHyAug and - 22.4 2.7 0.9 0.1 0.0 0.3 73.5 0.2
8908042 B:AugHy and - 23.4 2.3 2.6 0.0 0.0 0.0 70.2 1.5
8908245 B:0lAugHy and - 23.6 4.4 4.8 0.2 0.0 0.0 66.2 0.8
8908302b B:HyAug and - 21.5 5.0 2.5 0.0 0.0 0.0 70.0 1.0
8908296 B:HyAug and - 25.4 4.8 3.4 0.0 0.0 0.0 65.3 1.1
8910031 A:HyAug bas — 32.0 0.4 0.4 0.0 0.0 0.0 67.1 0.1
8909295 A:0lHyAug bas - 27.7 1.9 1.4 0.1 0.0 0.0 68.8 0.2
8908241 B:0lHyAug and - 21.7 5.6 3.5 0.2 0.0 0.0 68.3 0.8
8905243 B:QzAugHy and - 23.2 4.4 4.9 0.0 0.0 0.1 67.0 0.6
8908095 B:AugHy and - 21.8 4.1 4.6 0.0 0.0 0.0 68.9 0.5
8907244 B:HyAug and - 19.5 3.0 2.4 0.0 0.0 0.0 73.8 1.2
8905232 B:HyAug and - 14.6 2.5 1.0 0.0 0.0 0.0 81.2 0.7
8907222 B:0OlHyAug and - 23.6 4.8 3.3 0.1 0.0 0.0 67.4 0.8
8905234 A:HyAug bas - 27.4 2.2 1.6 0.0 0.0 0.0 75.5 0.0
8907242 B:0lHyAug and - 21.9 4.2 2.7 0.3 0.0 0.0 69.7 1.2
8809292 B:QzOlHyAug and - 23.3 4.5 2.0 0.8 0.0 0.6 67.5 1.4
8907224 B:HyAug and - 20.4 5.0 3.0 0.0 0.0 0.0 70.6 1.0
8905288 B:HyAug and - 23.8 5.8 4.9 0.0 0.0 0.0 64.8 0.7
8905244 B:0lHyAug and - 25.2 4.0 3.8 0.2 0.0 0.0 66.0 0.7
8907229 B:0lHyAug and - 24.7 5.4 2.8 0.2 0.0 0.0 66.2 0.7
8907223 B:0lHyAug and - 25.1 3.4 2.1 0.3 0.0 0.0 68.5 0.6
8905242 B:QzOlHyAug and — 17.8 3.5 2.9 0.4 0.0 0.1 74.4 0.9
8910036 A:AugoOl bas - 29.1 0.1 0.0 2.3 0.0 0.0 66.5 2.1
8907212 B:0lHyAug and - 28.8 5.6 2.7 0.1 0.0 0.0 61.7 1.1
8905231 C:AugHy and - 19.7 0.2 0.8 0.0 0.0 0.0 79.3 0.0
8908032 B:0OlHyAug and - 23.2 5.9 2.8 0.1 0.0 0.0 67.0 0.9
8911293 A’ :0lHyAug and - 4.3 0.2 0.2 0.2 0.0 0.0 95.0 0.0
8908302a B:HyAug and - 21.9 5.9 4.4 0.0 0.0 0.0 66.9 0.9
880927 A:01 bas - 26.5 0.0 0.0 0.9 0.0 0.0 72.5 0.0
8908243 B:HyAug and - 24.9 4.6 3.5 0.0 0.0 0.0 66.2 0.7
8905236 D:HyAug dac - 12.0 1.3 1.2 0.0 0.0 0.0 84.4 1.0
8909291d B:HyAug and - 15.0 3.5 1.5 0.0 0.0 0.0 78.2 1.6
8909294 A:HyAug bas - 28.0 1.7 1.3 0.0 0.0 0.0 68.9 0.1
8907228 B:0lHyAug and - 27.6 6.0 2.5 0.3 0.0 0.0 62.8 0.8
8910035 A:HyAug bas - 20.5 0.6 0.6 0.0 0.0 0.0 78.1 0.2
8905289 B:HyAug and - 24.8 5.1 3.6 0.0 0.0 0.0 65.3 1.1
8910033 A:HyAug bas - 17.9 1.1 0.9 0.0 0.0 0.0 79.7 0.3
8907225 B:HyAug and -~ 30.0 5.1 2.7 0.0 0.0 0.0 61.6 0.6
8910032 A:HyAug bas — 24.5 1.3 0.9 0.0 0.0 0.0 72.8 0.5
8908236 B:0lAugHy and - 26.8 3.4 4.5 0.3 0.0 0.0 64.8 0.2
8909288 E:HyAug dac — 17.2 2.1 1.4 0.0 0.0 0.0 78.6 0.7
8908239 B:0lHyAug and - 1.9 2.4 1.0 0.1 0.0 0.0 79.5 1.1
8909291m A:AugHy bas - 17.9 1.3 1.7 0.0 0.0 0.0 78.1 1.0
8809293 B:QzOlHyAug and - 24.5 5.5 3.0 0.6 0.0 0.3 64.5 1.7
8911294 A:HyAugOl bas - 23.9 1.5 0.2 3.6 0.0 0.0 69.5 1.2
890723 B:0lHyAug and - 27.1 4.8 2.2 0.3 0.0 0.0 64.6 0.9
8908091 E:HyAug dac -— 19.0 3.0 1.3 0.0 0.0 0.0 75.5 1.2
8905271 B:HyAug and - 14.1 2.6 0.9 0.0 0.0 0.0 81.0 1.4
8908244 B:HyAug and - 23.1 6.5 3.4 0.0 0.0 0.0 66.1 0.9
8905286 B:HyAug and -—- 24.3 3.2 2.4 0.0 0.0 0.0 70.0 0.2
8905281 A:0lHyAug bas - 25.6 1.2 0.6 0.4 0.0 0.0 72.1 0.1
880924 F:HoAugHyQz dac - 1.8 0.2 1.6 0.0 0.2 4.2 77.3 0.8
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3.3 BEAUICEITZHRE— FEREL

REFEKILME YR 9 PR € — MR L2 R S10. % & » R d (3D, &%
H547RZTATHEROREE — FHE LD EBRP OB, BT, H VI THY
FIRIEE Y V7 A P RINZLEOBHREE — FERRBBICEL->Tw3, fl2iE, BU
SiO:BTHE LI5S, Ay 7 VRILLEOHBE CHERBEZ W, Thid, Ik
AMBBIBELTRANVI TARVRARE E Y VT4 P RIIZILES & ORICIHB S E VR
ROLNBVHDD, FIEMEABBICEATVY S0 LT, ®E TIHIEAMREIDIIVE
MABHZDTHB, CIALATDYLTA MEFAH4 +DE— FERRERTHY, 744
4+ ELTRERIEOHRICEATED, YL T74 VERUSSHERBEL -TW5, 1135,
SiO. 2566% E ML B F A4 ¥4 MITOWVWTIE, YUV TA FRIIBEEANI TN YRIIELED
PO — FBGE RS SRV,
ASATOLRREIEA V5 VABREALEEENEVEDE, B v 5 VR 4 %<
BENBZbDENBHONE, H V5 VABMRICZ LOVERE TR E S ICHAMELE— F0i2
REBATVE, TOT LR, TREMELABRERE LD V5 VABREIRE L IcHETE
BERIAERLT S,

% o A
81— eA Hypersthene
]
= C
6~ 4D —
OE ° .
AF
4+ o o —
o°°°
2 - % o0 &5
0 I | 2
Augite
8 — —
°
6 — ooogo . —
©,, 0%0
4 = PO -
2 - T -
nﬁ‘
0k n u] | a8
. Plagioclase
301 ool —
®
%0q, o
8
20/ e, . -
. 0"y ° Dql
ad s
10— .
0 l !
50 60 70
Si0,

% 3 %—Jﬁkmfﬁtﬂ%ltﬁb‘ ) Ssz—-ﬁE%f— P:jﬁﬁ}ﬁ:o



208

KO3 —*01s (P)

K OSIN—0O (o) ‘[K*O1S-08IN,/.0%d (d) ‘K O31+0O%8N — OIS (e)

oIS
04 09

ORRHAERN MM O GHRTYEE Ky &

0%

I I I [

A-ADT

)

%

{n2] N-HNIQIN
oy

\

g Sov

o —

A-HIIH

0%y

oIS

mE e e O
oXx0DdgO0
<<ovn
e & m 4«

0% +02%eN

01



209

§ 4. AHORNAEL IR

BRI DV T, SEH 72385 D EERSMEAMT E4T - fro SIHTIZFKEIRY:
HEFPHFBEZE BV TEEXE (XRF) Bc&kDiTotko Bohkc2#k (total FeO)
8%, Irvine and Baragar® O 5T FeO & FeOulTHEC L1co T DBFEDOAHTEDOMIT, il
B« HAR L0 16HOERMEEEEES H L CIBOEBRZE(ERTRIDIEESHD TH
5)o NHEREE IRITRT, TIOIBAL TR, MBE - FKR*EXRFICXBHEREOMIC
FREISEBH ST, XRFICKE7F— 5 LEAUOH ZXBTHILECLVESH
7o TiO: DoHTkERE AW, S « K 07— & ZFHIE L TR L7,

T 1o, —MoRHT >V TIBTHIMELEIC L D, Ba, Ce, Co, Cr, Cs, Nb, Ni, Rb,
Sc, Sr, Zn, Zr 8L VY DISMBRATTROAHTEIT - 1o B ORI BEILKRZERTF
KA REROET 51+ v 7 ZFH L, 30 MeV OIEBF %AW TIT- 720 BEHEEEHC
SWTOD rfE A <7 bux b ) —REAMKEEOR [ RIEE TV, FLASEHERY sV
TEBHEET - 129 DR EE4BCTT —WoREHZ >V T, ICP RNk
St BLU Ba B ENTV S, Balc>WTIRICP EEEIC L 20 HrEdd &Ik 2 h
ZER Uico

§ 5. EEXIUFELY OMIRILFIEFE

51 EEFEFTIETNAUYLTA FEANVIT7TIHYRIIE

FOEAMEIKIL 7 v v M KILTH ZERXLOBERYNC i, XRE» SRS, 7194+,
Z LTI SiO: 8T10% %28 A 2B A8H 6 5, OFILAMM AL 7 a v FAlLKILEE
iz, Si0—7 A VKD (FE4M@) TETAAY Y LT A bOfERIcToy rEh B, &
rMOKIL7 B v PRI SRR, BEALCR, ¥ LT A b A s T n Y TR0
ABEELTOVS, VL T4 PRI (THRFD Ay i )FRA (CARFD OFFlic
{3 FeO* /MgO-Si0: ™ (5 6 K(b)) M\ 7z

B, VI TVHNRINBLEE LTI V—EYTEhBEEADY B, b-E3 S50 1
Z L\ Si0:56% 0k B W T, — IO EHE 4 Kb)o THHERIC ey bEh 3
B, TNSRIAMPHOCAFRBICT oy b ENBRCHB L TVWEIERS, TITRTH
S ANITIVANVRINCETBdDE L,

KO-MgO” (3 4[X(c) 1tk »>T, YV T4 RIEEH VI TH Y FRFIEE %R
TBEDTRETH B, TORTBVT, AN TIVHYRIEIR KO, MgO & dicE il
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3% mRAKILELY O FER .

No. Type §i0, TiO, Al,0; Fe,0, FeO MnO Mg0 Ca0 Ra,0 KX,0 HO0+ HO- P, 05 Total

T-01 A 49.87 0.84 19.98 4.69 5.02 0.11 4.96 11.21 1.60 0.28 0.63 0.45 0.12
T-02 A 51.31 0.74 21.52 2.17 6.39 0.15 3.75 11.90 1.81 0.26 0.25 0.20 0.12 1
T-03 A 51.59 0.80 18.77 2.55 7.04 0.13 6.44 10.04 1.70 0.17 0.27 0.10 0.11
T-04 A 51.51 0.78 18.05 2.28 8.15 0.18 5.85 9.77 2.16 0.32 - - 0.11
T-05 A 52.29 0.69 18.09 3.67 6.24 0.15 6.18 10.51 2.03 0.35 0.19 0.09 0.121
T-06 A 52.95 0.88 17.17 2.38 8.16 0.17 5.21 9.05 2.32 0.72 - - 0.14
T-07 A 53.94 0.85 17.85 2.35 7.38 0.17 4.23 9.10 2.50 0.69 - - 0.12
T-08 A 54.77 1.18 15.38 2.68 9.09 0.20 3.77 8.10 3.15 0.49 - - 0.14
T-09 C 55.51 0.89 18.49 2.39 6.82 0.14 2.48 8.80 2.75 0.82 - - 0.16
T-10 C 56.51 0.92 18.86 2.42 6.11 0.14 2.27 8.44 2.99 0.64 - - 0.13
T-11 A’ 59.24 1.17 15.50 3.18 6.17 0.10 3.03 7.24 2.87 0.91 0.40 0.13 0.151
T-12 A’ 59.15 0.86 16.16 2.36 6.95 0.16 2.71 6.59 2.89 1.27 - - 0.12
T-13 C 64.25 0.78 15.20 2.28 4.55 0.13 1.87 5.22 3.55 1.51 - - 0.16
T-14 D 66.60 0.71 15.48 2.21 3.55 0.12 1.04 4.49 3.53 1.70 - - 0.17
T-15 D 66.91 0.75 15.02 2.25 3.53 0.11 1.23 4.43 3.47 1.73 - - 0.16
T-16 D 66.98 0.74 15.19 2.24 3.20 0.11 1.13 4.57 3.60 1.74 - - 0.15
T-17 D 67.66 0.54 14.69 2.04 4.06 0.11 1.37 3.78 3.37 1.87 - - 0.06
C-01 W 54.74 0.78 16.75 2.28 6.93 0.16 5.03 8.87 2.76 0.82 - - 0.10
c-02 B 54.64 0.76 16.93 4.23 4.81 0.12 5.10 8.42 2.02 0.86 0.68 0.62 0.14
c-03 B 55.47 0.81 17.00 3.76 6.19 0.17 4.61 7.95 2.25 1.01 0.48 0.34 0.13 1
c-04 B 55.97 0.68 17.19 2.18 6.67 0.15 4.53 8.20 2.55 1.05 - - 0.10
c-05 B 55.97 0.87 16.84 2.37 7.61 0.18 4.48 7.58 2.32 0.82 - - 0.11
c-06 B 55.77 0.82 16.92 2.65 6.43 0.12 4.30 8.46 2.23 0.83 0.69 0.43 0.17
c-07 B 56.32 0.76 16.50 2.26 7.20 0.15 4.79 7.72 2.42 0.98 - - 0.11
c-08 B 56.52 0.79 16.97 2.29 6.97 0.17 4.35 7.60 2.56 0.89 - - 0.12
c-09 B 56.75 0.79 16.62 2.29 6.99 0.16 4.74 7.41 2.35 1.02 - - 0.09
c-10 B 57.13 0.77 16.49 2.27 6.82 0.16 4.32 7.60 2.51 1.05 - - 0.12
c-11 B 56.99 0.81 17.02 2.35 5.95 0.13 4.48 7.69 2.23 1.01 0.49 0.36 0.10
Cc-12 B 57.34 0.74 16.42 2.24 6.95 0.16 4.32 7.53 2.25 1.17 - - 0.09
c-13 B 57.48 0.80 17.12 2.30 6.58 0.16 4.45 6.71 2.56 1.00 - - 0.12
c-14 B 57.49 0.75 16.24 2.25 6.64 0.15 4.29 7.72 2.54 1.08 - - 0.10
c-15 B 57.65 0.75 16.38 2.25 7.02 0.15 4.11 7.30 2.53 0.98 - - 0.10
c-16 B 57.84 0.75 16.35 2.25 6.39 0.16 4.15 7.48 2.79 1.01 - - 0.13
c-17 B 57.96 0.75 16.63 2.25 6.27 0.15 4.12 7.22 2.81 1.03 - - 0.11
c-18 B 58.35 0.73 16.68 2.23 5.97 0.15 4.07 7.04 2.90 1.09 - - 0.12
c-19 B 58.38 0.74 16.20 2.24 6.22 0.15 4.09 7.38 2.74 1.07 - - 0.10
c-20 B 57.94 0.78 16.37 2.35 5.68 0.12 4.01 7.40 2.48 1.06 .0.46 0.54 0.14
c-21 B 58.66 0.77 16.10 2.27 6.29 0.16 4.01 7.42 2.29 1.25 - - 0.10
c-22 B 58.72 0.75 16.55 2.25 6.05 0.15 4.01 6.76 2.83 1.12 - - 0.13
c-23 B 57.91 0.75 16.69 2.59 5.27 0.11 4.03 6.98 2.55 0.93 1.33 0.56 0.09
c-24 B 58.39 0.78 16.00 3.06 5.36 0.12 4.00 7.53 2.26 1.07 0.57 0.36 0.12
Cc-25 B 58.84 0.74 16.50 2.24 6.13 0.15 3.81 6.99 2.57 1.24 - - 0.10
c-26 B 58.06 0.75 16.39 2.74 5.16 0.12 3.87 7.02 2.48 1.01 0.69 0.55 0.13
c-27 B 59.65 0.74 15.90 2.24 6.15 0.14 3.67 6.62 2.91 1.17 - - 0.12
c-28 B 59.74 0.74 16.09 2.24 6.25 0.14 3.67 6.38 2.79 1.15 - - 0.10
Cc-29 B 60.68 0.73 16.16 2.23 5.29 0.14 3.41 6.49 2.95 1.24 - - 0.10
c-30 B 60.91 0.72 15.86 2.22 5.34 0.15 3.24 6.15 3.07 1.25 - - 0.12
c-31 B 61.31 0.70 16.10 2.20 5.53 0.12 3.05 6.08 2.84 1.32 - - 0.13
c-32 E 65.53 0.71 15.08 2.21 4.20 0.12 1.79 4.78 3.34 1.65 - - 0.13
C-33 E 66.03 0.68 15.32 2.18 3.73 0.12 1.60 4.68 3.42 1.71 - - 0.12
Cc-34 E 66.21 0.69 15.05 2.53 3.67 0.09 1.72 4.56 3.21 1.48 0.44 0.44 0.14 1
c-35 F 67.41 0.52 15.74 1.59 2.64 0.06 1.62 4.60 3.24 1.76 0.63 0.27 0.08 1
C-36 F 68.60 0.43 14.90 1.93 2.8 0.11 1.35 3.99 3.57 1.86 - - 0.08
c-37 P 69.56 0.57 14.30 0.67 2.32 0.04 0.73 3.34 3.20 2.35 2.64 0.33 0.151

99.76
00.57
99.71
99.16
00.60
99.15
99.18
98.95
99.25
99.43
00.09
99.22
99.50
99.60
99.59
99.65
99.55
99.22
99.33
00.17
99.27
99.15
99.82
99.21
99.23
99.21
99.24
99.61
99.21
99.28
99.25
99.22
99.30
99.30
99.33
99.31
99.33
99.32
99.32
99.79
99.62
99.31
98.97
99.31
99.29
99.42
99.03
99.38
99.54
99.59
00.23
00.16
99.68
00.20

REIE 2E0ENDOESITHE LTS, TRY LTA MRS, ClRAvs T
H YV RFIE%R%ET, 47, A, A’, B, C, D, E, F, P, WioLTRAEXSZHK,
S F—5 D55, HOTOEMBREN TV M IMLE « HR 2S5 ALALTF—5T
B0, ZhPIAD HOEAWRENTWEWF— ¥ MBEE], FLXEEEIT X 0o LIckER
Th 5%,
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K7ay bE&Nhb, 0I5 Th, WUEES (By A7) SHBHIBERSE & F - 768l
gy FENB, ANV TAANRIEDD L, ZoRE (B4 7)) EZhNOHEE
BE (E, FAATFA494 b, PHATER) &ORICBHABRGHBEOF v v 72580 50,
MEEZ—EKD P LY F EQRED>TOWREW, YL TA FRIFBERANVI T VRIPELD &,
&0 K0, MgODBMEWAlIT oy b ENTV B, BXRE (As47) ~EHRERINLE
HBRIcBI 350X B8KEL, =8IV TAH YRFIBEOER LIt 7oy FEh TV,
VLT VEZRER (AY47) 2 MgONBEL, JVATAHVYS VADEWIT V—T L,
MgOiicZ LKL, / VATHERIKEATVLEEDERKIIT S LPHEETHZ, ThHD
BhTiE, HBBEVRITE—F A XA PV UTAMBEETRTVWEDODL OBV, i, V
VT A FRFIRNBEICSA 9 A TECIATD2RFIMBED 5H, C¥ 4 7LILED MgO
EV, ThsDLIUHEREFNEN MO KEARLZRE E MgOItZ LOWKRE TR E L /2
bohb i, i, BERKLOY LT A FNRFIEOR#E LT, MgO DDV LIE
SiO. DI S, KO0 OEEINOEESOKINCHEBE L THrR DA TH S, TORERE, —
DY LTA PBRTPLYFERRTE LY FEESTVS,

Gill® i3, 2B ER VT, Ti0.28, 1.75%LITFod kA (Si0. =53~63%) %
orogenic andesite &}, ZN5%A ) v a8 (KL ~L) Tlow-K, medium-K, high-
K andesites = LT3 ($4K(d)o OSHILNEEFKILOA VY 7vH ) EE
OBZRKLFIA Vs 7 ) E ERFBEIC medium-K andesites I 9 %5, —F, YL T4
FRIEBICOVWTIR, EREMK TIIAEES 0 low-K andesites DIEE Eic 7w v & 508,
ERERED SRLE I TR, low-K 45 medium-K andesite D#FIC & 7225 > T
oy h&hd, LT, YLT7A4 MVERLEDO KO IEALTR A NI Tuh U RINELE E
MR P IV ER - TH D, WMECHBETREZSLE VL, JhRLERARKLICEWT, VI
TANRIEEEI VS Th VRIS EORMIC, T KO BOEVWSRDLNE I L LR
KESEL-TVB, 72721, BIEAMIIEEIRICHB VT, medium-K andesites iZHH473 5
VLT A MRS RET S (B, IGEKLY, BHALP) EBHmShTED,
BERALICBOTHRBEOBEABEELTWA I &K 5,

5.2 FERS TR

55 MicEmRKILEHIC D WD, SiOARHNT, M EERIIERE & -7 —
H—RERT. BEKLUEHRYICR FEEOL Sy LT A FRIIEA NS T Y RHIDER
B LTV B, Si0: 1350~T2% 1 7 5 H556~61%, 65~68% g 2 EHRPIMNH 5. H
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1% BEREKLEHYOLELFER (ERS7TR).

Nr-1 Nr-2 Nr-3 Nr-4 Nr-5 Nr-6 Nr-1T Nr-8 Nr-9 Nr-10
Host Nr-1-1 Host Host Nr-4-1 Host Nr-6-1 Host  Nr-8-IB Nr-1-IA

SiO; 58.70 58.90 59.37 60.83 54.49 61.05 5415 61.17 51.70  55.33
TiO, 1.02 1.06 0.93 0.87 0.90 0.81 1.14 0.83 1.16 1.09
Al O, 17.23  17.21 1692 16.69 18.08 16.54 1745 16.79 19.63  18.36
Fe; 04 2.39 2.48 248 2.52 4.11 2.55 3.19 2.59 5.42 3.17
FeO 4.25 4.24 4.18 3.46 4.40 3.29 481 3.45 4.711 4.45
MnO 0.12 0.12 0.13 0.11 0.17 0.12 0.14 0.12 0.15 0.13
MgO 2.93 3.12 3.19 2.713 3.71 2.70 4.64 2.67 3.07 3.96
CaO 6.25 6.52 6.30 5.45 7.52 5.03 7.13 5.18 5.90 4.92
Na:0 3.47 3.30 3.53 3.80 3.75 3.79 3.24 3.65 3.65 2.85
K:0 2.10 1.96 2.14 2.23 1.53 2.35 1.78 2.28 1.84 2.11
H.O+ 1.04 0.67 0.15 0.71 0.73 1.07 1.20 0.81 1.76 2.67
H.0— 0.23 0.12 0.42 0.36 0.36 0.44 0.81 0.24 0.61 0.64
P;0s 0.28 0.31 0.25 0.25 0.25 0.24 0.30 0.24 0.40 0.32
Total 100.01 100.01  99.99 100.01 100.00  99.98  99.98 100.02 100.00 100.00

Nr— 1 : Biotite-bearing Hornblende-Augite-Hypersthene andesite, Eboshi lava series.
Nr— 2 : Augite-Hypersthene andesite, Inclusionin Nr—1.

Nr— 3 : Biotite-bearing Augite-Hornblende-Hypersthene andeste, Eboshi lava series.
Nr— 4 : Hornblende-Augite-Hypersthene andesite, Eboshi lava series.

Nr— 5 : Hypersthene-Hornblende-bearing andesite, Inclusionin Nr—4.

Nr— 6 : Augite-Hypersthene-bearing Hornblende andesite, Eboshi lava series.

Nr— 7 : Augite-Hypersthene-bearing andesite, Inclusionin Nr—6.

Nr— 8 : Biotite-bearing Hornblende-Augite-Hypersthene andesite, Eboshi lava series.
Nr— 9 : Hornblende-bearing basalt, Inclusion B in Nr— 8.

Nr—10 : Hornblende-Augite-bearing Hypersthene andesite, Inclusion A in Nr—8.

A IEEAZLE (Si0.=58.21~59.34%) THuCHSKEMSE L L THEANALPALA
LAEBL T END B, KEERS bAEY (Si0.=54.04~55.86%) &%, %N IIEHEHEM
BELUTHEEL, KEELOM, HEARLGLLASAREETC. REBEAERT X MES
BEUAEYE b CREEEHYOMD bDIT 5T, PASLARRRELVEELIL
DEMTH 5, BRIRXKERS BLEAIAPA SALGBERIELRZILE (510.=59.50%)
Tbh b, BEHAEMNELAS IEEASEANATILE (85i0.=59.30~60.17%) TH bV, ¥
PUEREG & LG & 0 MERIIE O 5 155 L ONKBTH B

¢) MBI

TR E ORI 5 5 T D& BT E N, BB itkLiEOREc, FHEOKILEER
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Bl (o2&

Nr-11 Nr-12 Nr-13 Nr-14 Nr-15 Nr-16 Nr-17 Nr-18 Nr-19 Nr-20
Host  Nr-11-1  Host ~ Nr-13-1  Host Nr—15-IB Nr-15-1A Nr-15-IC  Host  Nr—19-1

Si0,
TiO.
ALO,
Fe.0s
FeO
MnO
MgO
CaO
Na.O
K.O
H.O+
H.0—
PZ OS
Total

57.87 5449 5995 48.08 58.21 54.62 54.86 55.86 59.34  54.04
0.99 1.17 0.86 1.49 0.98 1.16 1.15 1.11 0.96 1.38
16.90 18.21 16.84 1843 16.83 17.41 17.16 17.10 17.47 18.18
3.75 5.43 2.88 5.14 3.13 7.17 4.01 3.27 2.47 3.70
3.59 4.23 3.50 5.37 4.00 1.69 4.30 4.61 4.34 5.27
0.13 0.21 0.12 0.18 0.13 0.14 0.15 0.14 0.13 0.15
3.21 3.24 2.76 5.50 3.63 4.82 4.65 4.62 2.83 4.23
6.47 5.78 5.94 9.83 6.33 6.27 7.64 7.34 6.07 7.88
3.21 3.38 3.53 2.78 3.52 2.98 3.29 3.04 3.53 2.12
2.20 1.34 2.33 1.12 2.05 1.43 1.54 1.57 2.16 1.59
1.05 1.62 0.71 1.44 0.72 1.03 0.77 0.70 0.29 0.38
0.40 0.52 0.33 0.41 0.21 1.10 0.19 0.33 0.16 0.15
0.24 0.38 0.23 0.24 0.27 0.18 0.31 0.31 0.25 0.33
100.01  100.00  99.98 100.01 100.01 100.00 100.02 100.00 100.00 100.00

Nr—11

Nr—16:
Nr—17:
Nr—18:
Nr—19:
Nr—20:

K %o

: Hornblende-Augite-bearing Hypersthene andesite, Yotsudake lava.
Nr—12:
Nr—13:
Nr—14:
Nr—15:

Augite-Hypersthene andesite, Inclusion in Nr—11.

Biotite-Augite-bearing Hypersthene-Hornblende andesite, Yotsudake lava.
Hypersthene-Augite-bearing Hornblende basalt, Inclusion in Nr—13.
Biotite-bearing 0livine-Hornblende-Hypersthene-Augite andesite, Daikoku lava
series.

Augite-Hypersthene-Hornblende-0livine andesite, Inclusion B in Nr—15.
0Olivine-Hornblende-bearing Hypersthene-Augite andesite, Inclusion A in Nr—15.
Augite-Hypersthene andesite, Inclusion C in Nr—15.

Hornblende-Augite-bearing Hypersthene andesite, Daikoku lava series.
Augite-bearing Hornblende-Hypersthene andesite, Inclusion in Nr—19.

FEHEKLDOE D TIRE ééh\?’éﬁiﬁft&ﬂzé nTVBKETH 3, HHIRE XL

RTETT REET P SR D, FELYENES « PEES « BRIy REFEXL « SR
KL S5 0 T 7 JRIAS (2 KL OREE#I2,700m & b & W i I VL £ T AR
U, B@8ANOES QUEEARILED S5, BIAS QILBERIC, * 72E8ne il

Eraflic

TNENGNY o THr RISEBERBIC OSBRSS - EZL 5N 3,

BEITEE SEEARILE (Si0:=55.76~56.16%) T, EHEHREELTHLALAREELC
DB, EmRTIFRFEKLITI Y FASE EBAS « LEEEE BB, EEbXLE
DEEEDL > THHT %, HBRMRBKILIZFIEDORriEE>L D, FRIMD, 8 « FA -
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%1% (‘90%)0

Nr-21 Nr-22 Nr-23 Nr-24 Nr-2 Nr—26 Nr-27 Nr-28 Nr-29 Nr-30
Host Host Host Host Host Host Host Host Host ~ Nr—29-1

Si0: 59.50 59.30 60.17 55.76 55.78 55.85 56.16  58.84  58.66  56.52
TiO. 0.97 0.94 0.88 1.22 1.22 1.22 1.25 0.98 0.98 1.13
Al Os 16.27 16.68 1659 1836 18.10 18.27 17.70 16.50 16.41  16.69
Fe;0s 247 3.32 2.89 1.88 2.04 2.23 2.43 2.50 2.33 2.68
FeO 4.10 3.38 3.59 5.79 5.86 5.45 5.50 4.21 4.45 4.62
MnO 0.12 0.12 0.13 0.14 0.14 0.14 0.15 0.12 0.13 0.14
MgO 3.33 3.06 2.83 3.35 3.45 3.35 3.43 3.47 3.67 4.75
CaO 6.12 6.11 5.98 7.08 7.18 7.22 7.06 6.32 6.47 7.65
Na.0 3.56 3.39 3.53 3.30 3.28 3.20 3.24 3.56 3.53 2.81
K:0 2.29 2.23 2.31 1.77 1.73 1.75 1.75 2.20 2.20 1.76
H.0+ 0.78 0.85 0.53 0.84 0.64 0.71 0.76 0.77 0.69 0.68
H.0— 0.21 0.37 0.34 0.20 0.30 0.31 0.27 0.25 0.20 0.31
P.0Os 0.27 0.25 0.23 0.30 0.28 0.30 0.28 0.29 0.28 0.27
Total 99.99 100.00 100.00  99.99 100.00 100.00  99.98 100.01 100.00 100.01
Nr—21 : Biotite-Hornblende-Olivine-bearing Hypersthene-Augite andesite, Marishiten lava.
Nr—22 : Biotite-Olivine-Augite-bearing Hypersthene-Hornblende andesite, Ebisu lava.
Nr—23 : Biotite-bearing Augite-Hypersthene-Hornblende andesite. Ebisu lava.

Nr—24 : Hypersthene-Augite andesite, Bandokoro lava.

Nr—25 : Hypersthene-Augite andesite, Bandokoro lava.

Nr—26 : Olivine-bearing Augite-Hypersthene andesite, Bandokoro lava.

Nr—27 : Augite-Hypersthene andesite, Bandokoro lava.

Nr—28 : Biotite-Hornblende-Olivine-bearing Hypersthene-Augite andesite, Murodo lava.
Nr—29 : Clivine-Biotite-Hornblende-bearing Hypersthene-Augite andesite, Murodo lava.
Nr—30 : Augite-bearing Hypersthene andesite, Inclusion in Nr—29.

RITIE « BHAD AROES EFRE R 2 ) TEREICDY SN 5, ERIKLEOFIHE
Y3k LTagmEE £,
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TE K IEHYIC L TEEYE FNEEL X PEARKORRNL S DIZOVT, £
PUEEAWEITE - 720 ERADTRICD O TIREDEXHREEIT X 0 AT Lico EHSOTRD S B,
Na:0 & KOl oW T, EEE, FeO 3@~ v 7 vBA Y v aREE, H0 (+),
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ppm Nr—4 Nr—5 Nr—6 Nr—7 Nr—8 Nr—9 Nr—10 Nr—13 Nr—14 Nr—19 Nr—20

Ba 449 365 422 441 431 593 397 424 226 388 310
Ce 505 61.8 511 446 497 79.2 547 455 297 452 336
Co 144 210 148 241 157 215 205 154 299 160 24.2
Cr 450 232 471 1021 482 154 805 250 665 17.8 280
Cs 177 213 231 151 232 223 169 3.03 093 149 252
Nb 88 80 90 79 78 118 90 7.7 42 11 64
Ni 14.2 8.9 20.9 22.7 10.4 8.0 33.2 6.5 8.8 1.8 8.8
Rb 646 470 716 617 661 625 579 685 258 564  52.1
Sc 11.1 28.9 19.5 16.6 17.4 13.5 15.9 13.7 38.6 20.9 28.3
Sr 488.4 4917 427.0 493.2 501.0 597.7 689.8 482.2 538.3 524.0 519.8
Y 194 384 203 224 209 332 225 199 135 213 208
Zn 65 97 68 128 39 99 86 82 68 83 75
Zr 4842 1837 1767 160.0 164.1 1953 177.0 1565  98.2 145.3 100.0
F 440 353 276 380 393 98 386 766 468 207 288
Ni, Rb, Sc, Sr, Zn, Zr 8L U Y RNBFHREMEMTED Ik 0 ER L, REOBE LI
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§ 5. EHREAXUEHYOEMAZE
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BREAEZOESRSNIZVDIK LT, HFS TETREHEKLDIE S B\ EXiL
LD BHHSPITEL Y — v EIRT,
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§1. FCBHIC

BRI ARER—EE, AP L 74V EVETV— b, BhAPOAFET V- b EEREN
hAHALIEK T L —  OBEZRIcH 20 (B 1K), BAEH LU CHBEE £ TV 5 i
D—D2TH b, BRLEREEMICE T ZHRME—D T-T-TEMEE=FLOELE" ©, HE¥
B D7 L — MRMERC B 3 B - BIOHERS® 3, COMEIBI 57 b=
2 DREFRMEEYRE > TV 5, HAFIEOMGHEE L, < ORI G R R U7 + v 4
< 7 FHIBOBEAEEICHYL LY, k7 L—t b330k —5 v 7 7L — b OFEEOAHN
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BEThb,

4E, BR¥EEOHIBEIICRIES 2 KILIERARBEE I >WT, REBFHEHMLES XD 20
{LFERNTEIT 2 Tco AHETRZH S O LN EZR R, 20577 b=y 7 BAEST
2 T O pe

§ 2. EBER
FF BRI OMER I T SEMER, REBE, CAMER, =mEl TaEH,
BERBEHCXSENEY (B2, HRERE, THIHR M RoRERY, ’BE, WHEs -

—
Kamogawa/

°
BDR1
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o Tateyama
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H—LQ

BMR2 A_/
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O BCK1 ’ Z
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Nojimazaki 5 km

2R FEREEREMOMER, MERER ORISR T,

€54+ h SR EESIEY 2R LTV 5, BREMNEREG RS cthsh, HE=
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B OB FHIRAMNIIC R T 5 BHEEMC KB A SRR ES 5 Y, Fh~NEGE0
REERO LS8 5, HRRAGMNEIRE, BRERE, WREDENSRT 5, R
T OBREAROMBRIRFERE A AT A LRV, BB AMEEIR, Bl1 L smRo
TSI ABBICRD Sh 5o - REFTBREREAIE > A RBR SE s,
WHS -84 b, BREEED SR, EHONAZILHE LV, FERE bt
TR S - MR SRR L 7 Vo RS T C OB A B MIBRLE, BISTHS OB
R, BALHTT OTEER O MIEEE 3 LB EATIBICIE FoE LT\ B, thilichitich
WLMO=BER, TABE BEBRRKLAS 2 ERKEMILED b1 5 a4+
FHEL, 230 TR R0 5B KEEE RHEEITHG . SRERHRIL RIS ORIl
BEWET 3 LERIC, TRAMGLETIRAEMNINEY 2R L TVW5, S SIcTFABR IR
REE ORI % L, BRI T R ARAIES 2HR LTV 5, BLED
& 5 BB ONRIME BRI, TR, Gk, HEA &5 ~E
WEFILTHBD, FREME L CHREAITGE LTV, MEOERIZPTHHEE 5 55
B b5 T ANES RS B, NIGEOBRE Y — 7 = v A 1d, TRE AR + PE
% HFEED), REE +RRMEs (REBRD, Ml -5 T— V¥ VKRS (S
BE) SZ(LLTHY, BREZhEGHREE, ROLRARIE, B - N
O I LTV B EEZ 5B,

§ 3. BRAUBERUVABHEDEREERFIEH

SEULFSTEIT- a0 Y X P 2 1 RITRT ERBEOZN )47 44
74 v VREEERY ROXRE (BMN1), \TE® ZESOXRAERETOLRER (B
MN3), ZOBEFIHAETEE7 54 VEXRED vy 2 (BMN2) 035K TH 3,
BMN 1 3HRAE D 518 2 MRS XRE T, #MEE L RIELGEBDES T, BMN 3 i34
BEFOREN 2B I XREEREE T, MR, SERKOR MBS NI ZREMD S 12
D, BEBMROLREER EHRO» 5105, KREBH BHMESY & LTRIREG, B4kE
AZBU. BMN2RBES 54 MVEXREOH m KD 7w v 7T, HRAPKREATRES L
reh v 5 v RDRENEE SBD 6N 5, REBHOREH LK LREEDS 35% (BHT 1, B
HT2, BHT3) LWVEEIKE 154 (BHT4) TH 3, BHT1, BHT2, BHT 3 iMEHfEE
THORBEY LS8R, RUBRLUE” WHEECHRET 2 NEkSKLRBEDE T, B
BALFT KLy 5 2, BA, fikA, RODEOGRE, A, AA, BER, SEREEY
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H1E O ET-HEARED Y X b,

HHES ERL il =24 EEM E=1id] ER  FERMa) FEREEHE
BMN1 B Bll47.4057 97848 HEH LRE Ak 30~50 K-Ari
BMN2 5 NTE SEAEH €54 VEXRE  &F Paleogene? -
BMN3 &5/ NANTE SEAEh ZRE KiILERE  Paleogene? -
BHT1 #H == BEL  KLRBHERE  KBE 20~22  BEEILE
BHT2 {#H BHARULE HH  KLBESRE KEBE 18~20 KESbA
BHT3 ##H BARILE Byl KURBHERE KBS 18~20 EERILA
BHT4 #H#H BHARLE AR WHENE KBEE 18~20 HERILA
BSK1 #AM REB WE  FAY4 MERKRE  KBEE 14~16  HiExE
BDR1 - - DERF iNFse=s BAEHK 14 K-Ar &
BMR1 = PR:E FE ZRE KilE® 6~8  RKEF/{LE
BMR2 =i KR Pl ZE KiE® 6~8 RKEF/ LA
BMR3 =i B AE  ZUEEERKE XKUEE 3~5  &HiEdl
BCK1 T& BiEE =]} LRE PaiiE= 3 RREY /LR
BCK2 F& Ei= T&E s Kilgshg 3 RKE+ /LA
BCK3 T8 BB Eifl=s i3 e KiER 3 RIKE+ /{th
BCK4 TFA& HEE HE s PiiE= 3 RKE+ /LR
BTY1 BE HEHE RDE Egtlip= Kl 0.5 RIKE+ /LA
BTY2 &FE REHE HhoE FAHA b KIDER 0.5 RKE+/1th

BEEND, BHT 4 3RHEERH T LRI EENIcR Sh s EERIKE T, KiLAs R L
BAP L5, EARBROREHIREEY 0BkE (BSK1) 1RETH 2, ki, AR
BREE BERHOERT, BIF 7420 F 1 v 7EEBEKBCEALTY 2P0 EH (B
DR1) OAHbiT- %o BSK1 BREBEET 571 ¥4 PEEIKETEICKLT 5 2, &
A, BER, EAPSKD, HICEAEET, BDR1 &k, HRONRET, Fiklk
ALBEAREaL S0, TEIME LTRIER, SEIRENRONG, ZHERORE R
BIREhORRE~LIIEA™ 2Kk (BMR 1, BMR2) &ZIEEEKS 1 Xk (BMR
3), TAREORE ZEKETORRE~ThraAmm 450 (BCK1, BCK2, BCK3, B
CK4), %zl CEBEEHOREEEIKEhoRIE~T1 v FAE 238 (BTY 1, BTY
2) Thbo SHBHLIBOREHIIEE T, MRBIYE LTRSS, BAE, MR
f, NERIMEET,
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§ 4. BRUBRVKBEDER

SEULESHTEIT » I KIEFR CKEEEICBE LT, WL >hOMEHEROESE ST
Wo, WA 7 42 ) T4y 7 EEEETOMEROLRESE (BMN1) L TR K-
Ar #T30—50Ma'® R TF30—45Ma '’ DERYED, LR OBI#EE £k (BDR1) i<k
LTREU K-Ar % TldMa OFEREHBB SN TV B P, ZOMOERIBE U TRBEER
DEFIIT WV HREEIICHAE T 2 KREHP KILESE R B U s hicEE ¢ 2%
fth (FERELE, BEERCAKE S /7 th) » SRBNICERERET 5 ENTE 5,
R ESUHBSHRENBILAF OB B L2 DERED 25 1 BITR T,

§ 5. RIS RUMERSTHRER

EEMRD 5B, Si0, TiO, Al0; 28, MnO, MgO, CaO, Na,0, K,0, P,0;ic
DWVWTRAE XBEATED I X 0 EITY, FeO BBV vEy YV BEEICLD,
Na,O, K,0 IR, H.O SHBEELIC X 0 37 %1T > 720 BHT 312>\ Tid Nb,
Zr, Y, Sr, Rb, Th, Pb, Ga, Zn, Cu, Ni, Co, Cr, V, Ba, Ce DS % A% X B
BIZE DT o 10 ZNLAOFENCEI L TIEETHEMEEEH VT, Ba, Ce, Co, Cr, Cs,
Nb, Ni, Rb, Sc, Sr, Zn, Zr, Y DI3MBRAITRDO M 21T - 1o D HEEEELHR
Yoshida et al." iz & - 720 B OBEHLIC BEILAEIRR RIS R D BT 5 A
+ v 7 ZFHAL, 30MeV OIIEBEFEZH W, B >LWTD rEA~R7 b x b —
BEIHER D RIAIEE TITV, FILAFEHBETHFFHC B W TEBTEEIT- 720 DR %
FE2RITRT . TLEEOT oy FEE IR~ TRITRT .

SEOATRENCE, BRE~KIERBE Y, —HIcGRGOARGR EEaUEE L
KBEEETG, ThLDERDOMNITSH > TRARELSIR O FEERRE, &5V IEREYOR
ABDIBEVSDERVE LB fch, —HoRcBF 5704 ) 2 LIL oRERICEL
TREEDOHESENEHTERVEEDN S, LA LEMNE, 2L oRBHTB L TIIBE) Lk
WEEbN3, HFSTREMERHRIE, DREGEOSY, BE0T 40 Y P UL
RPN TRHRESRNTH D, DL ESESEIORNCBIL TR, ZO2EMBER W IcH
BRI OB REATR S T,

(1) EFEEICET 250 05 A LFIHEH

A @ Si0,-Alkali K T1d BMN 1 RE 7V 3 F RS O4EIC, BMN2 3% 77 v A
VEDREEI, BMN3 74 YV EDHEEBIZAS (853K), BMN 1 & BMN 3 043l %
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B2k BHREROKLIERUKREE OB,

Sample  BMNI BMN2 BMN3 BHTI BHT? BHT3* BHT4 BSK! BDRI BMRI BMR2 BMR3 BCKI BCK2 BCK3 BCK4 BTY! BTY2
wt. %

Si0, 5092 4506 5068 6941 6250 6742 7297 6316 5876 5037 5628 5936 4818 5888 7221 5836 5508 6687
TiO, 238 248 427 053 105 089 045 082 056 119 097 082 113 074 047 080 088 064
ALO; 571 932 1790 1633 1541 1547 1436 1445 1883 1685 1706 1595 1954 1754 1381 1498 1536 1596
Fe:Os 392 403 6% 237 257 265 196 234 210 269 250 244 572 224 201 243 230 218
FeO 662 012 342 L54 330 176 033 59 39 1200 764 697 599 635 330 839 9% 2
MnO 020 024 027 007 0l2 008 009 017 Ol 037 020 020 07 014 010 020 022 012
MgO 643 1939 371 110 387 160 055 387 328 469 336 318 517 314 073 336 456 138
Ca0 963 908 614 295 608 323 160 432 419 860 869 75 1136 797 330 850 923 452
Nas0 347 0% 49 280 311 380 413 319 778 276 276 282 233 257 369 246 197 462
K0 046 006 109 266 173 290 349 166 035 041 044 050 02 035 034 029 035 129
P05 026 02 060 03 017 019 007 009 006 006 010 009 018 006 005 004 005 018
Total 10000 10001 9999 9399 10000 9999 10000 10003 9998 10000 10000 9996 9999 9998 10001 10000 10001 10000
Alkali 393 104 605 546 484 670 762 485 813 317 320 332 25 292 403 275 232 541
FeO®MgO 158 086 261 309 145 250 381 208 178 308 204 288 215 266 700 315 265 304
ppm

Ba 65 401 55 820 0y 8@ 191 139 o
Ce 199 640 42 595 59 68 98 28 25
Co 455 8.9 218 55 146 204 294 23 13
Cr 109 617 2 185 U 664 189 18 30
Cs - 007 15 - 014 032 073 019 069
Nb 55 157 72 84 05 10 14 - 30
Ni 573 ur %8 23 132 37 87 9% 2
Rb 19 88 86 454 o7 13 69 13 167
Se 562 509 w4 - 168 224 %6 107 148
Sr 151 394 6 36 8 30 174 183 294
¥ 595 334 21 298 %2 176 21 25 321
7n 105 202 % 803 % % 9 8l 6
Zr 157 285 165 181 49 413 672 296 150
*Th, 6.0;:Pb, 9.6; Ga, 18.3;Cu, 104 ;V, 86.56%5L,

Ti0,-10 X MnO-10 X P,0: ['®, Ti,/100-Zr-3 XYK", 2 XNb-Zr/ 4-YR® ic7a v +
LitzbDaE6RIC, 1 va v 57 4 TVIEED N—MORBHI&L vy — v 2T -a iTR

ERS
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Tholeiite
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10X MnO 10X POs Zr 3XY  Zr/4 Y

BN F7bh=v7 vy T vIOHEK,
a : TiO,-10XMnO-10XP,0s X, b : Ti100-Zr- 3 XY K,
¢: 2 XNb-Zr/ 4-Y X

BMN 1 3% < O¥BIK clEAERERE DB 7o v &N 3, 7/ N-MORB ##&{t-¥
S—VTRIBET Sy MY —VERT, COBEARET, Y THEHOFSh, SrO&F
BHIVDIEWV, TRREMOY VT4 MBS EVEETH S, 7, N-MORB HiR{LX
IZBWTRb, BaliBTHVWE—7%bb, FhfFcBRLEN1LD bBETHEI LS
5, A IR N-MORB & » & E-MORBIGEWHMERLTWVW5, HL, &7 VI F
ZIREFERIC 70y & h, Na,0 CPRDBELEVIBFENERDOSDTH BB LI, Th
i3, Ba & Celzxtl T Nb OBMLEIMEV SR E & iz, BRI E-MORB & 3572 % K
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Rock/MORB
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%7 N-MORB THMILLTzA v 3 V85 4 TATERD AN =75 bo
a: SEMER, b : RHEER. c: EARER.
d: ZpEs, TAEN BEREH.

TH b, Th oD >—oDEREEE LT, BMN 1 ORFEEFNHEALRE KD ST
LHTE B,

BMN 3 3% { DHFIRTT L — FNEREDOHEKIC 7oy b &h b, %7 N-MORB &
ey —vTidBak =2 & LD/ vy — v ERLTWS, IS IRBRERRTE
DFL—rRIET BTV VEDRTERTH 5,

2 REEBCET 35005 A LR

BREBREOFHE Si0, wt%hB8%~T3% Db 57550 Si0K0K'™ T BHT1, B
HT 2 5 Medium-K %51, BHT 3, BHT 4 %3 High-K RF|OfEBRIc 7oy b&hd 4D
F7z, AFMRTRTRTOBELBH NS TUH ) RYOFEBICAS (BERD. 41 va vy
5 4+ 7VTEHED N-MORB##&1k ¢4 — v T3 LILt% (Sr, K, Rb, Ba) iCE#, HFSIT
% (Nb, Ce, P, Zr, Ti, Y) IZZ LW\ AR Ba DIERESROAEC, NbHAR
BWARTERIL Y — VREIKILE s b0 Th s GBTR-b)o %7, K, Rb, Ce
Zr DEEESHENEC, BERCARALGIERIENE LTRD SN E T LB Eh oYY
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5L, RHEBOERREMOEMANCEST 20V TVH Y EOREERLTVEEVE B,

(8) EARBEHCEES 550 OB A LENEY

BEOAEIEEET BSK 113 Si0,-Alkali i BWTIEH 77 v i Y EOEBICA D (8
3, Si0,K,0MicBWTIE Medium-KRFlic7ay b&h3d (BE4X), 1 AFM K
KBOWTRANLI TUH VEOHEBICAS E5K) 4 a5 4 TUTERICDWVTOD N-
MORB ##&{t- ¥4 — v id, LIL5T#% (Sr, K, Rb, Ba) &%, HFSTTE (Nb, Ce, P,
Zr, Ti, Y) iZ LW, &E5D N-MORBE#&L vy — 935579, BaDIEREMSAZ L, Nb
PEEEEZRT Y — VREI= /< ic GBI B0 oh a8 Td s (TR,

BDR 13 Na,O ILCEAXPHEE TH %, BZ O ECEHOHET Na, 0 KEEITEAT
W37z, SiO-Alkali R ETid7 vh VEDHEEIC, AFMR ETRANVI TLHYED
I ey PERTVAEY, K037 < Low-KRicEH %, 2O N-MORBE#K1L*
¥ —VvHRT, Y, T LT Nb OBEBALEMEVEP, Ba, ScSIEEE%RKL, Rb, K
DEAALEZ 0 510 UTHEHNISEY & O S B3UEIEANII AL 7 v » Mk EES
3V LTA FRIEWRIEHMICREOMUTV S,

@) =WEl, TREN BFERCETIELOELLFENEY

ZiHER, TABEE BEBROERAIISIO-Alkali KicsWTIEBMR 1, BCK 1257
VI FERAEOHEBIC, BMR2, 3, BCK2, 3, 4, BTY1, 28977 h U EOEE
A% (B3KRDo Si0-K0K, AFMKicBWTREERR® 1 ¥k (BTY2) D&,
Medium-K #%), A7 7uH VRINCAB1EDIE, T XTORED Low-K RFIRTY LT
1 FDFERICAS (B4, 5K 1 3 v¥5 4 TATLHRIZOWVTOD N-MORBERE{ L €5 —
v T}, LIL7tE (Sr, K, Rb, Ba) icE%, HFSTEHE (Nb, Ce, P, Zr, Ti, Y) K2 L
Vo TOD, BalllEDE— 27 285, NbIcADE— 27 550,99 — v i3 BIVK LR i s 75
bDTHB BETH-d)o

§6. KIUBRUXBEDTY b=y VRIEDIF

BRI T 5 KIS OB LM IR TS itz hZhEiLD, K& 3->02
T=VIRRANTBIENTE S, TROLEE=AOEEROXRE OFEN, Filidhgrits»
SHEIFHEI & TOA Ly T VEERLET ZIEEH, T UChlidrit Lo
VVTA NVEEDOIESHTH B,

W7 44 )74 v VEEEERTCRSNZLREHTOVT, /NI« 202 B—ic
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BFy b2AKyY bFALTOT LA YEREEZEGL OO, A MORBEBROLRETH S
EHE Lo, S, #iEt L Bbh 3 RRE OB bR T L ckE R, BRI 7 N-
MORB & & 0 13 E-MORBRRAE L VS £ R B, LA SR 7E E-MORB LA
EHDULERIURER>TVWAB LA L, TOXRAEDERE L TRENEALRE
2EZBTLEGURETH D, ThIEHES Shtich I CoF s b= 2%/ TTHET
HEETH 5, EifMEBFORERERRT 22 EHII 7LV — VATERENLT VA Y
LREDHHERL T3, TOXRRED A 3E#EEC LG 2 S CXREERER UY
#, EEHHRE, JBE, RERELER S, COBRRILAAGHEET L — b ETHELIAHE
L, HEVLSEAICGESVTVWBEEERLTWS, TOXIBHEETV— FEFRE R
SRR B AT it & TR O RFERERS & U TR R TR U oo

Fhicxt U, FEERDCIEEEOTRE IZD ST, ROV, SEFEYEE S,
BRMED KR BB G o KBEE AN 7 VA )V RINOZNE~F 1 41 P % & E L,
REOHEE « /NEFOXL7 e Yy MItRONEXHBEI VYAV LT A POERIED S
NV, F7z, ODP Leg 1261 & » THLAIC S NPT « /NFRIHLE T o KILiES) = 2 2
Lk B e, FHBERHERY (W17~23Ma) i3, £ TOKLEHRINERTHY, TiITh
KEF/ F 2 — 7 B LT\ oo - T, REBROKBEAHE « INEFHID SEES 72
SEANFEFEZICL WV, —4, FiffihFtoRIbEAlicsWTIE, Ay 7k ) RHD
Bt K s DIEBIDS B L T\ e 2 & S, (REERDOBMEARES R, €L ABHLANIA
Poblko NI EEZZHPBERTH S, B, ZHEBICBVTIE I ORHOEIEEA
BRELT28Ma DA N TUH VRUEBRESNTVE D,

AT & Tl BB SR A I 2T T 2—A T, Tl ORHER & 12i13RE
B & T RAIME 2T U 720 SRRSO & TR I3 EARTBRHC & » TRESICE
BB Ep 5, NIER EATERE OHREBRIAE (K116Ma) DIRNCSET L. HARE
Brh O KA D SHEE S N AR O KIES &R D A vy 7 v h ) BRI~
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EEMERBORS LD b+HEO LD THE, BT A VF—2EL ThIERBOES X
WY, BARLABEORSICEZDT, Bxx V¥ —0OB&E 3RE - kBRERT,

—EOBTHEEHCE, - SBEEZEAT S & X ITHET 28%, BT C—208EE
KELNLBETIY HTBHAaEEL 5, ERAERTE, SBOFEELS 1 LD EREL
LWHILEERTBE, CORTHAUINZBBHHOMERRDO LS5 505,
BU, MEEER, BAE, BAEAS0D 7+ b Y HTRSh TV,

P=2p:{1-cos(L/2) } (v
_ _aB’in’Gcos’ 6 @)

P 22 (1- Brcost )’

7= —BA ®)

- 2 z(1- Bcos 9_)

TIT, al3BHREER BRETORELEETONHEDL, 6RBEBETOETHAD S
BB, 23EETHY, ZHERBORSTH S, i L3IFLET, 2BRLERESE
LOMOERETH 5,

BIiVF-BTE—20848, HlF150MeV T, BE Imm, 6=1"7r=~-8)"
TOERBOES Z13, K 14mTH b, BLADOFERITBVTREBORMERTELVEIRK
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OFNER, ImBETHIOT, [KZEY, ORI

P=p{L/ Ak

LEPT BT ENTES, B xVvEF—DEAICR, BEBESRENED FICHHIT 5,
NELEERBOES ZARBE LR L5 RE XA VF-BF - 205812, DR
0o K EZROEBfFEN 5,

A% 13, 25MeV & 60MeV O RO x VE—TI E— L v F BERHONEETT
1V, HRETEEE & ROLE & OBARE RN,

§ 2. EBRAE
HIEROEAKZ L 1 Ka), (b)
WWiRT, (@3, 54 F v 7 TR
HERBHNONFERTH S, HE
AER, BES50umoF s vH
W12HWT, 514+ v 7flloE
2L EEIhTVWS, TORE
NOHEZEEIIH 10Pa TH 5, &
B ERE ST 2BHEICE,

Bx15um, BEFmEBENT

N 50mm, 100mm O 7 WV IEH%E
Wi, FOtE & BUNTRE & DR
REFHND 120, EBREBFCKD
TVIFEONEEZEA B LHBT
Epr&HI L, BEILMER
P1, P2, P3, P4, P5T&HD,
JREHEE M1 > & OFE#ET b B R

®)

FIR AEROEAK, Q@EHEORE, M1, M2,
M4, SEEsE, MS3:£%88 (XA T0mrad),
Wi vEodtly (EXx50em), Pl, P2,
P3, P4, P5: 7 v I A B E (M1 & O
Zh & 40, 90, 165, 350, 865mm), (W)FREA*%
HEST 212D OkE, BT v —208EE LI
LT7/vefEsEMl 285,

FEid, #hZFh40, 90, 165, 350, 865mm TH 5, HILH M3 DEIEA I T0mrad TH 5o
P3 DAIEMENROEMICHY, BHS WP ROREIEEEN D,

%1 Kb, ERRHORMAEANG DAV EBEOLANTS 5, REE (O&
68mm) i3, EX 15um D7 IVIHEEESKE-bOEHA VI, KEHER, BTE—4
OE & EO ST 3 &S ic@hh, ToERLIC L THEREESI LTk, &
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BRMATHHN S NIOEEBRICE , CORBAORAEICBN TS, HicETE—213K
HEgEEmEET 5,

COERTHOW LSRR, EROERTHA L T iR TR OEFADNLETHY,
BB B ORFAFERORMBE LT, vYavFox—s—2fVi, £, BHEEOR
i, 1200K0 BAEGEH TITE - 72

BT, I#E RF FEE 2856MH2T, 25MeV KU 60MeV ICHEE B, 7SV XIE 2 us,
7V Z DD R L 300pps, TXIVF—IRIZ02% Th3, EREZEL T IREFiHE=5—
THIEL 72— 2 8&EiRIE, K8 tATH 5,

§3. BRLBE

3.1 MEREERAE S OBRK

TNVIFEESE K@D P15 P ofEBEI s, #E04, 0.5 07, 14, 24, 41mm
B BNEREERE Lo T X VF— 25MeV TORIERE R EH 2 Kic, 60MeV ORIE
RREHEINIC, zhehBik&EOMHTRT, KhoBiE, AE 52— —2HVTOR
EHELIERTH B, Mg, FLEH 865mm TOME THBILL 72, BIEF — & BFHE
RBRIENLY, BCEBEETE, BHBEIREEO=FEVWELE LTV S,

LoHETIE, BTC—-20ARDERD ZEREN TV, EARIDENDHE5 L,
MR ORBAICELPA LU B EHFIRIOERIC X VRSN ?, BES50um ¥ 5 YT
X 2BTOVENELAIR, X VF— 25MeV T 19mrad, 60MeV T 7.7mrad £7230DT, 7

T T T L
A=0.44mm A=0.5mm A=0.7mm A=1.4mm A=2.4mm
PZEEN

RELATIVE INTENSITY

ﬁ’ 10° ﬁ’ 10° ﬁ’ 10° ﬁ" 10° ﬁ’ 10°
EMISSION LENGTH(mm)
F2R T RIVF—25MeV TOWE EFLEOMGR, RBiKL S, L=866mm T

DML THIALL Th B, WS, ©— LD ZHELL 7o & 2 OERH» S
DFTEE, FRRIZE SICETFE— A DRTRIDIEA Y ZERL 1< & ZDF1RE,
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A=0.7mm

RELATIVE INTENSITY

10? 10° 1Io2 10° 1I02 10° 1'02 -10° 1‘02 10° 10’ 10°
EMISSION LENGTH(mm)
HIK T RF— 60MeV TOMEE & RNEDOBIR, ks b, L=865mm
TORETHRIL L Th B, Wiki3, ©—LDEMNY ZEMAL & DM
WO EME, ERMEISORKBFE—LOBARIOLEN D ZERL
o & & DEFEE,
W ERCRHSEOAETE, BTE—-2QEBY PREATELVAZSICE TS, =4
WVE-HBEVEEFHICE > T BDTH S, £ T, BT E— LOMARIDILNBY ZBAT
BB AT > o BT E—LARF & VHI D LRTRIEMS Y PSS, ZhEEE LK,
FTRREBEATEN S bDET B, o, BFREAAC—RNHTE2dDET S, £
DOFERRE, F2X, BIMCEBRTRLUI, BTE—LDEMBDAEBRET 5 LickD,
BRI W TRARIBAOMERREHATE 5, COE—LEB O GBI EiTIE5 &
L&D, BEAOMEMSHPATEX BRI NITRSRV, 1, 2oz, MEHEHE
BRAELB>TVWBF— 5550, BEHICOVWTOERIXS 3. 2 THNIB I LT 5,
32 HEoR#A
TIFEEE | MO P3ONE GOtk 165mm) KBV & &0, BRHRHEORKBAOH
ERSREE AN, HOKICEBRTRT, HEMKEZ07, 14, 24, 41lmm THY, RKHEH
M1 D [ajggil & FEF QBB E 5 HICEE L S B OFRILERD DA ZRL 1o KFDOBERFE
E— ADEAFRIDERD ZHER LI L EOFEETH 5, EE—7 OMERFBEF-HL TV,
[BL, MEEC @S VEESE -5 ERONE, COBRR, EROF 5 viih b 0Bk
BEHDEID AB R, 7 v 3 #Ed O O BEZERERONEETRE U IO uIREMAE W, HEE
ERBAOHFEMEMEEORICEVSELZHHE LTI, COLIBREHKERLTVS
AIHEMEDE Z 5B, & D RBERBITEITE 513, TR NBICHIZ 2 46ERS 5, £X
SNBHEDS 5 —o>OEHHIR, TITHE > HRHECRBTE-2QEBYBEDON
TVWaY, EBRIHERET 5L ZICLTOETOMMIEITTHEE LV I RENEFTATY



269

INTENSITY (arb. units)

| // \ i
i \ » \
Rl P PR W N R B W, O
-200 0 200 -200 0 200

ANGLE (mrad)
AN k¥ — 25MeV TOEBMB ORBM, KEtEE M1 o [Bl#ziic 3

EREAHRORERDTH 5, EFIZHEE 14, 24, 4.1lmm TORIEM,
WRRIIETFE— 2D EOILS Y 2B L 12 & & OFHEE,

B B o e R e e R A e
L A=1.4mm I A=2.4mm T A=4.1mm
= L 1 1
= i T B
= o -1 3
e = 1 T N a\ .
= - / // \
~— | II\ -— -4— " l \\ _
> i i N\ T I \
[l i1 -+ \ \ § I AR
I i \ \ B I AR b
z L I\ ral I \ \ -1 / \ | \
= TN L VI 4 vty
= IIR\VAN I R .
=z oy -+ Wi 1 RV Vo
= ihvo\ Wi ! V! \
N | \ I VI T+ ] WV VA
[/ L v 4 R \\ 4
02NN A «dll /7R T B A Z4 BN TN Y P =
-200 0 200 =200 0 200 -200 0 200

ANGLE (mrad)

BOEX T xuF—60MeV TOEBBHORIA, KEtEE M1 olalEi o &
B ARIORERD TH B, EidE 1.4, 2.4, 4.1mm TORIEM,
BHRIEET £ — L2 OBEADIEA D 2BR L1 & & DFEE,

5TETHB, IR, BEF I VBICLIHELMICHEYTAAETT VIEEBERLTYL
50T, ZOMBRGERT BLENS A,

§4. & &
BrxvF—0BFE-2E2H0VT, EBBEHOBE SRR L OBBRERE L, 08
RiF, BEFE—2OEAROLELS Y 2HRHIABICED B LT, MEEERWETEIEMNTE
7o

BRI, 74 F v 7 OFEE EICHB B B OB, BREoBREERT 5,
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