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BRI v — 27 8L, T30

S ¢ T B R CLBRY S PROTON ENERGY SPECTRA
Ee33MeV
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ble-T, BWITHE—27 DF =
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BHBFO TR F— 2T MAOBEEEFELTANLAL, REARDANT bk
g e CHEEE 7 A AV CERICHES T2 F T 2V F—AXT PLZRDTI,
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d®o (E.) _ Fe d?0;, (Ey) VP BS
m“;“—}% . _d?dE_pL{MLCEe’ET)_I_N (Ee,Er)}dEr (1)

Tbang, cov, LTED Ry EEEIL = aaE - B OXT CRTRLIE
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BT L BSEMBE AL, TAAF—E, OFLTFORET 3%~ 0 OXTHLVCHK
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EMmax )
[ Za VR CEL B NS CEL B ) dEr
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o TEFTRAF— ELE R g ZBYUCENFTEREF T RAVF—ART b

YTa, { N\E(EL, F;)+NP(E., F;)

}
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+4EY
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2T M EEO TR AERCHYTEBTOIIAF - ARSI M ERDLEDRHE S,
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Z DEEDEITFHUT
Ex
N=fEminN(E,)dE, , (6)
TOFH T RV F L

—_ Ey
E,=NfE N(E,DE, dE, , ™)

min

X, HFx fvF - DRI

L
2

E —_
[ XN (B> | (E,-F, ) dE,
4EY = EZ (8a)
[ weE | aE, ,

Ey

0|

E, —
fEr |NCE,) | CE,—E,)*dE,
4B} =| ol (8b)
"IN CE,) | dE, ,

Emin

1% MR 7R ARICEA LR R OED h
WM T EOTHT R F — b T KL E — i

ai

E. (1) (2) (3) (4) (5) (6) (7 (8)
65MeV | 1.0
57 MeV | —1.139 1.0
49 MeV —1.154 1.0
41MeV | 0.061 —1.197 1.0
33 MeV 0.069 —1.577 1.0
29 MeV 0.076 0.409 | —1.321 1.0
25MeV | 0.050 0.199 | —1.343 1.0
21 MeV 0.051 0.059 0.076 0.050 0.215 | —1.358 1.0
17 MeV 0.040 0.207 | —1.302
E, |5933MeV | 51.15MeV| 43.13MeV| 36.12MeV| 30.23MeV | 26.22MeV| 22.16 MeV | 17.83MeV
A4EY | 2.82MeV | 2.90MeV| 2.91MeV| 2.41MeV| 1.37MeV| 1.37MeV| 1.39MeV| 1.55MeV
AE? 10.90MeV | 8.03MeV| 6.15MeV| 4.45MeV| 3.156MeV | 2.02MeV| 1.75MeV| 1.80MeV

Emin =14MeV
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TEHE LI B1EC, COLS5CLTKDIa;, E;, 4EY, 4E;%%T,

41 BFOIRNE—ZXH ML

FARIEROBIC L TROTERE 7 BICL 5 Au (7, p RIEOBEFAXRT bVT
Hho HBIM, #H2RRLI (e, p)RIBBTT 5 F— 27 bVZHETT T 1MeVH
., M TIIMEY ~1TMeV I 7 &, T 3L — 557 < e IR - TR L
Twi=h, (7, p)RIEBTFART bAOBEIL T RO T X VF —H35MeVE H K E W,
FOFARIT1I0MeV 1 H30MeV DRI THER DB TH Do HHIT 0,=40° D H & IITET
FIANF-BFLOAEL RN F-BTOHBREVCHEARDH 50 55 ( 0,=140° ) TRET %
NFE RS HERD W, (e, p ) RIGARS bViCEETHIE, HBRPFEIE A7
MLEBYFELHESL, THROT RVF —D22MeV &BOMeva)Fa'ivc;foé%ébi, BFTx¥
— 27 MR, 2D L2220 -208bhb, ZD2DODE—-ID5L, T XL
F-DEWHOL—71F, ABELI s TRIELLEVORAL, TRALF-DF/NWHO L -
2iF, MiAHTEREL, BHTNEWERIBHMEARLTED, 22087 R 5 RIGHE
Bl TEORBADTHAEI EHRBL TV, X, —BI, BIFIEE SN A5T D
FHEH T DS WELG D,

4.2 BEX®

ETRDI-(r, p) RIBOBTF AT bk b5 MeVHEBREYE D, ZOHEETIMZ GHE
P DR ZMELOWTCT Oy b LTELERICE e 2T, 90°DER LIcHBELTH
5o CORTRERALBEBTFIANF-DEL, TOLDRETHRO T X AF-DEL T
LEORAENTH Do FEARMLFRIh LK, BFT xrF¥-nRKEWE, ASMIESE
WHTH =2 %R L, BFI 2 ¥ - MEWCRRCII ST s s ic b, X, TOHEK
WEHRLHT T O AN F - DR LR T XA F—DFWH EFTHTTWHHE
Db be

4.3 (r, p) RCHES

FOERIFEARDO T ZNAVF - AT AERESLTRDI(r, p ) RIEKIABETH S, £
BREOREEIIFEEE, BEEIXR(8a ) (8D ) TROLTHMIFINF-DETHS,
RISHERE I VCTROAETH1TMeV A bz h B D, 30MeV  fH THEIN O HEEEITE <
s = T\ B 0%, 60MeV 3T F CHFRICEEM LT\ C, BERFBIIEER s — 71X R bh
Fy X, RIEKEREVTRAOL %A —CThEIHEEAXVELBS D Bo
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ANGULAR DISTRIBUTION
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33 ERCELD '®’Au (y,p) CROSS SECTION
SEIKRDI-MERE T RITL D o
Bp=40
(7, p )RIBBTIxL¥—2 0.6} —
ST MR, 2Oo0KE e 04 _———
BB TROTFAF BT ' -
R BT R LT, @ 02 ‘
D ——
Cu®Zr fHEDKI R Hh 59K g 0 , . , ; . . A
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TERAF-FHOEH ENRDITR %ga& 1

Shiclye G TAun/ —n1
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VEEREDE L A EEREL SO T

[z %L % — BT ORI S 2 0.2r -
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SHDERWRETH ¥ — 7 HIR T EHD, GfMW

b, 7RO 2 AFX-DEVWRIIT 0.2+ —_—

AP BER AR BT B RO 3 . - .

Y TEape— 0 10 20 30 40 50 60 70
Ey(MeV)

PEBXDN Do B, WHED  wom (7, p ) REKER, WELLBFO

HTEALRGCTEIHRTHD, F v ¥ —HiFH 7.48 MeV ~ 36.29 MeV o

he (7, n) ) KGR FovRIGOERE b5 5Ee Ly, KREBHEEEROBE P, K
HisRE IO\ THEBTRER K S L E 2 T Bo X, 86 MO RIGKIHERL Dodge EHHERL
TLWBHRY , LERTHRIBOEFEELZBATHLN, BFOZ T —2AXT bR ERAR
LHBTAHER Y - T, ¥0FELE LI ENTREL L, BEHFEAOBRIE LKA~
OB THRHEEHEENOE G4 7§ 5 DIEL b D EEZ BN 5o
rﬁ@x*ﬂﬁ—ﬁ%Mw~%Mwaﬁh%%@l*wﬁ—x&ﬁwa@@%&Zv@E
— I DB b b, F0 5 bET XA F — DB IIHBHESHHCEH SR, BT A0 E RS
BT E— 27 %R Te COHEMBLE T 7 F — OBRTF B E B AL ) DR S h,
Bz F—DBHETA VY 97 « 7Fu/RECIAS ) & AfRLEALYR- R T,
BT LR T— | IR ABERCE L B FARE Sh 55D EEX 2EMRIREY,
EBCE LRI AY h L, K- % 0 Lio2 SO Fh, FECE - TERERD
HBRELELL TWAOTEORSLNDAEHTH N, 2 DOREREDMED 75 HED AT
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ThHbHEEZL T 5,

SEIOPET, BF T FAF— AT PVIBERRVE#BR bR 0T, 48, BHRFHE
LOHBAEDL DS D THbD,

SEIfTEsTek o7, BRED2EFxNF T -7ERMDOXRDIz (e, p)RIEAR
7 MEBLEDET, BRE 7 BOEBRICHEM T LAY PURRELBTTERIENDE
CERSRTEIS, Boll, BECEHWEREBXTARI PAORET - FhL < ohBRESh
Tk H, SERLUIRCRICERE > 3R T 5B IKRB N FRETHLHLELDN L, Th
R, KTFEBLCEIEREFMEROERCINESE T T EITRAC LT dDLE
Bbhbh, MEOHERFE, REXTERORIECE s THEELETHS S,

BHBIc, COFBRPHERYE ULHH L QIR WEBBERE LD & 3 A3 (7,
T ) TN —TOER, EROBICHEEI AW RERRAERER, <> v - -7, FHS
W= TOERICE S BRHTLE T,
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Li(e, ) 'He* @R IREEOMFE (1)

R, HoEm®
LR — « VPRI « IEATR
KRR - SEMIBMY « B R
Borid, Lie, 7)) He KIS AT He 0B KRB % & SEERBOER
BIFF 9% T 7 - C 2 1m0 "He OB B o TUoioun s, A= T OREIEE BB
CREBRE NS OERICHER LT D EEL bR TWh, SERKNE ERIET L
DTHET 2, "He DT x V¥ —T8 5, 13, 19MeV KEMMRRER SN T,

§ 1. "He D&M KEE

THeDBHEEIL DLW CTIXERNH F 0 fTlebh ThisWbW e icFRA EHl - Tniewns (1, 7))
RitE R A Y =74 VA VEBYEHTS /o —-7& LTL, (7, 7), (n; p) KU
BV EERAHRE ST 52,

(=, 7)1k 7= R BT ORI S 2 T o BREITRT 5 DB SR B 7 8 DML I T
28D THb, BIRE (27, 7)) RIENH BB BNICARY P EIRT ZDART VIR K
%& "HeDFET 34 F —T9, 19MeV KBMWEMMHLHIRB I T 5o (77, TI K
BT BNEFRCESE LA VW ACEBRBIT (¢ )DBRE TV, £, Z0H
BT RIGHTEBOHEREL KD T e,

Ft, (n,p) KIGh bBbNn 5B T xAF—AR7 b RE2RIRT, (77, TIK
ik I 9, 19MeV Zehih & L TIBQEWEMABRIE L T 5o LA L (n, p) KIi

‘:g (e, 7)) 7Li(n,p) En=59.6
Z & = 65 -32.5
[2 4
3.
1.
) 10 20 30 0 10 20
E_x(7He) (MeV) Ex ( "He ) (MeV)

IR "Li(rT, )R BEDNRS £ "Litn,p) RIEHHEDNS
AR PV OXER2 LD Do AR PV (XBR3I LD Do
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T}, AV 7Yy 7EE (Gammow-Teller B#E, V,, ) AEVIEZ Y » 78 ( Fermi
Rk, V. ) DRABCEZ 0, ASRTFIsAF—E 0V, /V, 38T 5, Taddeucci ¥
birkse, AT x5 L —6OMEV T, Voo / Ve=1TH 0, 200MeV FTx %
WF—CHBILTKE LT 5o

— 77 (r, =) RIS IEFE < 2 b EBOCRIGRMAHRINTED, AV 7Yy TEB%
FECBERT L LD TV D, Flor DBRMAREZL A LR LD, EHEBTERERY
FANRLIENTEL, I-oTln™, DR, pP)RIGDOKEELHELEHS "He BT
DAYV HEREY EBCHE TS Z LHXRD,

§ 2. EBRUBH
21 £ B
FRIIEINKEREMETF 71 > v 70 bBEOLNABEFHYE 2 ERBOKAERNCHRT S

NI LIS 75 2 LI i nfTlebhle, EELICr" ILDM L EBESHT I,

B EREINTE33F + V3D 3BSi(Li ) SSDAYVE—FT L A3 —TR L DKH

Shbe
AHEFLT RAF—(2203 MeV, "Li EBHIDERIT 200 (FT430°) ~110 (#7F7 ) mg/

e, MEEIL99.99 DA DL 99.T BN DE AT, FIMEEDOHEIMENEHD DI

200 mg PARFY F 7L (LIH)ZHAWT ' H(e, 7°) n OFER %775 5 oo EBRFED

I DU T A STHRICFES )
2.2 F—H@R
ERHrDEBEOI AT T RV F —

AT P NVEREINIR T, "He D

R B 5 BRI (e, @)

e U CEEEL, KhRRE

DEE L A BT BB E 5 hRH

x
O,
N

Li(e,t) Ee=203MeV

do/dN-dTe (ub/sr-MeV)
N

LD, "Helt BT, T u _,,,!.dm}#‘:" - —

B v v xd, —0.44 MeV, B 0 10 20

B EEERABIC 55\ CHEIC BV TV B - Ex(7He)  (MeV)
Cofw () RiEE TR, B TLiCe, 1) RIEDDH DR H X

7 bove ERIITN TN O DOME %
BRTWAHT least structure £ 19 b o T RBHF AT Fove
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RV THRREBORTARET S L2dlh
| 1o & T least structure BEIXERZED0.5
~1 BBRECHEEDPRVT — 2R L THND
hanT, ZOERIHOEENEELZ XD
Li3ed, SEOEMIIZINF-ART b
B CEM AT D LR R T D C
EThHB, B, BARTIEZ R LF—AXRT
MLIZBN S FS 1 0F &R ER T H10ICIFH
StEmAY Fermi BIg

2y
1—exp(—2mv )

F(Z, E)=

BRAWTEE LT (22 TZRBEEOHE,

B, pitnt oEBTIAF—, BHRETH 50

least structure #ETRD bivic "HeDJhE
REOWEELYE 4NRT, Thitdbé,
BHieT %L F —T8, 19MeV T ITH HERL A
HBbhafiic, 13MeV (LT ICHERLH DD E AV
CFRMEN G, F1o, ZOMDLITEEERIRE
i1 B RE BRI TR Y B § 5 B
FEZE BT LR, ZoTcd, 4 H
DN CITEER AL FARBRII/ NS WL LT
R LT

least structureEMbOKEE &, oD KR
fERE LB L T ' Helckid 5 T x v ¥ — B %
HRE LT MREYE 1 RIRT,

ChzRWT, (7, 7)) TEEHRAVWHRT
WhEok, rTEEAE TR TELIZ LKL
X W KD Too AEED DL RDI-KHERL

( arb. unit )

ds/dQ

0 ;1020
E x ("He) (MeV)

A least structure BT X AHf
TR THe kB3 B =
*/I/:‘f“‘“w@%":}o
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& X DIE, ry i Li(y, t*)’"He Es=203MeV
.g . g. s. ]
Ex(MeV ) 0 8.5 13.0 19.0 2 o 8.5MeV
I' (MeV ) 0.9 3.5 4.0 5.0 10} a 13.0 MeV 4
o 2 19.0 MeV
3 +
3 ¥ b N
ok 4 f /1
EER
f
HEN SEIOERICL DEONKUE l
frd Cr, m*) Wi . , . ! .
30 60 90 120 150
6 (deg.)

OWIHERZ S 5 KR Tok, RENXT A2 F LB E LTid Tiator -Wright €L 2 $o0"

R,

2.3 8.5, 13 19MeVEAIIZDINT

Kissener Hiz Lhi¥, "He Ot ¥ —T 9, 19MeV DIRABIT Configurational Spli—
tting & LTEZHLR T35, EERIIE, 9MeVEMT 1p —2s 1d, 19MeV (38T 1s

= 1Ip D1 T0BBLEEXLLDTH D,

ZZ7T, BN THEAELZHWTDWIAGERZ T -1, £OFEREZE6Na), b)), o)

10 T T T ‘0 T T T

- Ex =85MeV —_ Ex =13 MeV

[ . =

3 Py~ ds, M2 32

£ 3

P ° S, = Py, M2

hel O

30 60 90 120 150 30 60 90 120 150

0 (deg.) e ('deg.)

FO6X a) 85MeVHEFLOD (7, =*) K b) 13.0MeVH#AM D (7, z*) KR

R & B—RTDWIAFHHE,

LB—KTFDWIAGE,
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Tte ThERBRT * L ¥—, B—HTE 10 —
 BIZ85MeV; Ip,—>1d,, 13MeV ; 1s, B Ex=13.0 MeV
2 2 2 0
—1ps, 19MeV ; 1s; > 1ps Thbo & 2 t ,
2 2 2
BHEML LTEM2, Bl 2AVTuhom  Of ]
%02 (0 ®Y, ), CHB LI Spin-dipole G| Sy = Py M2
BB TH Do PR BCENERE
S i LSRRI B bR T, Chicd b s 30 soe (93 12)0 150
eg.
8. > g HR— ;
b MeVEASH i3 528 & BRI B < BRI D 5 10.0 Moy ER D (7, 1) B
H LT\ 5o & DWIAZHE.

SLi (7, w* )P HER G I 51T 18,

17.7, 24MeV D¥RLT configurational splitting ZAWTRFHM S T %, B—RF
BB THLEKR485 ("THe) &£13.0 (°He), 13 ("He )& 17.7CHe), 19("He) & 24 MeV
(*He) BRI AH#ERLTHH Z & HmBE LTV Do
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X EIT g L ChsFERFTOEEE 5 A — &% — R, Rs RU'R, BRET EHES h
TVWBBEHRDOD &S BENXREHFOHE L0 S FHFEITOBEDHMECTDOTH S,
I FFE S B P T EHT O8I F DI D3R o

§5. F & &
X @R OFb - FEIFT % A5 8 ER EEB I & - TT oL, R—RBoh i TEf > &3
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#3% TOFHBER RO LRBLS Wi HER. RRBEGT 2B,
FERDEMIZATDS o

- 26 DIFC DIFA z &% a, B, 8, a, 7,
90° 25627 - 9828 - 8195 0.0822 00229 00221 00273 O 1044

Tis Sis 150° 3540.9 -15589 -15409 00340 0.3361 00322 -00776 001 827
Ti.Si.D 90° 627 -10870 - 3733 00822 00229 00175 00459 0 1044
s Ola oo ypge a9 —14523 -15465 00340 03361 0.0284 -0.0776 001 827

PHEgia S Wi TO FRIEHTEE I X » TRE LT,

EROREY 2EED TR T s ANT 4y NEDRT 7R/ I A “RIETAN"&£"TO
FLS "Icd - TN LEEEDRBKERE < T2 — 4 — 5o

TO F R B 5 B EHE B i L Cfs FHERIE (4 ) 292.0 ARE L) bk
WTT Y =R LR L\ EEHEBE R R L, MESEBIL TS JRR
— 2B BB AESHEEE L EIF 0T O FHEBIRIERASTH %,

A 7 8 oh i TR 74508 & T O F AU ch T 5B & Bt § % L LU T 2 et h e ho
BEAH 5o

(1)2.0 ABE X EVABROREER FEO TS 7 -7 OBmERERE, RTFZHANWT
B S BRET B & - CHIE LA NERERBS 2 ENTE D, #-T, HRETR
BB ERAYERCRD LD & L), REABEBREZ?ERCRD LS L7258, &
BH O THAEBEL G2 AV TR ZE LD L T20RRDBEL TR

@©)—F, 2.0 ABEE X 03\ FERIROKTE S SO EHRE » FHCHE LT, SRNET
OB CRER T2 ERCIHE L L > & T5543, BEOAESHEEEE LD bEVWS
R AT 5 TO FRIEHEBLZAVEXETH 5o

HECE LT, 0& ORIBET AT ERABTERY TOBILEDBLHTH D,
R FESTIC I BB AT ORI EROBENE LE T/ XBREFOB AR, ERICR
2 s LT TER . $RTOFHEEBLYAVIEE, WEROBIAADOREREEIIRDF
o BEoT, RBOBRTERNFHERCRD LR TWENET BT s 117 1 v MER
FoTEBL S BB TEH /T 4 — 2 —BREARRELYR D, EROCEHEL S hi:
R RT A — X —DELL e ho CORREETH LD, MEHFCRES h1=TO
F RIEFEE AR D WK it FEIT EROBRE T 5 - 1k FEBEO 7 7 7 mERE D
EBEEY FF230L LTRARENR S > T 5,
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RietveldED 7o/ 54 “RIETAN OFERCEL, EEbRBHEELE 5
FEWOBAERCEH LI, T XBRENEBEOHEALH L TF S - &Mook, £
BLREMEROHTFECEHLE I,

& % X K

1) H.M. Rietveld : J. Appl. Cryst. 2 (1969 ) 65.

2) /NEFFEX, LA  REAPEEHRE 17 (1984) 71

3) R.B.Von Dreele, J.D. Jorgensen and C. G. Windsor : J. Appl. Cryst.
15 (1982) 581.

4) F.]J. Rotella, “Users Manual for Rietveld Analysis at IPNS 7,
Argonne National Lab., USA, October, 1983 (Unpublished )

5) RELRX  AARMRFERE 27 (1985) 23

6) JIEEE, THE, 8B4 W, (LENDF, P K BREDTIEEE 17 (1984) 289.

7) N. Watanabe, H. Asano , H. Iwasa, S. Sato, H. Murata , T. Fukiura,
S. Tomiyoshi, F. Izumi and K. Inoue : KENS REPORT — V, Nstional
Lab. High Eng. Phys., Japan, 1984 p; 93, 97.
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Cu @ 3t # B ¥ XIS

FAEH, GRAE, RARTI ALY B
BEEIR— o SRTEME - A BT WA
BT g e EE . R

§1. BELHIC

BAHME2EM TR L BRI B 3 AB15E1X, RECTHI - Tk S h, RUSEER
FREOBMBE R ST DVWTEHEL DEREYE 2 Twbo T IEDHFIIEETIC L AR RS B
FTHLOMRTEALE T, WBEREEIE OFFEIIER DT I\ Bl ZIE, TiE D4 B DRES
HOBARBERCRE UTHAHME I P2V TEMARFIE 2 2B OBE b e IhThigh o B
EETH 5o

BRI TR VX — RS DR ERE 1T Serber ! 1@ X D RIBI NI BB ET L —
BLIXAF-ABRT L2 -7y MERAKTFEOERI LD, AT - FHROERI S, %
=y MEPDRITANE U X S A8 —BRE, - L UbE ShIBRERDBERT 55 W T
DEAEDERC LD X DT X LF — B RCREAERR &I 558 B — k- TN
Ehks

KTFAHOHE, FOTRAF—pin pRITFAERD L EE (~ 140MeV) %25 L5
bd, KFEZ—7y MERKTEORMEMFRICEID 474 VA= pERSHh, ThriED
Cr LT ERBBEL, FRODKRTHLHIAYT — KROERI Shde I ORIGEHRDEK
DRI F I L BERUG DB A L3 DR > TR, & OHENMERMORKS
Ml EIE DL DI W5 D FIER KR H TH Do

F 1o, B 100MeV ~F10GeV DB F 8 & OEA 4 VT X MR RIE OBSH LS 1I0
FICB T, R OWR DR ZOEROMIE LT 7y h Licmass vield curve O
By O slope i, 2 =7 v MERE 2 bNICFH ORI T X V¥ — 6§ 5 BER cfig s
7252 & (slope VNSRBI T % L ¥ - BAE b & %RT ) BER S h,
Cu st =4y FRTET EEA A Y OBBRRIG % B8 1 T2 KRBT icbhls L
T, WHTEDslope 1% LD, LAbAHIRAF—2~3GeVELEI S & slope
DRI B &\ S B DR STV D (1R ) ZOC 2R, COTFAF—
FIRTRAMB T IS FCLEAA VT, 2—7 » MG 2 5 FHORRT 3L — 3%
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L<, 2~3GeVElETite

@mﬁlf{;b:\‘:——ifﬁﬂﬁﬂ)ﬂt% g ! : I "”WT I I |||‘"I 1 I lllllll =
osF 3

LTV BT LRER LT 3 oS F ]

\ = T 7
" 50 g - \q /I'He —

—u, epmmsone, g | N/

3 3 o 1 4) YN ' E § 14N 12(: ?
VIBXOTY 2-7y b 3005: \\éf &/ .
wic o Tomske, A 8 F t s

L 4 -
sEFORKTR E-2 @ L o |
600MeV {3 A | Cmass oot vl v v vyl el
. 5 1
yield curve @ slope H—%E 0 > 10 %0 100
Cied Z EBRLTLE>Y KINETIC ENERGY (GeV)

(B2E), ZHIIBTEL % 1 X Slope of the Cu spallation mass yield curve
as a function of the kinetic energy of the incident

OBEA A VORR LIRS projectile?.
~ N Filled circles are for protons, and open for heavy
Tus Lo bhbe KT ions as indicated.
X B0 d nERBERIFECHLS, FTBEORTLI T THS LITRVEL,
PDEDE >z EuERB LT, BTFRIUEA & VIC L ARG Ol ORE R L EEE

BT 5o, Cu ik D\WOEERRIG OB LA L, R slope DX —7 v Mk

T"Il L LS v 'l"" A J L Al |"'|'

1 B %\é -
aosf . %% + ]
w - \\\ \\\ -
s | ) H bopdosty ]
2 | T

o b o 127,

0.05 - 1 110l L Lot gl 3
01 05 1 5 10

MAXIMUM BREMSSTRAHLUNG ENERGY ( GeV)

# 2K Slope parameter Pas a function of the maximum
bremsstrahlung energy. This figure was reproduced from
ref. 6.
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DEECRTARERC OWTIBHN 510, V, Y, I BLUOCs €2\ THRAKDOE
Buihdl. ERIIHEIKIHE L F, AT R F — Enax= 100 ~ 250 MeV (X3 6,
E max = 300MeV (3BT DA E T4 linac, Empax =300~ 1,000MeV (ZHABHES It & - T
fTo oo AHTIE T TP OER LI LT Cu OXBEREFOREHR LR, V~Cs D
R i) b, 7ok, Rb, ST, Y, La jasoto“ic:smoo MeV % & 08200 MeV DLLRT
DFERC DN TIIEECEE L1 $hn™ BERMES FUG DL THE 4| ThR~%,

§2. ¥ B

HAL KB T DEERIT 300MeV B FRAMERER I — A0 LOBETFH%Y 0.5mmEDPt
S U Co A LB S % AL, 0.02mmE, 1cmé OCul ( 99.99%) %X~ »
N & LTEREKAKT R AVFE — Epay =100~ 250MeV OHEIFA T0MeV B ICBH % T oo BHR D
BRI 8) LI ITA U TH Do BB OREHNIZEZH TIT - AU IRAK TH 50 Bt
ES i3 0.5 mmEDCuli® 7 2 2— 2T, 0.06 mm/ED Pt U+ v Thallk X h i HIBH B SR
DORERBEET 2HhE LI - L L DK TR Lo

BEOBOL — LR, Al L b2E=4 KI5, YAl (7, 2pn )*Na' R DRBE L,
FOEEHED I v AF 2 v 7 DLHIEC (1, n)'CREDWES, FHES TIWilson &
quantameterkoté HE AL EHE T, HER—HTHZ &Mﬁﬁ)ko v — AR EX
linac T 102~ 103 eq.q./ sec THREHIHI 55 1T - 7o ES TX 102 ~10°eq.q./sec T
30~ 4RI TH - 1o

WS, pure Ge RINBRIC X DB D 1 MBE T\, 7RO XAF—& EFPH, D
R EE Lo WEIIRH 17 ARk LTT - foo IR LICERB OERM, riR-xr¥
— XD EE 1 R T,

§3 HRELER

T4 ORE RSB SRS D AR OB (mb/ eq.q.) 2R D 1o LOMREHE 2
FILTT,

18 & AL BT B A © Rudstam'? OB

8PR2/3

72 AT TTg e 1)

exp (PA—R|Z—SA+TA*P'?) . (1)

% {8 - Tmass yield curve D slope ¥Kblo 22T, 6 (Z, ADZE—7 v b (Zy,
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2% 1% Relevant properties of nuclides measured.

Nuclide Half - life Radiation Measured Fractional Abundance
Cu-64 12.71h 1346 keV 0.62%
Cu- 61 3.37h 283 13.3

656 11.8
Cu- 60 23.0 m 1333 87.9
1792 45.4
Ni- 57 36.1 h 1378 77.7
Co- 60 5.27y 1173 100
1333 100
Co-58 70.8 d 811 99.4
Co-57 271 d 122 85.6
Co-56 78.5 d 847 99.95
Co-55 175 h 1408 16.5
Fe-59 44.6 d 1099 56.5
Mn- 56 2.58h 1811 21.3
Mn- 54 312.5 d 835 100
Mn - 52 5.63d 744 90
1434 100
Cr-51 27.7 d 320 10.2
Cr-49 42 m 91 51.3
153 29.2
V -48 15.98d 984 100

Sc-48 43.7 h 1038 97.5
Sc-47 3.41d 159 68.5
Sc- 46 83.8 d 889 100
Sc-44m 58.6 h 272 86.6
Sc-44 3.93h 1157 99.89
K -43 22.3 h 373 87.8
K -42 12.36h 1525 18.8
Na - 24 15.02h 1369 100
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# 2% Formation cross section ( mb/eq.q. ) for photon-induced
spallation reaction of Cu.

Product 100MeV 130MeV 160 MeV 220MeV 250 MeV
Cu-64 159 =11 159 +£0.9 16.0 1.0 148 1.1 156 +£0.9
Cu-61 331 £0.17 3.39 £0.18 3.39 +0.18 3.10 £0.16 3.74 £0.21
Ni-57 0.005+0.001. 0.007+0.001 0.012+0.001 0.014%0.002 0.021+0.002
Co-60 0.418+0.034 0.470+0.044 0.484+0.040 0.602+0.043 0.852+0.062
Co-58 0.750%+0.038 0.882+0.043 0.816+0.039 1.18 £0.06 1.39 +0.07
Co-57 0.256+0.013 0.341£0.017 0.352+0.018 0.570+0.029 0.726+0.037
Co-56 0.035+0.002 0.053+0.003 0.068+0.004 0.133%+0.007 0.169+0.009
Co-55 0.023+0.005 0.023+0.004
Fe-59 0.018+0.001 0.021+0.002 0.023+0.002 0.040+0.003 0.050+0.004
Mn-56  0.011+0.001  0.020+0.002 0.028+0.003 0.047+0.004  0.056+0.005
Mn-54  0.040+0.003 0.068+0.006 0.093+0.006 0.219+0.012 0.308=%0.017
Mn-52 0.002+0.001 0.004+0.001 0.009+£0.001 0.034+0.002 0.050%0.003
Cr-51 0.006+0.001 0.013+0.002 0.022+0.002 0.098+0.008 0.145+0.011
V -48 0.013+0.002  0.023%0.002

A PHAER LIEEOREE CHY, P, R, S, TRIUV G IR TA—Z—Thbo

D

5HPhislope #525/35 A —2—THYH, Rikcharge dispersion curve O, S&T

rovr—r4E,

0L IEMBINRET DR T AR —Thb, /N7 A —2—DRER,

FFE@EDNRTA - LT N T NCHLIEXRAL, TORURLDFRE LIco (Z, A &
KB TRDI 0 (Z, A) LDERRD, TOERNCIALDTIARSBD/ T X -2 —%
&8, FOBMRIEE - LIRS TORNRTA— 2 —({ER ZTORF TORBMHE & Lico 2D
FEETRDI T A — 2 —{ERE 3EITR T,

% 3% Parameters of Rudstam Semiempirical formula.

s P R s d
100 60+ 8 0.65+0.01 2394 0.61 0.478 =+ 0.002 0.00020 £ 0.00004
130 48+ 6 0.56+ 0.01 236+ 0.54 0.478 £ 0.002 0.00020 £+ 0.00004
160 35+3 049+ 001 219+ 0.32 0.478 + 0.001 0.00020 £ 0.00003
220 35+5 0.37+0.01 216+ 1.62 0.477 £+ 0.001 0.00019 £ 0.00003
250 362 0.33=+0.01 2.15 + 0.47 0477 + 0.001 0.00019 £+ 0.00001
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MAXIMUM BREMSSTRAHLUNG ENERGY ( GeV)

# 3 Slope parameter P of the photon-induced spallation
of Cu as a function of the maximum bremsstrahlung energy.
Open circles are for results from electron linear accele-
rator, filled for those from electron synchrotron.

:@6%PK0bfin7bLt®ﬁ%3@T£50::K@,ﬁﬁ&ﬂwﬁ%yyﬁmb
0V E DT 5 7oER (Epy=300~1,000MeV ) OFER LR LTHD. RhDB bhvigd
5ic, slope i~ 600MeVELET—E 72D, IR LIVELOT & =7 v MCOWTORE
BLABEOE™EZT LTC5bo §6-C, KBRRIG LBF B LOEA 4 v Ic L5 RBERRIG
DEEFELT,

(1) BFBIOES A VL BEERRIGOSHE, slopeld 2 — 3GeVHUETEERLS
7, KFOBEIT~ 600MeVELET—E &%,

(2) XF OB AEDT hislope HKE Ly
LD EDbh Do KT L BEBERSIGIIHTFIR & LTt T XL F— AT pLidD
ﬁ@ﬁ%ﬁK&ﬁT%tb,C®%%%%%$é1$w¥~@%%ti5%%ﬂﬁﬁLT%?
%iUE4%?®%%&%&LK@h@&BEVOﬁﬁ,uMMﬁg%Kié%@KOMT@
AP TH LA, BEHEME, (DE2O2WTIEEBRLITR- Th 600MeV B T—EIL/RDH L\
SEEIFEL L C &, @QIOWTE, BT slope DEIINESTIb T &b b &
L THBFRBLOES & VOB LA UEIEN DN EIPRKR DL EZHTH SR,
%?&%%%i@i%iyfkgﬂ@eﬁ~ﬁ¢t5l*w¥—ﬁﬂﬁéﬁkiﬁﬁwﬁﬁf
Bbo BEDEZAH, ThHLOMREAL, il ORI ORA OHEIFEROEL, 2% DX
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F—BT BT TOHAEIER TERTL M PEFOLEVVEHRLEL DD Z E—HNBD
LOTR e E#E 2T B hunfolding B2 L AR R 2 TERYE LicweE LT
\4‘60

AFRICE L CIE { OF OB A REL Ui, Fic, BENONAKREE, WATE, &
O=FER, EHROEMLELR, WH M, EEFRME, ROBMOEEHBRE, B #,
REEIE O K, Inkes B CRSEHIIE I OV TBE B D 2B\ o, BSEHTHK
BThbo

& % X Lo

1) R.Serber : Phys. Rev. 72 (1947) 1114.

2) J.B. Cumming et a/. : Phys. Rev. C17(1978) 1632.

3) B. Biilow ef a/. : Z. Phys. A278 (1976) 89.

4) G.G. Jonsson and B. Persson : Nucl. Phys. A153(1970) 32.

5) G.G. Jonsson and K. Lindgren : Physica Scripta 7 (1973) 49.

6) G.G. Jonsson and K. Lindgren : Physica Scripta 15 (1977) 308.

) Bkt b REMBIEERE 8 (1985) 290.

8) K. Sakamoto et af. : Radiochim. Acta 37(1984) 68 ¥ L OB IFFEHE 17
(1984) 81.

9) K. Sakamoto ef a/. : Radiochim. Acta 37(1984) 83 ¥ L UBZEBIFsEHL 17
(1984) 110.

10) 1. Fujiwara et al. : BERBPBZEHAR S 8 (1985) 304.

11) B. Johnsson et al. : Z.Phys. A273 (1975) 97.

12) G. Rudstam @ Z. Naturf. 21a(1966) 1027.
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"V, Y, L Cs BB S

SRAHE, HARTFTRAF—FF, FAHE
PRt B <4 K - EEEREE
O e BARE  ERIET » BEE B
SR
§1. B

#18) TI, Cu OIKEBEREEIG OBEHMEE IR IC DLW TR N A TIE, 'V Ol & 5
CEWERZ =479 b ELIBECOWTR N5,

#4132, LTI Xe B OKr O AFELOFEZEHOE LA S, PLa, PCs, ¥Y, ¥8r
ROSEIRD (LW Fhd FRFAMEGEL ) ©OWT, BAZRLF—  Eg=100MeV RO
200 MeV DEBI UG L AR RE R OBEHEEIRIE 28 & L15%  Ch boER
3 FRES T R E ST O T L, B &@ U < Rudstam OB (CDMDR )

~ 2/3
o (7, A)=—2LR 5 exp (PA—R|Z—SA+TA|¥?) (1)

1.79 (ePAt—1
CESWTER L, oXFIzxirE—, 2—47y bRUOASR T OWTOMIRER & S
F AT »170 FOBE, R EFND 5 DD/ F A — ZRDWTD Jonsson and Lindgresﬁﬁ)
DI RE D £ DRI ZER(2) ~B) DB X G L1

P=1460E, %A% for E, = 600MeV (2)
P=166A"% for E, > 600MeV

6= (— 0.81+0.184 InE, ) A}'" (mb/ equivalent quantum ) (3)
R=d'A™" with &’=11.8 ; ¢’= 045 (4)
S=0.486 ; T= 0.00038 (5)

LI, ZEAREREORTES LERH o (Z, A)WERBORE (mb/ equivalent
quantum, LA Fmb/eq q &M ) 5 AR E =7 v N QBB E, ZHERATHROKEKA T
JL¥ — ;o IS IEMMEELMERS 5 Plmass-yield curve DfE & ; Rik charge distribu-
tion DMAFE L, S&TRZORLER (Z,) #R(6)THF 2 Ho
Z,=SA—TA (6)
LLUET O E, = 100MeV K 0¥ 200MeV ORITE TiX, PIc>\~Cid Jonsson and Lindgren OX
@ EE, His DRI RV E T, £ THENE, ChHLDOERENIDEZE, RUS -7
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L MEBEE LA DL Lk I LT, BEPITE, 'PCs 1o\ By = 220MeV , 7113
E,= 250MeV, 89y L SMVITE,= 100MeV B 530MeV 81 250MeV ¥ T, #HFES T, E,
= 300MeV 7 5 100MeV & 1,000 MeV ¥ ORI\, B, PRORDE, & A )
FARGEBAT D & LICEA LB o 758, © Vi Bilow" R U'Napoli %° 0, %1,

21113 Jonsson 51T DB K & DHBER Fio 1o BLEDE =75 MOV TOBT PHA
RIS 5 E 1 AT L DT, B0 Cu 08 & DR HBIET X Tl CHIE,

5 ORI & 125 5o

§2. £ B

2.1 ¥—4v FEY

By Sy g —y MY, FRAETNEME (> 99.9%) O&BY L&EVEAO1cme (F
H= 15r1r_1g—V/cm2 YR O®@ 2.5 cm % 2.5 cm (A= 230mg— Y/ cm?, 150mg—V/ cm®)
ot fok, QDY IIE150mg/cnt DY, 05 % Al Too E e, 18Cs, BT =4y b,
L REEEAL CsC1 (BCs 5 100% ) ROKI (P11 5 100% ) #HEZ2 4 — 7 v H T 100 CKT—
Bkt (D% 500mg % 1 cmé (JEZ=640mg/ cm’ ) R U@ 5 7\ L10g % 2.5 cm ¢
(BEz=17\L02g/a®) DXLy b, WEY LA TMERR (50~ 250 kg / cm’ ; 30
~60F ) L, FhFh2mg/cm® DAl FEEE<1 7-KEBA, €—-LE=F2—HAAIK
(FR) &dticrg v 7 & Lo

2.2 R

A ORE D, BT LA U TH D, BEHEEIY, BIEHLINAC TX 5 ~10%, &KBFES
13305~ SHERI T, VAl E=X —(F, BT, KE¥S 1cmg, BEX 6971 165
mg /cm?, BETIE, K¥E25cmx25cmEE 270mg/ cnf TH- Ko

2.3 bR

Y. Vi b OB R O5E R SRR T AR e A b Y = (§ 201k DT
W, 12~ U0RE R BT, Cs, 1Tk, R ERE LESHEERTELZOA L, $920~45
B R Lo LS8, CsClpbidXe, I, Te, Sb (BHITL In, Ag O % 5)
B OKI p5iETe, Sb, Sn, In (EHTIX In, Ag DA ) IKDOWTT - o

Xeld, BHHZE O CsCl #WE F B L, WHSHREECHE LB RICEE &
ey 1U, JBSCSC BRI AKICHREE, ML ISR, hIH 28T, Agl & Lico
Te, CsCl, KIFCMEER% 6N - HCl hf#es, H,S %l L TeS 2UBSE, Th
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YEKCEL LB, £BTe R Lico Sbik, MalEL, {%ﬁ@%%ﬁﬁ& In ¥R &
BUG 2%, 4 LIoSbH; % 2N-HCI1 (+Br,) iciis#h, H,S I TSh,S, 2Ttk & ¥,
Sn, IniX, CsCl ¥R KIFABLKCERE ( In DAGHETIHEE, 2 -7 v MEK
D OKBALY »— Bk 28, CheHBCEBIes ), BmBE T CH,S K L hER L
fefifbiy % IN-HC1 icBh L, WX In OF et Ui, Bk, 6N-HCl K@ L,
HF #5012 TSn é»':fx JLThbS, Sb®Sb, S, TAF+ RV L, ZOBKICH,BO, %
mz7 oAt u 5B, H,SH@BLSnS, #87e T, £ In BBEKIE, BUBBEN: &
LThb, H;SITIn,Ss & Lo Agld, KI DEAL, BHFRBLKCEMRE, ZnhE
+RIER (DB RINZ, BETCLVBONIEEAg DBWMBERIC, F1-CsCl DB EIT
B4 -7y MRBIKC, KIBKEZMZTAG] %4 Lo &h%Na,S,0, B8 I 57,
VEORMBEAMAEHL, BT L TELRICAL S *FREMBIENL L THLLKTHERL
Too BHEIC, BHED 6N -HCl 2 F LAgCIl & Lo BONLEBARITTIVET T
1NV E—THEBL, rBA7 beA ) —-BHHEERRE Lo

bR, FEpEERRIh D, precursor i HDEEER OEE LY T 1o\ B & OB,
B OB DEBIEC L DR DT,

24 7R POX Y-

HETERIE (X, Ge (Li)-4k PHA K Tfi-lo AR MAM@HTE, Komura' o7 #f
AR NVEBBEN Y 7 P RO—HEFHER X - Tco BERTEIIK 1.5 7 A 0EE BB,
HEE— 7 TxNF — ERPINCE ST TS Too BREIIE, "PEuEERK % 2 cm ¢ OJFHK
LA ERTER LS RRE I X 5 5Hsh Rz > Ay i

2.5 CDMDR®D/5 4 —§RE

Cs, [T, £ OFRINT HEMNE <, REMAprecursor OBELTERIC L 555
TG LGV, £ITET, HA ORKREMEICH L, MR OmARERSE 4 Z 8 LT
precursorFEDEELZ BN UDRED, TOBEYB T 2T, BHAL - REKB %>
RN ZFEIC L 5 C, Rudstam DR()DT A = &2 & ED, R2~BICL /87 A —4&
& DB % 1T - 1o

@® precursor F5DORED

% B9 % product D precursor M 17 OFEHFE2 5 (AL, ZKRKIEITEVSDETE),
BHAHRZ t . (BI2IE, b5 BEREZ D CEW X5 product DHEHEE (Am) (T,

Aym= 23 (Nyy +Npy+Nos ) (7)
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Ny = "z;ﬁth (1—e 2ty g hate
Ny = jlqs_A;t (1—e M) (eMio—e k)
2 1

. N; - = -
Ny = |:01;152Nt (1—e 2 )_l_‘;ll‘b_ ;2( oAb o ~Ratb ):l o ete

THEZbhbe 22T, A, Al¥FhFhprecursor & product DEEER ; 0,, 0, X%
NEROERR KR ; ¢ ETFHE S N T2 =47 v bOEFE ; ¢y (XREEEH S Noi
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#0Xla. Parmeter P as a function of E,. The circles denote 133Cs
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symbols -ref. 9 (E,= 900MeV ) and ref. 10 ; B -ref. 2 ; Q -ref.
12. The dashed lines are obtained from eq. (2) for ®'V, /I, '*Cs.
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28 1% Parameter values for eq. (1) obtained from the yield data. The
values in brackets are obtained from egs. (2)~(5).
Target E,(MeV) o (mb) P R $0.486) T (0.00038)
138Cs 220 244+5.5 0.193+0.038 0.98+0.11 0.453+0.027 0.00017+0.00022
(45.8) (0.238) (1.33)
700 965+ 9.4 0.135+0.017 0.95+0.15 0.564+0.018 0.0011 +0.0002
(99.3) (0.099) (1.35)
900 113.3+6.9 0.122+0.011 0.91£0.10 0.553+0.015 0.00097+0.00012
(110.9) (0.099) (1.35)
g 600 96 +£12 0.155+0.019 1.11+0.09 0.603+0.015 0.0014 +0.0001
875)  (0.110) (1.38) ‘
1,000 100.7+ 4.5 0.116+0.011 0.94+0.07 0.579+0.012 0.0012 +0.0011
(109.9)  (0.103) (1.38) '
ey 250 270453 0.283+0.041 1.44+0.51 0.53 000098
(32.9) (0.307) (1.59
300 439+ 45 0.276+0.035 1.85+0.33 0.53 0.00098
(38.2) (0.265) (1.60)
400 53.8+59 0.197+£0.037 1.73+0.36 0.517+0.023 .0.00082=+0.00027
(46.6) (0.210) (1.60)
500 63.5+49 0.172+0.022 1.59+0.25 0.520+0.015 0.00084+0.00018
(63.2) (0.175) (1.61)
600 64.5+54 0.163+0.015 1.44+0.14 0.519+0.010 0.00084+0.00012
(585) (0.151) (1.62)
700 646+4.9 0.161+0.014 1.55+0.24 0.520+0.009 0.00085+0.00011
(63.1) (0.141) (1.62)
800 722+£5.6 0.179+£0.017 1.87+0.26 0.533+0.010 0.0010 +0.0001
(6700 (0.14D) (1.62)
900 76.7+ 4.6 0.170+0.011 1.93+0.16 0.531+0.008 0.00098+0.00009
(704) (0.141) (1.62)
1,000 73.6+4.9 0.158+0.013 1.68+0.14 0.517+0.008 0.00082+0.00010
(73.5) (0.141) (1.62)
sy 250 349460 0535+0.074 256=0.19 0.408+0.027 —0.0012 +0.0006
(175)  (0.504) (2.05) '
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Isotope Yields in (7, =~ xn) Reactions
in Complex Nuclei

I. Fujiwara, S. Shibata, M. Imamura®, M. Soto '™,
Y. Kubotaﬁ, M. Yoshidaﬁ, T. Fukasawaﬂ, T. Hashimoto ﬁ,
Y. Hamajima Tand K. Sakamoto‘rr
Institute of Atomic Energy, Kyoto University, Uji, Kyoto 611
TInstituz‘e for Nuclear Study, University of Tokyo, Tanashi, Tokyo 188
ﬂDepartment of Chemistry, Faculty of Science, Kanazawa

University, Kanazawa, 920 Japan

Reported are radiochemical yield measurements of 188 B e from™®*Cs (7, #*) reaction,
of barium isotopes from **Cs (7, =~ xn)"®7* Ba for x= 0, 2, 4, 5 and 7, of xenon
isotopes from *'1 (7, =~ *n)?"*Xe for x= 0, 2, 4, 5 and 6, of zirconium isotopes
from ®Y (7, =~ #n)®™® Zr for x= 0, 1, 2 and 3, of ®Zn from ®*Cu (7, =~ n) and
% Cu(r, =~ 3n) reactions and of chromium isotopes from*V (r, z~ xn)**Cr for x= 0,
2 and 3 for bremsstrahlung end-point energies of 100~1000 MeV, performed with two
electron linacs of maximum energies of 300 MeV and 600 MeV and with a 1.3 GeV
electron synchrotron. A-n emphasis in the present measurements was placed on runs around
the pion threshold and on runs for different target thickness to assess the contribution of
the interfering secondary particle—induced reactions. The yield curves as a function of
the end-point energy and product mass are presented and discussed in terms of their charac-
teristic features. A comparison with the reported data on photopion yields from the %V

(r, =~ xn) reactions and the (7, 7%) reactions on other complex nuclei are also given.

§1. Introduction

At energies above the photopion threshold, the 4 (1236) isobar expected to be
produced by the interaction of an incoming photon with a single nucleon, N, inside
the target ﬁucleus. The isobar decays immediately (1072* sec) into a stable nucleon

and a pion, and both particles would usually develop a cascade—evaporation process in
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the same nucleus. During the process, one of the two particles or both may have chance
to escape from the nucleus. If the pion is emitted forward at small angle, the nucleon
would be left with an energy insufficient for developing the cascade-evaporation process.
Especially when the isobar production occurs at surface region of the target nucleus,
the chance for escape would be high and result in the simple reactions such as (7, n),
(r, p) and (7, 7)., These simple reactions have received occasional attentions to gain
valuable informations on photo-nuclear interaction and nuclear structure?).  The
primary interaction of 7+ N— 4—N +z includes (1) 7+n—>n+a°, (2) r+n—>p+7,
3 r+p—p+a’, ) 7’+'p—>n+7t+, and (5) 7+ (np)—>n-+p processes. Process (1) leads to
(r, n), process (2) to (7, p), (r, n) and (7, 7~), process (3) to (7, p), process
) to (r, n), (r, p)and (7, =*), and process (5) to (7, n),l (r, p) and (7, np).
Additional emission of nucleons, especially neutrons, will also occur if sufficient
energy is left after the primary process.

Absence of high-energy monochromatic photon sources with sufficiently high intensity
makes a bremsstrahlung bearﬁ of a continuous spectrum characterized approximately by
1 / k the unique one in photonuclear reaction studies; £ being energies of constituent
photons ranging from zero up to the endpoint energy E,. With bremsstrahlung, the sifnple
reactions are always accompanied with dominated reactions involving single and multiple
nucleon emissions, i. e. spallation, due to giant resonance and quasi-deuteron mechanisms
by low energy photons up to 2 = 100 MeV and also due to cascade-evaporation process
initiated by the 4 decay. Among the simple reactions, (7, #*) and (r, #~xn) reactions
of x = 0 are easily distinguished from the other processes by use of radiochemical
methods, and some measurements on (7, ni) on complex nuclei have been reported in the
literature*~®,  However, the study of the latter type of reactions has never been
reported, except for ®V(r, z~ 2n)*®Cr and (7, z~ 3n) ®Cr®>&". A cursed problem
in radiochemical methods is the presence of non-mesic interferences; secondary protons
and neutrons lead the same products of (7, #~ xn) and (7, #*) reactions through (p, xn)
and ( n, p) reactions, respectively. The emphasis in the present work was placed on
" runs below and above thresholds for pion production with the 300 MeV Electron Linac

of the LNS (Laboratory of Nuclear Science, Tohoku University) and on runs on
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different target thickness at the 1.3 GeV Electron Synchrotron of the INS
(Institute ‘for Nuclear Study, University of Tokyo) to assess the contribution of
the interfering reactions. A part of the experiments was performed with bremsétrahlung
of E,=300MeV from the 600 MeV Electron Linac of the ETL ( Electro

Technical Laboratory).

§2. Expérimental

Copper plates (99.999%) of 18 and 450 mg/cm? were cut into disks of lcm in diameter
and into plates of 2.5cmX 2.5cm, respectively. Vanadium and yttrium oxides, KI
and. CsCl,- all of which are of reagent grade, were pressed into disks of lem or 2.5
cm in diameter (about 500 mg/cm? for the former and 1 —4g/cm? for the latter).
The lem disks and plates wrapped each with Al foil of 2mg/ cm? were stacked in a
quartz tube together with beam monitor foils of Al of 6.9 or 16.5mg/cm and nickel of
13mg /cm?® at both sides of each target disks or plates, and irradiated for 5 to 10 min
in a water-cooled target holder with ﬁncollimated bremsstrahlung of E, =100, 130, 160,
220 and 250 MeV from the LNS Linac® . Irradiations with the bremsstrahlung
of E,=300 MeV at the ETL were same as those at the LNS, except that the
irradiation was performed in air. The 2.5 cm targets wrapped each with a Mylar envelopes
were also stacked with Al beam monitors of 270 mg/ c? and irradiated for 30 min to
8 hr in air with electron-free bremsstrahlung of E,= 300 to 1000 MeV in 100
MeV steps from the INS Electron Synchrotron. Bremsstrahlung was obtained
with use of a platinum converter of 0.5mm in thickness at the LNS and at the ETL
and a ribbon of 0.05mm in thickness at the INS. The beam intensity, which was 10® to
10° equivalent quanta/sec, was monitored with a Wilson-type tﬁick-chamber quantameter
at the INS, but the photon intensity used in the calculation was obtained from the
monitor reaction 'Al (7, 2pn)?*Na; the cross section used was taken from ref.9).
Average beam intensity from the LNS and ETL Linacs was 10'%2 — 10'® equivalent
quanta / sec.

After irradiation, radioactive Zn with carrier was separated from a 2N HCl

solution of the Cu target (first dissolved in conc. HNO; ) by an anion exchange
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followed by the sulfide precipitation, Cr in the V, O, target was precipitated as
BaCrO, after an oxidation-reduction cycle with chromate carrier, Zr was extracted
from a 6 — 7N HCI solution of the Y, O, target into TTA-xylene and precipitated
as the hydroxide, Ba was precipitated from an aqueous solu;;ion of the CsCl target as
the carbonate, then the nitrate and again the carbonate, and Xe was adsorbed on cooled
charcoal at liquid nitrogen temperature from a melted CsCl diék or a KI‘ disk.
Gamma-ray measurements of the precipitates on millipore filters of 25 mm in
diameter and the Xe adsorbed on charcoal in a sealed glass ampoule were performed
with high purity Ge detectors of 1.6 to 1.7 keV resolution at 1332 keV  coupled
with 4 K pulse height analysers. The characteristic photopeaks were evaluated with

an automatic peak-search pro-

gram by Komura!®. The peak Table 1. Nuclear Data.
assignment was based on energy Nuclide half-life 7-ray energy Branching ratio
and half-life, and the detec- CkeV) %
tor efficiencies were deter- Ba-133m 38.9h 216 17.5
3 . . Ba-131m 14.6m 109 55.2
152
mined with a calibrated !52Eu Ba-131g 11.8d 496 a7
source of the same size as the Ba-129m 2.13h 182 41.0
Ba-128  2.43d 273 14.5
samples. The relevant nuclear Ba-126 1.67h 234 20.4
data was taken from the Table Xe-133m 2.19d 233 9.95
Xe-133g 5.29d 81 35.9
of Isotopes!? as shown in Xe-127  36.4d 203 68.3
‘ , Xe-125  16.9h 188 54.9
Table I . The chemical yields Xe-123  2.08h 149 48.6
were determined by weighing the Xe-122  20.1h 564 17.7
Xe-121 40.1m 253 17.6
precipitates (in forms of ZnO 7r-89 78.5h 909 99.0
Zr-88 83.4d 393 97.3
BaCrO, and BaCOs;) or by atom- 787 L6h 1228 3.0
ic absorption (Zr) and/ or by Zr-86 16.5h 243 95.9
7n-62 9.26h 597 25.7
comparison of photopeak counts Cr-51 27.74d "3920 9.83
of relevant gamma-rays with Cr-49 42.1m 153 30.9
Cr-48 23.0h 308 99

those from a nontreated target
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from the same irradiation (Ba and Xe).

§3. Results and Discussion
3.1 Radionuclide Yields vs. Bremsstrahlung End-point Energies E,

The measured yields in #b per equivalent quanta are for 51,448 0r from®'V, 627Zn
from 63465 Cu, 89, 88, 87, 86 ZI’ from 89 Y, 127,125,123,122,121Xe from 1271, and 133m, g Xe and
133m, 131 m,:131 g, 129m,:129g, 128, 126 Ba from" 133 CS for bremsstrahlung end—point; energies Of
E,=100 to 1000 MeV. The variations of the yields with Eo are exemplified with.
some typical results in Figs. vl to 5. The insets in Figs. 3 and 5 are the expanded

ones in the threshold region for pion production, mostly measured at the LNS.

The associated errors are one standard deviation due to counting statistics.

T T T T Fig. 1  Yield curves, in unit of #b
V-51—>Cr $ + per equivalent quanta, for the
- , chromium isotopes (circles:®Cr,

é/ . triangles: #Cr, squares: #Cr)
o” AT from®V as a function of brems-
strahlung end-point energy (&)
51/ up to 400 MeV. Open symbols

o) * / ] are of this work, closed are

' quoted from refs. 6 and 7. The

4 lines are smoothly connected for
eye guide. The error bars due
to counting statistics (one stand-
ard deviation) are attached to
% symbols except for those uncer-

/ tain within the size of the sym-
484 bols. Arrows on the FE; axis

indicate @ values in MeV
43 Q-value for productions of radionuclides
51 J"e noted with their mass numbers

I ! | | 51 - .
0 " 7 3 2 from®V (7,7 xn) reactions.

Maximum bremsstrahlung energy (X 100 MeV)

Mb/eq.q.)

Ylgld (
o
T
~
AN
|

iy 49,4
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L - g oG4 _

I R Caarias
% g fee T
5| ¢ 3
3 2
T 10+ — k)
g | ( ] £ ol E

1+ _ Qvalue
1k 125 ]
I | 123 ,
Qvalue Fm
l 1 L L S NS VS WY T S S
0 5 10 0 ] 500 1000
( x 100MeV ) Maximum bremsstrahlung energy (MeV)
Maximum bremsstrahlung : Fig. 4 Yield curves for the xenon
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. . isotopes (circles : ***Xe
Fig. 2 Yield curve for % 7Zn p ’

diamonds : '**Xe, squares :
Xe) from"'I as a
function of Ey up to 1000
MeV. The data for '*"Xe

from ®*%Cy as a function
of Ey up to 1000 MeV.
See Fig. 1 for other

explanations. and "'2Xe are not shown to
avoid complication. See
Fig. 1 for other details.
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L WO%%. N 1 128 / Qvalue
o1 1 2 3 4 [s] o }32*;
A 0.1—,¢5l1J o Bef
0 5 10 | o7 3 4
Maximum bremsstrahlung energy (x100MeV) T
. A 0 10
Fig. 3 Yield curves for the ] Maximum bremsstrahlung energy $X1OOMeV)
zirconium isotopes (circles : Fig. 5
87r, triangles: ®7Zr, Yield curves for barium isotopes (circles :
squares : ¥ 7r, diamonds : 13! Ba, triangles: '%®Ba, squares: '*Ba)
87r) from ¥Y as a function from '®Cs as function of Es up to 1000
of Ey : up to 1000 MeV. MeV. The yields for '*Ba and '* Ba
The inset is the expanded are not shown to avoid complication. The
one in the threshold region  inset is an expanded one in the pion threshold
for pion production. and the Q values are shown for ' Ba, '*Ba
See text and Fig. 1 for and '%Ba from ®* Cs (7, #— xn) reactions.

other explanations. See text and Fig. 1 in other details.
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The data points without error bars are uncertain within the size of the symbols.
. Arrows on the E, axis indicate @ values in MeV for productions of radidnuclides
noted with mass numbers ffom (7, == xn) reactions. The presently obtained yields of
the Cr isotopes are only for E, =100 to 250 MeV and the results for the higher
E, up to 1000 MeV are preliminary [Figs. 11 and 12 in §3.(4)]. The closed points
in Fig. 1 are parts of the reported ones for *Cr by di Napoli et al.? and for
“Cr by Nydahl and Forkman®, Bilow et al.” and di Napoli et al®  Our
Cr yields including the preliminary ones are in good agreement with theirs for
Eo=250 MeV, but not for E,=220 MeV. The reported *Cr yields are discrepant
more than an order of magnitude from our data for E,=250 MeV and preliminary
ones for Eo,=300 MeV [see also §3.(3)].

Appreciable yields were observed for some isotopes at E, lower by several to a
few tens MeV than the Q’s, though the order of increase of the reaction thresholds,
at which a steep rise of the yield begins, is consistent with those of the @'s.
The difference between the observed threshold and @ value for the respective reactions
may be interpreted as due to uncertainty in the beam energy E, (430% at the straight
course of the LNS Linac) and/or to ground state Fermi motions in the target
nucleus. It is noted that the yields for ®2Zn,* ®Zr and!¥7%Ba at E, =100 to 250
MeV measured at the LNS are smoothly connected with those at more precise E, =300
to 1000 MeV (£0.3%) measured at the INS synchrotron. The yields for Xe isotopes
from 127 are available only at E, =250 MeV in the LNS experiment and are low
compared with their yields at E, =300 MeV measured at the INS. A slight change
in E, results in a large yield difference in this energy region, as shown in Fig. 4.
The measurements of ®Zn and '*7'% Ba at E, =300 MeV measured at the ETL are
in agreerﬂent with those at the LNS and the INS. The yields at very begining parts
of E, lower than the steep ;‘ise may be ascribed to secondary proton-induced (P, xn)
reactions. The variation of the yields with E, in the studied range after the steep
rise was found not to be appreciable within experimental uncertainty for all the
radionuclides observed and suggests that photons‘ responsible for production of these

nuclides are mostly of energies lower than 400 MeV but higher than about 140 MeV
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(pion threshold), in accordance with the reported excitation functions for (r, = )
reactions and/ or (7, #™) reactions on complex nuclei 3=9),
3.2 Effect of Target Thickness

Additional measurements of some radionuclides were performed on a number of the
target disks of CsCl and the foils of Al and Ni stacked together and irradiated at
E, =500, 700 and 800 MeV to assess the secondary particle-induced reactions. The
results of the depth profiles were essentially same for the three E,. The 800 MeV
results are shown in Fig.6, where radioactivities produced per unit weight of the target
are normalized to those of the front target. The numbers in parentheses are the @ values
in MeV for production of the isotopes of Ni, Co, V and Mn from 8 Ni, 2*Na from

. 126 !
27Al, and Ba from '3Cs. The two entries for 3Ba and Ba are shown ; one on the

left is for 13Cs (p, #n) and the other on the right is for 3Cs (7, =" xn) reactions.

(Qvalue ,MeV)
800MeV O/O Ni-57 (12)

g
(@]
T

\} Ni-56 (23)
A Co-58(20)

Radioactivity ratio
o
i
——-OK O
/ k
/ | /

)
\

=

v ) \0\\ Mn-54(35)
\ \
0.5~ ~0—_""0 Ba-131(18,158)
T—H—0 V-48(93)

| . | ’ Ba-126(63, 203)

0 5 10 15 20
Thickness (g-CsCl /cm2)

Fig. 6 Depth profiles of the yields in a thick target. A stack of the CsCl
disks with Al and Ni foils inbetween were irradiated with bremsstrahlung
of E=800 MeV, and radioactivities per unit weight are normalized to
those of the front targets. The numbers in parentheses are the @ values in
MeV for productions of 5" %Ni, 8 Co, *Mn and *V from % Ni,
24 Na from ¥ Al, and '* Ba and '**Ba from'*Cs. The two entries for
131 Bg and '%Ba are the Q values of '¥Cs (p, #n) reactions (left) and
of '¥Cs (7, z~ xn) reactions (right). See the text for details.
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The yields of the Ba isotopes, together with *V, **Mn and 24Na, do not increase
but rather decrease with increase of target depth, contrary to the expected trend for
secondary particle effects. The degree of the decreases with depths is qualitatively
in order of increasing multiplicity or @ value, if the Ba production is assumed
to be via the (7, 7~ xn) reaction. It is noted here that the depth profile of *#V
from Ni (7, 5nbp) reaction is an intermediate of those of 181B5 and !*Ba,
though the @ value of 93 MeV is less than those of the latter two, 158 MeV and
203 MeV. The decrease of the yields with depth may be explained as caused by a change
of the bremsstrahlung spectrum in the target stack, resulting at depths in suppression
by absorption of photons of energies above the pion threshold and in enhancement
of, in addition to absorption of, photons responsible for the reactions of smaller
Q. This difference in the depth profiles suggests that the Al monitor reaction,
the © value of which is 26 MeV, employed for the Ba yield determination is
inadequate for a thick target located deeper than about 5gCsCl/ cm2 in a.target
stack (The yields presented in Figs. 1 to 5 are those obtained from a front target.).

The yield of 5Ni expected to be produced from the reactions of (7, n) on
58Ni (67.76% ; @=12.2 MeV) and (7, 3n) on Ni (26.42% ; Q =32.6 MeV)
increases rapidly with increase of the target depth. The increase of °Ni from the
8Ni (7, 2n) and ®Ni (7, 4n) reactions (Q =22.5 MeV and 42.9 MeV) and of
$8Co from the ®Ni (7, pn) reaction (@ =20 MeV) is in a less marked manner
than the increase of the °'Ni yield. Those depth profiles seem to be ascribable
to the expected contribution of secondary reactions to the °'Ni, °*° Ni and *Co
productions via *®*Ni(n,2n), *Ni(n,3n) and 8Ni{n, p) reactions, the @
_values of which are 12.5, 22.5 and 20 MeV, respectively. If this is the case, the
(n, p) reaction in !®*Cs would be possible with these neutrons, since the threshold
energy ( Coulomb barrier height) for this reaction is 8.8 MeV. However, the
observation that the production of '®¥Xe via the '*Cs (n,p) reaction was less
important is supported by the fact that the yield ratios of 1mye and'*™Ba is not
inconsistent with the reported o (z*) /o (z7) ratios'? [see Fig. 10]. It is,

therefore, more reasonable to conclude that the increase of *'Ni as a function of depth
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was due to an increase in the number of low energy photons in a disturbed spectrum
rather than to secondary neutrons.

A further experiment for the depth effect was performed at E,=500 MeV on a
target stack consisting of three Y; O; disks of 500 mg /.cm? each. The Y, O, disk
was transparent enough for energetic secondary protons originated in the first disk to
incident on the second and/or the third one. The energy degradations of 30 MeV-and
100 MeV-protons, for examples, in a Y, O, of 500 mg/ cm? are only 6.1 MeV and
2.6 MeV, and the secondary proton effect would be expected on the second and /or third
disk. The result is shown in Fig. 7. The yields of the three isotopes of Zr were found

not to increase within the experimental

uncertainty with increase of the target

depth. This result is consistent with o 89
O 88
those shown in Fig. 6 where no appreci- N

able yield change was observed in the
targets of less than about 5 g/ cm? from

the .front.

Radioactivity ratio
N
o
I

It is, however, not totally excluded //lg—c%
[

the possibility that the secondary-proton

induced reactions are effective in pro-
) AL Y203 || Y203 || Y203

duction of ; the radionuclides observed,

though not evidenced in the measurements 1 2
. Thickness (g-Y203/cm?)
of the yields around the threshold for s

Fig. 7 Depth profiles of zirconium

pion production, except for some at E, isotopes. A stack of three YzO

below the steep rise noted is § 3. (1), disks of 500 mg/cm® each with
an Al monitor as shown in the
and of the depth effects in the target. inset was irradiated at FE,=>500

MeV. Radioactivities of * Zr
(circles), ®Zr (squares) and
8Zr (triangles) in # 2 and # 3
are normalized to those of the

Based on photo-proton spectra reported

mostly for light elements'®!# and cross

section data on '¥*Cs (p, xn) reactions'*.® front target (# 1), and shown for
secondary protons not to contribute
the yields from appreciably to the productions of

these isotopes.
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the secondary-proton reactions on '¥Cs were calculated and found to happen to reproduce
approximately in shape and magnitude the observed yields presented in Figs. 5 and 10
below. The calculation is, however, ambiguous because of several assumptions involved.
A direct measurement on the effect is needed before a firm conclusion.
3.3 Mass Yield Curves

The observed yields are plotted against the number (x) of neutrons emitted for
several E, in Figs. 8, 9 and 10. For E,=400 to 1000 MeV, the averages are taken

and shown by circles, to which one standard deviation of the mean is attached.

Fig. 8 Mass yield curves for Cr
and Zr isotopes.

(a) The Cr yields are plotted @)

for E, =100 MeV (square), -

200 MeV (reversed triangle) O 400~

220 MeV (triangles), 400~ e OQOOMeV

v—cr (D) Y—2Zr

250 MeV (stars), 300 MeV 100r 000 Mev | ECA _
(hexagons) and 400 to 1000 T [ i ~a 0
MeV (averaged ones : closed o |4 — \300M9V
circles) against the number of > ¢ o A
neutrons emitted [# in (7,7~m 3 10 % 250MeV 1 \ 220MeV
reactions; the product masses] D 00Mev Yi D\

Open symbols are the present = 200MeV

220MeV]
work and closed ones are from A 0

refs. 3. 6. D., 1+ J0OMeV
() The Zr yields for 100, i

220, 300 and 400 to 1000MeV %

Toe symbols are same for the 6 L 2 3 : (I) 1' é ';3] ;(

same Eo as in (a). 51 49 48 89 88 87 86 A

In Fig. 8 for the Cr yields, the reported results by di Napoli et al.? and the
others are compared by closed symbols with the present results 'by open symbols, as are
in Fig. 2. The mass yield patterns based on the reported results are quite different
from ours. It would be surprising that the (7, #~ 2n) reaction is less probable than
the (7, =" 3n) reaction. For barium yields (Fig. 10), those of the high-spin
meta-stable isomers (open symboles connected with dotted curves noted as m) and of
those plus the low-spin ground state isomers (closed symbols connected with solid

curves noted as m+g) are shown separately. Also plotted are the averages of the



1337m+eXe yields measured at E, =500,
700 and 900 MeV. The associated uncer-
tainties to the averages are very large
for toe 400 and 500 MeV irradiations due
to low beam intensities of (3.6 to 5.4) x10"
equivalent quanta per sec and to low photo-
peak counts used in the chemical yield
evaluation. For this reason, the 400 MeV
yields associated with the largest uncer-
tainty are not included in the averages
shown in Fig. 10. It is noted that

the yield ratios of (!*¥*™Ba /®™Xe) or

(1338Ba / 1338Xe) from the extrapolated

133¢Ba are not inconsistent with the o
(z=) /o (=n*) =1.3 from a :compi-
lation by de Almeida et at!? This fact
is in favor for the conclusion that the
contributions from the secondary particle

reactions are not appreciable.

Yield( ub/eq.q.)
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T T T T T T T T

[—Xe

§ = 400-1000Mey
T~
/ 8\ o
\

300 Meﬁ\

77 125 23 2 8 A
0 2 4 5 6 X
Fig. 9 Mass yield curves for Xe
isotopes. The symbols are
same for the same FEy as in
Fig. 8. Note that the 250 MeV
yields are too low compared
to the 300 MeV and 400~
1000MeV yields [see also

Figs. 4 and 10].

The mass yield patterns for high E, and the heavy targets studied ( '®Cs,

1271 and ¥ Y) are bell-shaped, with their maximum yields around x=1 to 3. The

curves of the barium isomers for the same E, are similar in shape, and are parallel

over the entire range of x. The bell-shapes for the heavy targets for the high E,

studied are very broad and indicate that the excitation energies left in the target

nuclei are high enough to evaporate neutrons up to 6 to 7 in number with their

emission probabilities comparable to those of the smaller x. The maximum points

shift toward the lower multiplicity (x) with decrease of E,, as notably indicated

by the barium curves in Fig. 10, and with decrease of target mass A (compare the

widths and shapes of the Zr and Xe curves with those of the Ba curves, for E,=

220 MeV). Note in Fig. 9 that the Xe yields for E,=250 MeV are somewhat
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too small in comparison with the Zr and

Ba yields for E, =220 MeV shown in T ST
Figs. 8 and 10. for the light targets /.,_ﬂO;IOOOMeV
. . . ’.? -7 _—T= ~ (m‘ )
irradiated at low E, (the Cr yields for = JipoF Ba. "= g—\o\(\."l) -
O , e o
~ O // Oo
E,=100~250 MeV and Zr yields for 4§ [ /——A\\\@&\/@\
. 5 Xey &7 \A 300MeV " g
E,=100 MeV), the mass yield patterns g o N A \
> 10_ ¢ -
are similar each other, but different from {9
the bell-shapes mentioned above. Their o~ °H
A
yields decrease simply with increase of 1 \ 7
the number of neutrons emitted (x), as if |
the bell-peaks locate at x<C 0. The shapes 0 7 x
133 126 A

of the Ba pattern for E,=100 and 220
Fig. 10 Mass yield ¢ for '®X
MeV and of the Xe pattern for 250 MeV g and Bayisotop‘:;‘.re;‘h: I;;ymbo?s
are same for the same E, asin

areof theintermediate of the two extremes. .
Fig. 8. The open symbols are

A theoretical treatment of these features for the high-spin metastable

' isomers and closed ones for
of mass yield patterns would be useful those plus low-spin ground state
in clarifvine th . hani . isomers. The diamonds are the
in clarifying thereaction mechanism quanti- 138mYe (open) and '®™EXe

tatively. (closed) yields.

3.4 Target Dependence of Reaction Yields

For the photopion reactions, measurements on charged pions were reported to
result the cross sections to be dependent on A,¥*and a surface—production model was
proposed in the early fifties'»!®  Later, Walters'® and McClelland?®® have shown
that theirvresults on Ai-dependence is about A,3’* and let to a volume—production
model. Theoretical interpretations and statistical treatments of available data
for photonuclear reactions at intermediate energies have been publis‘hed during the
seventies!® 2,22 and seemed to support the volume-—production model with pion
absorption in the interrior of a nucleus. The transparencies of complex nuclei to

pions and nucleons originated in the nucleus??) were taken into consideration in
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the latter model. Theoretical treatments are dependent on nuclear models and parameters
included, and a valence nucleon concept based on shell model® is promissing. But,

whether the probability of the 4-formation is equal or not over the entire nucleons
in the nucleus is not known in

details.

The present data may be interesting

to be examined in terms of the target
dependence in these points of view. In

Fig. 11, the average yields for E,=

_, Yield(ubl/eq.q.)

400~1000 MeV, which are representative
of those caused by photons of energies less
than 400 MeV [see § 3. (1)1, are plotted
against the target mass A The symbols are
same for the same neutron numbers emit-

ted (x). A closed triangle in parenthesis

is for the "Ba (x= 3) obtained by an

interpolation [see Fig. 10]. The broken ] x=3
N N B | L

lines are drawn for eyeguide through x= 0 10 50 100 At

(diamonds), x=1 (closed circles), = 2

Fig. 11 Target mass dependence of the

(open circles) and x=3 (closed triangles) yields. averaged over those for

and the solid lines are the examples of the E¢=400 to 1000 meV are shown
as a function of target mass
reference lines for the exponent @ in Af. - (A;). The four broken lines

are drawn through the woits for
%= (0i(diamonds), 1 (closed cir-
cles), 2 (open circles) and 3
(closed triangles ; A parenthe-

The broken line for x= 0 is forced to refer -

to the line for ¢=0.67, and the present

data are shown to be not inconsistent with sized one is from %nterpolation
in Fig.10), % being the same
the reported values of @=0.67~1.0 for as in Fig. 8. The remaining

points are for x=4 (open tri-

angles), 5 (closed squares),

6 (open square) and 7 (closed-
eggs). The solid lines are

for reference of the exponent

ain A .
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the (7, 7 ) reactions®2), = But this result for @ is inconclusive for the surface- or
_volume-production models. For x= 1, 2 and 3, the values of a are indicated to be larger

than 2, and seem to increase with increase of x.
If the yields obtained are assumed as entirely due to the (v, 7~ xn) reactions, they

might be related to the number of neutrons in the

target, N,, because of the primary process 2) r +n ' '

-4 —>p— z= described in the introduction. The gr

same date as in Fig. 11 are plotted by the same %300' i
symbols against N; in Fig. 12, where the solid g

curves are drawn through x=1, 2 and 3. The dotted 200 é / .

lines are those extrapolated to N; = 0. The 100k // <>/ ]
N¢-dependence can be approximated linearly for the / ® A

intermediate targets studied and not for light and O_J/ 1

0 50 100 N,
heavy targets. The range of the linearity depends
. : ) ) _ Fig. 12 Target neutron depen-
on %, and the slopes of the atraight lines for dif- dence of the yields.
The same data as in
Fig. 11 are shown as
afunction of the number
of the target neutrons

ferent x, except for x=0, appear to be same, but

not to be equal to unity.

The implication inferred from the A;-and Ni- (N, ). The solid lines
. L. are drawn through the
dependences may be interesting ‘m the study of the points for z=1, 2 and

3 and the dotted lines

reaction mechanism. At present, more data accumu-
are extrapolated to Ny

lations for the large x with high precision are =0. [see Fig. 11 for
symbols and text for
needed before going into a further analysis. further details]
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NEE#E T L B EF RS b T —RE
EYE L L TCoBYB LU EBICE
FA3MEZ TR DORKER

BRI
NKRZES - AT

In order to examine further effective applications of the new - developed internal
standard method for activatibn analysis, simultaneous determinations of 15 tracev
elements in sediment and soil samples as index — materials of environmental
polluﬁon have been tried by means of photon activation. In these determinations,
some major constituent elements in each sample were properly used as effective
internal standards. As a result, it was confirmed that accurate and precise

determinations of the above 15 elements were achieved easily and favorably.

§1. #
EZEOSELRE L AEEFEOR B s by, Hika v LSEBIC B 5 AL REH R
DB BB NTIERE S MAD THhHBECA Lu & ORICEREREIRE L LRI S ELRIT
FM L, Z0ZEERAMBEE I FOBREPRB IR ABER LTE Lk, £ LTHITHET
ERRTRUTOBAR, LVERELEMEREND, FLLBTHRENE LT HHEITFAR
STESFBEE TRBRFERENTE L, A, TALORRFEREL L THHI W
EFRHE L RO SELFFHESER SR, BECOWTUL I CP RS KA, Bt
T RN E BN TS LCER ShAR W ok

—%, AESBEEFLTIIFOMEME S5\ IHEHEENR (RIS NS 1D, RO~
MY v 7 ARG RERSBEI DS E WO RMELY &S, ChEBOTED I LRFS R,
7 THEENYTIRST CHEEYERY > THMEOBEMDF = v 7R B ZsbhT
B0, Fh—H BTk < KB Ui & EREEE Y E & & Ho &5 78 n i ER
L, ThuE{BATA LR - TF— 2 DOREEY LN —BEDL LS T LIBRE L
tbhT&7,
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FERESED h THREMESIEZRBO WAL DT, RS bBER ST\
5 COMBRTERCETIARNABREZARC LT LD, B Tl LaiunF
a5, SbIRE, ZhcKR~DBR LcNEERY 2883 T, tistraE <
R LA TH-Th, TOT Y 97 AGRIBADEBEC ALV EWORE L, Bk
F, HENTFHDWEHETFREH OO LB & - TEHTRERRE RN E BB 51 E
RENDE V) —KEELRETEDLILRID,

F 2 THIEH?Y CRWTIE, £ ELAFREETER I W SROREEEYED > L, HILE
VAEPBENIES CRM-N 2 pond sediment?, TAEASSL-1 lake sediment?,
NBS#H.S RM- 1646 estuarine sediment?, #F>4ZNRCCH® marine sediment
MESS - 13 23k B, FERNBEERRT L2 NETHRMLITE YRS, 10BEBETE D
ERERRERSES TSR CE D LR EEL TS,

SENIEIRRE, SLRFOBHBEOIK % (Xh 5%, NBSHESRM - 1645 river
seliment BLO'I AE A #soil -5 #& K& LT, i EAFIEMBETCEOERYRAAL
FIT, ZITHBLNERBREODWTEOMBE#ME T 5,

§2. £ B

2.1 HMBLURE

SHERE L TIINBSESRM-1645 river sediment %5 LU TAEABL soil -5 B3I, =
NOEEHT 105 CTH AREMRZIR L, 797 — & — P TAIRELL, ERBERIAELL 1.4
BTholoo —F, BEHERMET L5 HEBEEER AV 5455 B TREER, KR
HREER YT DT EFIA L ERLhABAFTERp S LLREOW UL, BARERE
WEFEB LT h% e ZOMOREZ TN TRMBELE o

2.2 RBEEMORES

FEHBRARO g ¥ ERCHEL, T7nvBE—D—RB L L, 5O LOEYE
BHE s IOCHM L-E& AN TREEREARK, AMBR 2m] BLOT T xF 1y
V4 bk 2ml ZIEXRGENL, TR CFARAE L. COBERL-TT FIZF LY
T4 MNIMAKGBRINTT Va—- L axBEELTVE LT Bbhicy Y AT VZBETFLY D%
AWTKS, 22/ - NEIOMREYRARERETHI L L-> TR L, SORARMICE
LT 400 COBEKI T 285 RInE LB R Lo

BEFEBHIE S W RM 300mg % & - TERIOmmD RV » FIMERB Lcob, &l
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BT AETaL, FRBBIRThER 47 SORE L,
~ﬁ,iﬂﬁaﬂKOMT%L%&@%KNVvbKME&@Lt@&,TWS:WA%T
BHBHBREE Lo

2.3 BEHLUKSEENRE

B NCBHANL y NIAEECHAL, KAERXBHANLE —HND 2mmEHE 2V A~
— & —D#HF10~15cm REE LY, I T L ¥ — 30MeV, FHEN 150 A DETFHRIC L
2 HIBhERSH T 3 KER4 OIS L1,
m%%M%@GdLi)ﬁm$§4k%§&Eﬁﬁ%K%ﬁL,v{&n-nﬁybfaﬂ
iy XL LABAEEBE) YAV TE ol FRHIRMIDOMLDTE L TH- 1T
TAI=TLABERHFS LWECR Db s, WERORRRERDNI0BUT RIS L O5ER
L THIE 2 It

§3. RRELER

3.1 HREMER

BT HAHES HC SRR & < 547 T ¥ 5 As, Ba, Ce, Co, Cr, Cs, Nb, Ni, Pb, Rb,
Sb,Sr, Y, Zn$ L0 Zr BABINETR L LCRE R C hBTHEN bAERT 5 R %

# 1% Available photonuclear reactions for 15 elements
to be determined.

Element Reaction Half -1life Principal r-ray (keV)
As 5As (7, n) ™As 17.78 d 596
Ba 1%Ba (7, n) ™ Ba 28.7 h 268
Ce WcCe (7, n) '*Ce 137.2 d 166
Co ¥Co (7, n) *®Co 70.8 d 811
Cr 2Cr (r,n) *Cr 27.70 d 320-
Cs ¥8Cs (r, n) Cs 6.47 d . 668
Nb “Nb (7, n) “™Nb 10.15 d 935
Ni ®Ni (7, n) °'Ni 360 h 1378
Pb 24py (7, n) ®Pb 52.0 h 279
Rb %Rb (7, n) *Rb 3229 d 882
Sb 128p (7, n) '#Shb 2.68 d 564
Sr %3Sr (7, n) ¥™Sr 2.80 h 388
Y ®Y (r,n) ®8Y 106.6 d 898, 1836
Zn - %Zn (r,p) ¥Cu 61.9 h 185
Zr zZr (r,n) %7Zr 78.4 h 909
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BooL, AEREBWTHH I hIEEE T h OO HIIE 1 KRR LT

3.2 WEFEEXTHE

AEBRIZEWTL, RBFOFERSTED >BNa, Ca, Ti,Mn KLU Fe D5 LHE%
WNEETHEL L THRTLER Lico ChOTERENOAERTIHAUREDS L, NIRRT
FUR & MR L 2 OB 2 RICR Lo

# 2% Usable photonuclear reactions for
internal standard elements.

Element Reaction half—life Principal r—ray (keV )
Na %Na (7, n)*Na 2. 602 y 1275 .
Mg ®Mg (r, p)*Na 15.02 h 1369
Ca “Ca (7, p)®K 22.3 h 373, 618
Ca ®Ca (7,n)*Ca 4. 536 d 1297 -
Ti “Ti (r, p)*Sc 83.80 d 889, 1121
Ti ®Ti (r,p)*¥Sc 3.42 d 159
Ti ®Ti (7, p)*Sc 43.7 h 984, 1038, 1312
Mn SMn (7, n)%Mn 312 d 835
Fe Fe (r, p)*Mn 2. 579 h

847

COENLHL N L OFIA LREOEEII BRI DEFECh > TV 5, Thik
S ERTEED b DA, B oEANEEL LTRORFIATEZ LR L
o Thbb, SroSbit #Na, “Sc 5L O *Mn», Ba, Cs, Nb, Ni, Pb, Sb,
Zn BLOZ1r OB IiE??Na,?*Na, ¥K, “Sc, ®Sc 85XV *Mn B, 7 As, Ce, Co,
Cr, Rb BLOY OHHICiZ?? Na, *°Sc B LU **Mn BNEE L LTHW b i,

3.3 BEHEHOHYIRIRI M

BHBEDOA V=g ART bL, & LTriver sediment @ 4 BEICHIE S hicth
1R L,

CORTEBRREOWE LTS, StOFHOLHO T Srik, S 3REECED h
T H VAR M EBIC L TEEI N, B IRIE2 7YY FORETEL hich v
“HART M THoT, ZCTiEBa, Cs, Nb,Ni, Pb,Sb, Zn LU Z r Bz hid
B L CEE SN, SHRINLERBORMELY £ - THE 37V v FORELK 17 AR
Efigh, £ZTikAs, Ce,Co,Cr,RbBIVYBREE I hio

3.4 75v45-7Rb

AP BT 5 HEHERE L > ) A X AR =7 3 hX Ly MBS hicht, 2Thboft
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% 1X Gamma-ray spectrum of river sediment, obtained
4 days after the end of irradiation.

S OB CE R BITRED W F RO RABRET 5 L, FOTROE BELL = By
LIS DL RAEEL ShEe Thik, RUEREDT TV I - 72 FHETROT B
T HBECL 5T < Do

FEC, BEAERWTHD O ) Ny ACE B BRTRC LB WS DOBRIAE Ul 1
Dk, HBESIESNC X5 HEHE TRRA Lo 7 ORE, SILSHBER3E L T2 ORATER
—glh st I EBED b,

3.5 BERWS

HEMEAFHIC 55\ CHERE LAt g7 b e R RIS A AT 5 & (VE R BRTED b
R, BBETRO R - LRI L B AR LA Lic - TLE 584, QB HOT
EOERED HOH <8, MEEDEREOE R LT DA BECHEEND, KPR
TORBBEPHILED > L Cr DERRE LTIIEiFEIC L5, ¥/1As, Co,Cs, Nb, Zn kK&
O Pb 5 BICHE LCREEI & BIFEBER S hicrt it b T e & W BERBRTER
ENENOBERIGIIE 3EICE £ TR Lz,

Cr#% Cr CRBTHHAE, ®Fe(r, an) KHICLD * Cr AR LERAHET 2,
FR, BHhUbFe DAEREYERLTHE, © OBEKIEI & 55545353 bl e
Bt %2 CFe DRELS Fe(r, p )5S Fe KIS A I LI-EH ORSHLAHETE s,
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Inter ferences in the presented photon activation analysis.

Element to be determined

Interfe

rence

Element Product Half-life 7-ray(keV) Element Product Half-life r-ray(keV)

Cr Cr 27.70d 320
As ™As 17.784d 597
Co %8Co 70.8 d 811
Cs ¥2Cs 6.47d 668
Nb 92mNh 10.15d 935
Zn 7 Cu 61.9 h 185
Pb 203 p 52.0 h 279

Fe sicr 27.70 d 320
Ca 8K 223 h 594
Ca “Ca 4.536d 808
I 1] 130 d 666
Fe 22Mn  5.59 d 936
Ga “Ga 783 h 185
He 203Hg  46.8 d 279

FRGER G OB LR D TR &R T - 22 FIA L THIETS Z Lk L,
As % "As @ 59T keV 4 v TR TERT HH AL, Canbd KL LS 594 keV H ¥ ViR
B, ¥1-Co% %8Co ® 811keV # v YR TERTHHAIL, CanbD "Calt L5 808 keV

HY<BHNEE LET S, L L,
I RHDOREF "As & °8Co & K&
TCapBE L THBRET S ET
BEBR S htco

Cs #1%2Cs D 668keV H v <|T
EFETHEAR, 12501 K&
% 666keV 4 v <#h, Nb%x ?"Nb
D 935keVH v YR TERT A5 EIE
Fe mHD®Mn 2 X5 936keV A=

B, FhZny "Cud185keV v

BTEBTHEAL, GanrbDGCa
i L% 185keV H Y < HEHE LIHE
T5, ThoixThr ho¥RPHIE
L, —HOWELY E - THIET S
LD ETRTDOYERRT S C
EIMTER V. UL, FheIERZ
WO EKBIIER DY v < rmL
FIELETHHE L TW50T, 500

Concentration Element ( Product nuclide )
(ug/9 )

400 — Fe ( 6w )

Ti ( %sc)
200 —
Ti ( 48sc )
100 — ca ( Bk
60 —
Ca ( “7(:0 )
49 —
n (87

26 1 Na ¢ 2na ), tg ( Za)

10—
n (8570, po (20 )

T

4 — Mo %)
o (Blery sy
2 __s(sms)Nl( Ni )
B r r
\co ( 380 )
1 ———— 50 ( 22
0.6 —1 zr (871 )
0.4 —] Ro ( &b )
as ( T4as ), ¥ (88 ), ce ( 9o
0.2 — s ( 1325
01— N (2

# 2% Detection limits of 15 elements
to be determined, 6 elements used
as internal standards and others.
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DFEEDE N 2KDH Y T ROMELFPHE L TR LT, LOHELMIET S
EWEREE I B FOTHI S - TI 25D 389% LU 666keV 77V <hith, 2Mnh 6D 744
B L0 1434keV H v =ik, $7:9Ga pH0D 185 k5 L0 300 keV # v <RI & kSt T
HELTRE, CNOEB L AGELRIET S L L,

—7, Pb % Pblc L5 279keV # VR TERT 25 AT, HghbD?*PHg ik L5 279
keV # V@M ESE LIHFET S, LL, ZIHEBOXFPLEL LR TWEHRD,
M Hg % 14 AHICHETS & & THIET 52 & ATE

3.6 ERFER

River sediment BLU soil-5 R KF3 I5 TEDTEEHEEIIFAEXRIVES R Th
Fhmrlize

—%, AERC KT HIEELRB LUONERETREOBTHERME 150 2A, 3EHBHOE
ADOBHRA (N=3.04/ B, B BRFAKDIH 2RO LR Ehd,

ZRABFOBEMEN D, FLIBRHERELR Wit EOBBATRAEDE, SN EAEL
SkTL#EE LTiEBa BLUPh BhFbhb, Bald'®™Ba nbd 268keV A v <% HlE
TEETERINLD, ScBIUTI HHERT B Sc DH v <#gH 271 keV TEDH
BIAN P mBa D h L DR Tod, MIERY BT AL S NEMETTH L2 RER<Eh

# 43 Concentrations of trace elements in NBS SRM 1645
river sediment (ug/g).

Element No 1 NO‘ZThls V;ggk No. 4 Average Certified
As 64.9 65. 7 68. 7 65. 9 66.3 + 1.7 66*
Ba 420 330 330 470 390 + 70
Ce 21. 2 20. 9 21. 6 22.2 21.5 £ 0.6
Co 8. 64 9.18 9.13 8. 91 897 +0.25 10.1%0.6
Cs 2. 81 2. 92 2. 86 2.81 2.85 + 0. 05
Nb 9.8 8.7 8.8 7.9 88 +0.8
Ni 41.7 44. 9 45. 7 43.0 45.3 £ 1.9 45829
Pb 697 703 701 701 701 + 3 714 + 28
Rb 45. 4 45. 3 44.8 45. 8 45.3 + 0. 4
Sb 32. 6 35. 6 34. 6 34. 8 34.4 + 1.3 51%
Sr 875 967 907 928 919 + 39
Y 6. 51 6. 39 6. 64 6. 91 6.61 + 0. 22
Zn 1640 1736 1718 1721 1704 =+ 43 1720 + 170
Zr 36. 2 39.5 38. 0 37.8 37.9 £ 1. 4

* ! Noncertified value.



327

% 5% Concentrations of trace elements in IAEA soil~5 (rg/g).

Thi k
element 1S wor Average Certified
Run—1 Run—2

As 94 126 100 121 111 98 100 126 110£13 93.9%7.3
Sa 540 660 520 600 490 480 410 530 520£76 562 53
Ce 517 69.4 57.1 655 6.2 56.3 559 744 61.4%7.7 59.7£3.0
Co 149 197 152 17.8 141 125 11.4 16.4 153:2.7 14.8%0.8
Cr 257 453 30.4 384 361 243 39,7 354 344+7.2 28 9%2.8
Cs - - - - - - - - -

Nb 121 136 11.5 144 133 122 140 146 13 212 o*
Ni 7.9 83 75 96 105 91 84 102 89l 1 13*
Pb 128 214 152 189 154 115 124 177 157435 129+ 26
Rb 121 142 125 148 145 129 136 162 13914 138+ 7.4
Sb 131 156 138 16.9 147 13.6 135 17.0 14816 14 3+2. 2
Sr - - = = = - - = -

Y 20.6 26.3 22.1 25.2 231 19.7 20.0 27.0 23.0+2.9 21*
Zn 407 347 353 464 385 464 366 463  406%51 368+ 8. 2
Zr 196 238 215 218 230 222 256 232 226t18 221*

*: Noncertified value.

oo %72, PbZ*®PbAHD 279keV 4 v W ARMET 5 & L TERS hicht, BBHC Ba i
EEINTVD &, ER*™BanbD 276 keV # v VHIL Lo TS NHAMETT5 & & ¥R
CEhfElin{ o LM 5T, river sediment @ Ba, % 7-soil-5DBa &Pb@%%
BRI 2BEREDE L, ThodMm R EREVZ LS,

—7%, river sedimentREDO S T, MBI 248 sediment >2 LFEEE, Mic b
BEORWERENZ DN, LL, SEIAD TRAA I soil-5 REDOFIE WL, &
TEOERMBE L GHFHMENE, SHE—BORFILILEL I N5 2 EHRE S hic

& £ X Ak
1) M. Yagi and K.Masumoto : J. Radioanal. Nucl. Chem. 83 (1984 ) 319.
2) K. Masumoto and M. Yagi : J. Radioanal. Nucl. Chem. (in press ).
3) BEAFEE, JURIES | BERMIPIZERE 18 (1985 ) 108.
4) M. Yagi, K. Masumoto and M. Muto : J. Radioanal. Nucl. Chem. 98 ( 1986)
31.
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EFRIME—-LEPSIKL %
H: 4y B0k O i & 43 A

bR DT, B
i SRy 3

§1. #
ERROBEMESFTL, TOEBBIOCHORGE LT, ZhETREBEDHREL A
bh, BT Tic X 2B E Ge (Li ) # £ & TLHRMBRE B 258 BB
BERD P OBMBERFICEL T TOFEEEREZE L OB LB LI HEDO—2DI - T,
foé 2iE, B - EWHRSL S ORBSHTICEVCh, ZoHEI <& 30RO ITLHE D
FREREREE LTERAIRTEYY, BEDE & A5WTE L LHEL & IEHES T O mTaEME
RWT, FFBRHERICP Id OfBESTEZEVTWEEED S,

b7, BEHERRIHE Si(Li) PEiEGe T (HpGe) ALy, X#ROEL x/vF—7
A RERS L35 LEPS ( Low Energy Photon Spectroscopy DDA & in D, BuirhtET
BEHME & DGR TETESTICRELEFT-HETY, HLVEHER TP HETK
BHESHT~OBAOFI ) L AL NhD, KRFRAMLSHTEIC L 5 AR D5 HTic 2 T
i, Ge(LIDIRED rfEARY bt b ) =ik o THx OEYEEERER RS 2 | 2o $ER)
I EDGHRERNMBCHE I TR0, SN TEA2LHR, BE, BEEREO—RIFFEITH
LhieEhThb, LirL, ZONBETHIMELE LEPS M A&E THEWREE 58 Lic i3
hETil, RBBEOSTHTH- 1o B T, BBEAFERHF S L TEDRPCE
R BICHFAET 5 Co, Ni, Cu, ZninE DRTLHELEAT, £ h% h30MeViHl BiESH Tt
fLLHpGe ic &5 LEP A7 b kR, EB/E—JHEL O ETROREERDRESL
BH LU E7:, AURHAR & IE St L2 BINOFES, EMEREERL VW cRES 5
Vi ROBEE OV THETOBHNET- 1o

BEH 2 i bR L L D, AETIREARBIERD r 2 BRI L B0 bR b & R
TS (r, n ) RISOBYEELAFIRT 2, COFETFARREEOECEED g BEICHT 5
HEIRETHES L LIENT 5 0L RFHESDIME T TOBITLELD O XRFEETD IROH,
C N LTI BEE s XRROFRAEZ A RENICE C OFRDOLTCR DERNATRES /250 &
YRR OEE, BILENT M) v 7 ALK HDT OBRIXEHHAETH 5, /2, HpGe

]
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WL ALEPS DI R LF —EERIEIANF - rRICERT L0 77 7V VO BEBII I
<, S/NEOBWIIELEEVBOLNEBLEMNTH 5,

AP TIE, b b OB OMERE DAY R O30 MeV HIBNIRS I LA BAHEE HpGe
XAHLEPSTCd, Pb, Culsl OEBIHFHRELBI-OTHRET 5,

§2. £ B

AR oFELE X OHBERSC L ABENT, hE TREFRIMEOHT TIT - TE el dic
IR R MERM L CERZIOmm DXLy b& LTHEAL, FILKFLINACTIEL
130 MeV BT E— 4% BEE 2mmOA$ T v/ — & — CHEMES r RICER L, SRACHE
L 7o K&SRRHE SV & — 0T 2~ 3RS L 7o MIRMER VR OB AL E TR 10° R
min™ TH 50

A EHINBS ® SRMs, Orchard Leaves, Bovine Liver, Spinach, Tomato
Leaves ¥ OV IAEA® SRM H-8 Horse Kidney Otz 5 v b, < &2 OFFIEHERE ~
Lo b b OBRRART SRR Bk & O BIG AR 550 L 0 B SED5ERT - )11
R KA B LU TREZ S T DTH D, ThBIFTNT200mmg DXLy ML, HER
FHIER BRICH ORI O—E R £ /ve — AR EB— B ML, £D200mg (FILHE
I DWT 100~200 2g g7 ) A IOmme DXL v bE LTHWE, ZhbDRL v b
% RIS 2 54, BREEOERISHEY T X -+ LTHEML Cr, n) RIETER
T 5'%A0 0 356 keV 7 R £ — 7 OEBEFHERTHITE L, BAE, BFHH0®0, "C
DBEET IRV y bOF T THETE %,

HpGe [ Canberra # OEZERE 100mm? X 10 mm O D* E#: Series 30 I &5 ¥ 831
DIWTHW oo T R VF—5REE R Fe 5.9 keVMnK X THEIE 170 eV ( 2.9% ),
STCoM122keVy $2T132 483 eV ( 0.4% ) TH b, W D=, CanberrathGe (Li) BN
2] T7229—7600— 172180 & @k 8100 BIFESHERIC LB r AR S DBE DS G TUT -
120

§ 3. BREIUEBE

Wtk eh OBETEHR OFFEE LW L A ENENE L L, AEORENTIERIC
EETELTLRIARNC L 5 TR D, KEBRICHELLRABTL CoEmIZEECR DN, L
EP AR b ic—icH I A e —27 3 Cu, BroEfic L5240 THO, fllcRb, Ba,
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% 1% Nuclear data for the products used for quantitations.

Nuclear Product Decay Principal Competing Spectral

reaction half-life mode LEP, keV reaction overlap, keV

8Cu(r, 2n)%Cu 3.41h EC, g* Ni-Kgy, 748 *Zn(r, p2n)®Cu CoKg', 7:69
r-ray, 67.2
6Cu(r, n)®Cu  1270h  EC, #°, 8 Ni-Kg, 748 ®Zn(r,pn)*Cu Co-Kg/', 7.69
"Br(r, 2n)"Br 57.0 h EC, 8° Se-Kgi,11.2  ™K(r, p)"Br Ag-Kg' 11.7
8Br(r,n)®Br 442h IT Br-Ku;,11.9  *Kr(r, pn)*™™Br  Se-Kpg/, 12.5
r-ray, 31.2
8IBr(r, n)®Br  17.6min EC, #*, 8~ Se—Kg, 112  ®Kr(r, p¥Br  As-Kg/, 11.7
P7e(r, ¥ Zr 78.4 h EC, #* Y-Kgi, 150  *Mo(r, an)®Zr  Rb-Kp, 15.0
198CA(r, n)'97Cd 65 h EC, 8" Ag-Ky ,22.2 None Rh-K g/, 22.7
WCd(r, v/ 'M™Cd
M2C4(r, n)™Cd
UeCq(y, )U™Cd 4.8 d ATITCP™N) In-Kgy, 4.2 'Sn(r, @'°7Cd  Ag-Kps/, 24.9
UeCd(r, mUSCd 53.4 h AT IT(™In)  In-Kgy, 242 °Sn(r,'°Cd  Ag-Kpg/, %49
204ph(y, n)™Pb  52.1h EC T1-Kq1, 729 None Pb-Kg2,72.8
T1 Ky, 70.8 None HgKu/, 70.8

} 48.6min IT Cd-Kgy, 232 "SIn(r, pm'i™Cd  Pd-Kg/,23.8

Sr s L OB LI W, b FOBEMSTIZZr, Cd, Pb L nESBEBEELERC
FIRTE. ALEBCERCAVEBEOTELET — 2 %5 1 KB e, MHEER LY
BEHRRCIZY C( Ty, =20.38 min ) OBUHEEL S ADEV DD 2 RRIBEOEHE HT 5o L
e oT, 2Cu(9.73min ), "Br (6.46 min ), *™Zr( 4.18min ) 7s& D FHaikfE IR
FL T, AEBRTIE, “Cud 7.48keV Ni—Ky X#R, @m g 37.2keVy i, ¥Zr @
15.0 keV Y— Koy X8, 2°Pb 0 72.9 keV T1—Kgq XEAFIATE, Cd OEEKF 'CAD
22.2 keV Ag—Kgy, M™Cd @ 23.2 keV Cd—Kg H 5\ 31°Cd D24.2keV In—Kq, X 7

BFIACE T, E L VBABEAENERLORERCHVS = 7L ERD G HTRE-ROD 5
C— 7 3EB 1 EDERYThHD, BARIGICOWTIE BT R L PETLROMEINFEES,

Cr, n) RS2 Cr, pn), (r, @), C(r, an R E DAL EET S &
THERITEE X o fo & 24E, MCd(r, n)Cd &°Sn (7, D)W CARETHLVED
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#923% Contents of Cu and Br in several biological materials
determined by photon activation analysis with LEPS.*

Material Cu, ug g™t Br, xg g™
Bovine Liver 202 (189 £ 21) 11.2( 87 £7.2)
Horse Kidney 19.7 (32.3 +£2.7) 98.3 ( 108 £+ 20 )
Rat Liver 22.6 27.1
Mouse Liver 21.6 ) 16.1
Orchard Leaves 13.0 C11.7 £ 1.4) 8.6(9.3+12)
Spinach 1.4 C11.5 = 1.4) 53.5 ( 46.8 + 1.5 )
Tomato Leaves - 225 (22.7 £ 2.3)

* Values in parentheses are the reference values.

15Cd %k 1% Sn/Cd M 4.5 X 10° TH O, £12, ®Zr(r,n)*Zre*Mo (7, 7o)¥Zr
R CHBEDO®Zr %4 UHMo/Zr 12 2.3 % 10° KETH-TH HELERT HLBELL
Ve FT1o, Ko XRICHT 5 K XBROMMEES L0, ©—7 OHERH R T A PED EH
Tx BEETH Do 5 2% Cu & Br O ¥ifE% /R L1, Horse Kidney s CuldIAEA
O reference value L9 &R EWHABr HIZRVW—%ZxRL, NBS Ko Cu BLUBro
%5 #13 Gladney OFREMEY & R<—HL T %o

S¥R, CAO%&irt/ra — ALy b Z30MeV HIBHER ST 2 BERIFRST L Ic 8D LEPAN
I MDD ERBELBRE L, £3RORLIE B0 OBREY B, BRI TRIZFTEOEHE

# 33 Detectability of the cadmium nuclides by LEPS.

Decay Counting X—ray detected, Detection
time, h ) time, s keV limit, ug
4 2000 107Cd Ag—Kg, 22.2 0.67

" Cd Cd—Ka, 23.2 4.6
U5Cd In—Kg, 24.2 2.1
8 10000 07Cd Ag—Kq, 22.2 0.37
15Cd In—Kgq, 242 . 0.51

50 10000 uscd In—Kg, 24.2 0.22
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B BRI B\ T, B = MBSy 775y FREDH BT HistE2E D 3 2( 30,
EHE>9% ) YT - BEL S b THFRBEER LI, Eh\ - BERHTCd%
FRMMCd,, BUWARRETIRICA(M M In) O =7 B V5 ZE BT E 5o 2 DREDRK
EETiX Orchard Leaves 75 & OEPEREI DA~ b U3 Cd BRI S higyvs LML,
BYORBRCII—RCREL LB I T 53 05%L, RETHFEBICHITTE 5,

 #4% Cadmium contents of the IAEA Horse Kidney. *

Method Nuclide detected Cd, ng g™
IPAA (HpGe) 07Cd 22.2 keV Ag—K, X—ray 183 £ 5
I1PAA (HpGe ) mmedq23.2 keV Cd—Kgy X—ray 196 + 13
IPAA (HpGe) u5Ccd 24.2 keV In—K, X—ray 190 £ 8
IPAA(Ge(Li)) 15Cd 530 keV r—ray 175 = 8
INAA (Ge(Li)) H5Cd(M™ In) 336 keV r—ray 185

* TAEA reference value : ( 189 + 23 ) ug g™

# 53 Abundances of several elements in human kidney.

Abundance, x#g g™ (dry basis)

Age Sex
Br Zr Cd Pb
149 d Male 40.2 0.3 ND 0.8
8m Male 40.3 ND 3.6 2.0
13y Female 27. 4 ND 81 1.4
20 y Female 42.4 1.8 112 2.1
41y Female 157 1.3 175 2.1
45 y Female 35.7 3.1 163 2.9
71y Female 34.6 ND 286 2.6
Compilation values 330Ca)  0.015—2.7(f) 1300—5100Ca) 36—140(a)
for adults? * 6.7(£) 12.0—33.1(f) 3.62—18(d)
0.27—1.27(f)

* a . ash basis, d : dry basis, f: fresh basis.
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72Br, Zr, Cd ¥ LUPb OSWEX B 1o 1o, LEP AT L DfilR S 1 KK L 1
Pb& Zr i, BhtFRAMEAENBH LEGTETH S, — I, b b OFFECER+ O
Cd BRI BH S hicwh, E4LEBERINLLVWbh TR AH, KERICL £ O
MEECEbIh T %o EMEhD Zr OFEET — 2122 hiE TIHEF DD, KBk
Tt 1~3 ug g THoto Schroeder b %2 (35 « DEWREIFD Zr & WK EE &
LTWBH, FOF—&ithd 2l b OBBHEBOBERY ) 0.76~18.7 ng g ' L RHIC
Bl Zr OEMFHBENCOWTE, ZhE THRICERIT VA, BROEARE e 5 IFEE
F— AL CRERYEIT 2LEN S 5, BWRB CRITEOERCL S Zr OB E TR
0.13 pg Thoteo HBDIIT, Iyengar 52 pUE L 1A BB b D 370 RIFEE
BB LR LT KSERS LV ZBERY ) 0L ZEEOKRITTE oL 1, &K E
WEBT D LA SLE L TR RSIRERA B L Bbh Do Pb LB HI T A 0.3 ug T
b5, BREMTI~18ug g (d), FFBMAMRTS ~124g g7 (d) 7 EOIBE™ Hh b
RTEEZBHAGE S D Pb OSBRI FATE L 56 ,

PEDXHic, AETEWRICEE NS Cd PP DL L BEMNFHCER nESEY
SUMBTEOSIIC, Ge(Li)iIKLD rARZ bax b)) —ORRERMILD kL LT,
HENET — ZOEEEY WERET2OCEATELL0THE, T, AEXEMKFHO
Hg, Zn, Ni, As, [ R EDOEBCGFIATE DT, 48K, BHoezik L\ o

AR HIo 0, BB EE - R TR SRR - SRS B, PrARE
B, AR~y v 7L — 7 0%, kb REIAFEHER - HARBTTCE #@LHL
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Photon— activation Analysis
of GSJ Standard Rocks

Takeyoshi Yoshida and Ken-ichiro Aoki
Institute o f Mineralogy, Petrology and Economic Geology, Faculty
of Science, Tohoku University, Aobayama, Sendai 980, Japan

§1. Introuduction

In view of the increasing interest in trace element material balances in the
geological sciences, much effort has gone into the measurement of concentrations of
many elements in geological materials. The Geological Survey of Japan has issued
a series of geochemical rock samples as reference materials. JG-1 was prepared in
1967 and JB-1 in 1968. Recently, seven more GSJ rock samples, JA-1, JB-2,
JB-3, JGb-1, JR-1, JR-2 and JP-1 were produced and a tentative report of
major and some trace element concentrations was reported? . A description of
these GS] rock reference samples is given in Table I . They span a very wide
range of composition among igneous rocks, thereby posing a challenge for simultaneous
instrumental analysis.

Activation analysis is now frequently used as a powerful tool for the simultaneous

Table I. A list of nine GSJ rock reference samples.

JR-1 Rhyolite. Wada-Toge obsidian, northern part of Wada-Toge,
Chiisagata-Gun, Nagano Prefecture, Japan.

JR-2 Rhyolite. Wada-Toge obsidian, southern part of Wada-Toge,
Suwa, Nagano Prefecture, Japan.

JG-1 Granodiorite. Sori, Azuma, Seta-Gun, Gumma Prefecture, Japan.

Ja-1 Andesi te. Hakone Volcano (somma), Manazuru, Ashigarashimo-Gun,
Kanagawa Prefecture, Japan.

JB-1 Alkali basalt. Myokanji-Toge, Sasebo, Nagasaki Prefecture, Japan.

JB-2 Tholeiitic basalt. 0-shima Volcano, northern rim of the central pit of
the Mihara crater, O-shima, Japan.

JB-3 High alumina basalt. Fuji Volcano (Aokigahara lava flow), Narusawa,

. Minamitsuru-Gun, Yamanashi Prefecture, Japan.
JGb-1 Gabbro. Utsushigatake, Mt. Utsushigatake, Abukuma,

Fukushima Prefecture, Japan.
JP-1 Peridotite. Horoman, Samani-Gun, Hokkaido, Japan.
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determination of a number of trace elements non-destructively. Photon activation
shares with thermal neutron activation the advantages of homogeneous activation, but
produces an entirely different range of nuclides by (7, n) and (7, p) photonuclear
processes. Products induced by these processes have, in some cases, more convenient
half-lives or gamma-ray energies than those produced by (n ,7 ) reactions. Of
the elements determinable by photon activation analysis, Nb, Y and Zr are
rarely determined by thermal-neutron activation analysis because of adverse nuclear

properties®>? |

Because of its multi-element capability and reasonable sensitivity
and reliability, photon-activation analysis has been used successfully to analyze a
broad range of geological materials, usually as a complement to other analytical
methods.

The purposes of the present paper are two-fold. One is to present photon-

activation analyses for nine GSJ standard rocks together with four USGS

standard rocks. The second is to discuss some geochemical implications of the data.

§2. Experimental

An instrumental photon activation analysis with a 7 -ray spectrometer automated
by a micro-robot *® has been used to determine thirteen trace elements : Ba, Ce,
Co, Cr, Cs, Nb, Ni, Rb, Se¢, Sr, Y, Zn, and Zr in standard rocks.
300 mg of rock materials were packed in small pieces of aluminium foil (27-28mg) ;
then they were compacted into disks 10 mm in diameter and 2-3 mm thick. The calibration
standards were multi-element standards, MSTD and ST-2"% . The analytical
samples and the calibration standards were stacked in a silica tube for simultaneous
irradiation.

A linear electron accelerator at Tohoku University was the bremsstrahlung
source. The irradiation was performed with a 150 mA beam of 30 MeV electrons over
a period of 3 hrs. The gamma rays were measured at the Cyclotron and Radioisotope
Center of Tohoku University using an automatic r -ray spectrometer system. It
consists of a sample changer operated by a micro-robot, a desk top computer with

input / output devices, a hyperpure germanium detector with auxiliary electronics,
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and a multichannel analyzer. The details of the counting and data treatments for

quantifications are the same as those described in other papers &7

§3. Results

Thirteen trace elements in nine GSJ and four USGS rock reference
samples were analyzed using the routine procedures. The results are presented in
Table 1 together with the “ recommended value ” reported for GSJ and USGS

L,249101L,12)  Maior elements also have been analyzed for the GSJ rock

standards
samples by conventional wet chemical methods, and flame photometry for sodium and
potassium. These results and the “ recommended value ” for the four USGS standards

from the references above are given in Table II.

Table I. Analytical results of thirteen trace elements in standard rocks, ppm.

JR-1  JR-2  JG-1 G-2 GSP-1 JA-1 AGV-1 JB-1 JB-2 JB-3 BCR-1 JGb-1 JP-1

n 4 3 11 3 3 5 3 11 5 3 3 3 4
Ba - - 508 1987 1370 369 1182 444 271 2175 908 205 -
Literature 40! - 462' 1900° 1300°  307' 1200* 490' 208 - 680° - -
Ce 45.4 31.7 46.5 167 443 10.6 65.5 60.5 4.7 18.8 44.3 7.0 -
Literature 55! - 43" 150% 394* 22.4° 63" 67' 6.6' - 53.9* - -
Co 0.9 0.2 3.2 4.2 7.1 10.8 15.6 37.9 39.0 3.2 37.3 61.3 107
Literature 0.6' 0.4' 4" 5.5 6.4° 12" 14.1* 38.4' 40! 37! 38 62' 116"
Cr 3.0 4.9 52.1 9.1 17.4 7.4 8.6 407 27.6 52.0 20.7 47.5 2830
Literature 2! - 53! 7% 12.5°% 6' 12.2% 405" 28! - 17.6* - -
Cs 20.5 25.7 10.4 1.51 1.25 0.45 1.02 1.11 0.53 0.56 0.73 0.21 -
Literature 21.6' 27.2' 100 1.4* 1.0% 0.67' 1.4° 1 0.9' 1.26' 0.95% 0.27' -
Nb 17.2  20.5 12.4 13.8 28.8 1.6 14.9 38.8 0.93 2.4 13.0 2.7 -
Literature 16.5% 20.6° 15" 13.7¢ 29t 1.9° 15% 39.7¢ 0.8° 1.8% 13.5* 2.8° -
Ni 0.9 1.2 6.4 4.6 6.3 2.5 15.3 144 10.4 35.9 7.2 23.7 2401
Literature 0.6* 0.8 6.0' 42 9+ 1.9 15° 139" 14.6' 38.5! 108 25.7' 2850'
Rb 2170 328 183 175 261 10.3 70.1 40.0 6.4 13.0 45.9 4.4 -
Literature 254 297' 181' 168® 254 11.8' 67 41.2' 6.2' 13" 46.6° 4! -
Sc 4.6 3.1 6.2 4.5 8.0 23.8 14.1 25.7 45.9 29.7 32.4 30.7 -
Literature - - 6.5' 3.1 7.1* 28.4' 13.4° 27" 50.4' - 33 - -
Sr 29.2 8.1 189 482 232 268 656 439 178 385 325 305 -
Literature 30! g'  184' 479® 233® 266" 657 435' 173" 395' 330' 321! -
Y 44.6 50.7 30.7 10.2 27.3 29.9 19.9 23.6 24.1 26.2 35.1 9.0 -
Literature 39.7° 47.4% 30.8' 10.2* 30.4® 26.7% 21.3* 21.9* 22.1° 25.4* 37.1" 9.2° -
In 36 28 45 18 94 93 90 92 112 108 109 100 -
Literature 28.8' 27.3' 41! 85°* 98* 88.3' 84°® g4' 106 103" 120® 103" 33.2'
Ir 96.5 91.3 118 336 581 80.0 219 132 45.6 88.8 169 26.7 8.2
Literature 101! - 111 300*  500° 90t 230° 153! 50! - 185° - -

! fAndo et al.®, ® Flanagan®, ® Abbey'", * Kato and Masumoto® and ° Kato'® .
n : number of analysis
- : not determined
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Table M. Major element compositions of standard rocks, wt. %.

1 2 3 4 5 6 7 8 9 10 11 12 13
JR-1  JR-2  JG-1 G-2 GSP-1  JA-1 AGV-1 JB-1 JB-2 JB-3 BCR-1 JGb-1 JP-1

Si0, 75.17 75.40 72.11 69.11 67.38 63.79 59.00 51.88 53.19 51.00 54.50 43.65 42.39
Ti0: g.11 0.67 0.25 0.50 0.66 0.89 1.04 1.34 1.27 1.50 2.20 1.70 «<0.01
Al504 12.85 '13.13 14.07 15.40 15.25 14.97 17.26 14.37 14.52 16.91 13.61 17.46 0.62
Fe,0s 0.23 0.18 0.37 1.08 1.77 2.58 4.51 2.26 3.13 3.38 3.68 4.92 1.97
Fe0 0.61 0.59 1.81 1.45 2.31 4.01 2.05 6.21 10.08 7.84 8.80 9.54 5.73
Mn0 0.10 0.11 0.08 0.034 0.042 0.16 0.097 0.17 0.21 0.18 0.18 0.18 0.12
Mg0 0.12 0.04 0.74 0.76 0.96 1.59 1.53 T7.70 4.72 5.30 3.46 7.95 44.72
Ca0 0.61 6.45 2.18 1.94 2.02 65.69 4.96 9.11 6.87 9.84 6.92 11.73 0.56
Na,0 4.02 4.02 3.43 4.07 2.80 3.88 4.26 2.75 2.06 2.76 3.27 1.23 0.021
K20 4.45 4.52 3.94 451 5.583 0.76 2.89 1.41 0.44 0.76 1.70 0.25 0.003
H: 0+ 1.26 0.98 0.73 0.55 0.57 1.15 0.81 1.18 0.42 0.17 0.77 1.16 2.68
Hy0- 0.14 0.39 0.06 0.11 0.12 0.27 0.16 0.89 0.02 0.09 0.80 0.20 0.40
P:0s 6.62 ¢6.01 0.08 0.14 6.28 0.15 0.49 0.23 0.09 0.22 0.36 0.04 0.00
Total 99.78 99.89 99.86 99.65 99.69 99.83 98.99 99.50 160.08 99.95 100.25 100.01 99.21
Analyst Aoki  Aoki  Aoki Lit. Lit. Aoki Lit. Aoki Aoki Lit. Lit. Aoki Lit,

Lit.: Literature data from Flanagan® .

§4. Precision and accuracy

Reproducibility is expressed in terms of relative single standard deviations
(Table IV) and is primarily a function of counting statistics which vary by element
and concentration. Accuracy is examined by comparing the present results with the
recommended values. As shown in Table I, when the results from the replicate
analyses for the standard rock samples were averaged and compared to the reported
Vdata, the results agree Within our analytical uncertainties in most cases.

In order to illustrate the precision and accuracy of data, diagrams showing the
difference between the “ recommended values ” and the present results, and relative
deviation vs ppm for each sample have been plotted in Fig. 1. Precision and accuracy
are exceptionai for Sr (1 to 5% for concentrations >50ppm). They are generally
better than 5% (10 ) for concentrations >lQppm for Nb, Ni, and Y, and
comparably good for Co, Cr, Rb, and Zr at concentrations >25 to 40ppm, depending
on the element. Ce and Sc analyses are slightly less good, at +3 — 15% for
concentrations > 5 and 10ppm, respectively. Somewhat large deviations (+10 to 30
%) were obtained for Ba, Cs and Zn, although Ba and Cs analyses were better than

+10% at concentrations > 1000 and 5ppm, respectively. It is important that
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Table IV. Relative deviations of the results of photon-activation analysis.

JR-1  JR-2  JG-1 G-2 GSP-1  JA-1 AGV-1 JB-1 JB-2 JB-3 BCR-1 JGb-1 JP-1

n 4 3 11 3 3 5 3 11 5 3 3 3 4

%

Ba - - 13 8.2 74 22 8.0 21 44 44 1.8 59 -

Ce 15.0 3.0 12.0 18.0 16.0 7.6 8.4 2.8 21.3 2.4 11.7 3.0 -

Co 48.9 92.0 20.6 26.2 9.3 5.1 10.3 3.3 5.4 6.6 4.0 1.2 2.2
Cr 45.3 21.6 25.1 32.6 19.7 28.1 39.3 2.1 5.4 8.4 33.6 18.7 1.5
Cs 4.1 8.2 11.9 22.5 15.2 26.7 12.7 26.1 32.1 3.6 49.3 42.9 -

Nb 5.3 7.8 8.9 4.3 2.9 315 6.7 4.0 18.3 28.8 7.2 7.4 -

Ni 22.6 17.5 23.4 21.7 9.8 40.0 6.5 4.5 43.3 9.5 T0.8 6.0 3.0
Rb 5.2 9.1 3.8 5.7 1.0 13.6 6.3 4.6 17.2 9.2 4.4 20.5 -

Sc 18.9 11.4 29.0 14.9 37.5 8.0 7.1 17.2 11.8 16.2 4.6 10.7 -

Sr 6.5 14.8 5.0 0.8 3.6 4.1 2.0 2.1 5.4 1.3 2.2 0.4 -

Y 3.1 8.3 5.9 3.5 4.8 6.0 8.0 4.9 6.2 12.2 5.1 4.8 -

Zn 25 1.5 31 12 18 24 16 24 6.3 20 51 22 -

ir 3.6 3.7 15.3 7.1 6.0 5.1 5.5 2.3 6.1 3.4 3.1 2.9 23.2

n: number of analysis.
-: not determined.

analyses of the geochemically important elements Cs, Nb, Rb, and Y are accurate
to within 0.5ppm at all concentrations below 10ppm. It is difficult to define the

detection limits since they depend on both experimental conditions and the nature of

the matrix.
ppm —T T T T ppm T T T T
Lit. 400 Lit.
B Lo
20001 Ba | Ce
o
1000 | ] 200F ]
L]
I 7 i PAA )
| I !
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0 1 1 1 1 0 | | | 1
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N, . 4 %
20 tv 1
sdo ‘ ] 50 0 ®ely &I AR | :
r.d. ] rd. 50 m
o .o ] ® o pem.
0 1 P | 1 Q 0 | 1 | |
1000 2000 ppm 0 200 400ppm
Fig. 1. Relative deviations vs ppm of thirteen trace elements and the

accuracy of photon-activation analysis.
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§5. Elemental abundance patterns of Island Arc volcanics

Although the analytical results are not a related series of rocks, we will
discuss briefly some geochemical implications of the data. In Japan, there are
four active island arcs, namely the Kurile, North-east Honshu, Izu-Mariana
and Ryukyu arcs. The first three arcs are jointed together in the eastern part of
Japan and are convex toward the Pacific Ocean. The across-arc change of magma
chemistry related to subduction is one of the most important problems of petrology.

JB-2 and JA-1 were collected from O-shima and Hakone volcanoes, respectively,
situated in the outer volcanic zone along the volcanic front of the Izu-Mariana
arc. JB-3, belonging to the high alumina basalt series, was collected from Fuji
volcano situated at the just north of the meeting point of three plates. Incompatible
elements in these Quaternary volcanic rocks (Table M) “%!3)  together with JB-
1, an alkali basalt of 8 M. A. collected NNW of Sasebo City, Kyushu, are
normalized to primitive mantle values and their patterns are shown in Fig. 2 (b) and
2 (c) with previously reported datag’., These diagrams show abundance patterns for
moderately to highly incompatible elements normalized to their concentrations in the

14,15,16,17,18)

primitive mantle The elements are arranged systematically in order of

increasing incompatibility with the most incompatible elements on the left. Primitive

%) plume (P) -type'”, and

mantle normalized patterns of typical normal (N) '*
transition (T) -type'*'®’ MORB together with alkali basalt from ocean islands'%!S’

are also presented in Fig. 2 (a) for reference.

The dotted area in Fig. 2 (b) shows the region of tholeiites normalized to
Si0, =52% in Hachimantai and Iwate volcanoes®®?! from NE Honshu. High
alumina basalt from Ichinomegata volcano normalized to SiOzl =52% also is shown
in the figure for reference®?’ . The shapes of the normalized pattern of both
JB-2 and NE Honshu tholeiites differ only subtly.

A feature of the Quaternary volcanic rocks from Northeast Japan is that they
are more enriched in K, Ba, Rb and Sr and more depleted in Nb and Ti than
the adjacent elements in the diagrams®!®%), Many authors consider that the enrichment

of K, Ba, Rb, and Sr is due to metasomatism of a mantle source region by aqueous
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fluids driven off subducted oceanic crust ?24%) Nakamura et al.'®’ showed that alkali
basalts from the vicinity of the trench are enriched in K, Sr, Ba and Rb, but
depleted in Ta, Nb and Ti as compared with the samples collected from the location
far from the trench on the Japan Sea side. They concluded that the alkali basalts
of island arc type were derived from a mantle source contaminated by metasomatic
solutions bearing K, Ba, Sr, and Rb and / or melts released from the underlying
subducted Pacific plate.

Island arc type magmas show low absolute abundance of the elements which have
high ionic potentials, including the Ti-group, relative to mid-ocean ridge basalts.
In this respect, island arc tholeiitic magmas are more primitive than mid-ocean ridge
basalts. Possible explanations for this are high degrees of melting, minor residual
oxide phases, and remelting of depleted mantle, and each of these models can be
explained in terms of the presence of water derived from subduction zone in the mantle
source region®’.

Masuda and Aoki?® have classified the island arc tholeiites from Japan into two
types, one with high La/ Yb ratios ( 1.2 —2.1) and another with low La / Yb
ratios (0.55-0.95). Then, Fujimaki and Kurasawa®’' showed that tholeiites with
upward convex REE patterns occur closer to the Japan trench, and the light REE
in tholeiites increase gradually with increasing of distance from the trench. The
tholeiites from the Izu-Mariana arc are generally poorer in REE compared to
the tholeiites from the NE Honshu arc. The higher contents of heavy REE and
K of JB-2 than those of tholeiites from the NE Honshu arc imply that it is
more fractionated relative to silica, although JB-2 is poor in Nb, Th, light
REE and Sr.

The patterns for high alumina basalt from Fuji and Ichinomegata volcanoes are

Fig. 2. Normalized abundance patterns for moderately to highly incompatible
elements in Mid-ocean ridge and Ocean island basalts (a), and in
basaltic rocks (b), and andesitic rocks (¢) from Japanese island
arc.

Flemental concentrations are normalized to the “ primitive "
mantle abundances!®1%41718) See text for futher explanation.
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subparallel with those of the tholeiites, although the absolute abundances are higher.
The Ichinomegata high alumina basalt?’ from the NE Honshu arc is enriched in
LIL elements and depleted in HFS and HREE relative to the Fuji high
alumina basalt from north of the Izu peninsula. The Ichinomegata high alumina
basalt is extremely enriched in light REE 2 Its REE pattern is similar to
that for the JB-1 alkali basalt, and as far as the REE pattern concerned, they
cannot be distinguished. The Ichinomegata high alumina basalt, however, can
distinguished from JB-1 by its distinct depletion in Nb.

The mantle normalized abundances of incompatible elements in JA-1 tholeiitic
andesite (or dacite) are shown in Fig. 2 (c) together with tholeiitic and calc-alkaline
andesites normalized to SiO, =64% from Hachimantai and Iwate volcanoes®* ) .
The shapes of elemental pattern of these tholeiitic andesites are subparallel with
those of tholeiitic basalts, although their absolute abundances are higher, and they
show less distinct Sr enrichment and distinct Ti depletion. This pattern implies
that all of these elements except Ti and Sr are incompatible during the derivation
of andesites from tholeiitic magmas by crystallization differentiation. Fractionation
of plagioclase and oxide minerals from tholeiitic magma may cause the depletion of
Sr and Ti in the andesitic to dacitic magma.

At a given SiO, content, the concentrations of compatible elements (Ni, Cr,
Co, and MgO) and also incompatible elements (Rb, Th, U, Cs, K, Hf, 7r,
Nb, La and Ce) in calc-alkaline andesites are higher than those in associated
tholeiitic andesites. Calc-alkaline andesites are depleted in heavy REE, Eu,
P,0O; , NaZO TiO,, Sr and Sc relative to tholeiitic andesites 820,21,28)  These
geochemical relation between island arc tholeiites and calo—alkalme rocks are also
shown in Fig. 2 (¢) for andesitic rocks of SiOz =64 % . The normalized patterns
of tholeiitic basalt and dacite cannot be related to those of calc-alkaline rocks

by simple mixing processes.

§6. Conclusion '

Nondestructive multi-element photon-activation analysis has been used to determine
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thirteen trace elements : Ba, Ce, Co, Cr, Cs, Nb, Ni, Rb, Sc¢ S,
Y, Zn, and Zr in nine GSJ standard rocks (JR-1, JR-2, JG-1, JA-1,
JB-1, JB-2, JB-3, JGb-1 and JP-1) together with four USGS standard
rocks (G-2, GSP-1, AGV-1 and BCR-1). Rock samples and multi-element
calibration standards were irradiated simultaneously with 30 MeV bremsstrahlung.
The (7, n) and (7, p) reaction products were measured with a 7 -ray spectrometer
automated by a micro-robot.

The abundance values obtained for the rock standards are in good agreement with the
reported data in most cases. Precision is better than £5% (1o ) for concentrations
>10ppm for Nbb, Ni, and Y, and for Sr at concentrations >50ppm. It is comparably
good for Co, Cr, Rb, and Zr at concentrations >25 to 40ppm, depending on the
element.

The abundances of elements analyzed here appear capable of yielding significant
data for use in discussions of the petrogenesis of igneous rocks. Especially, it is
very important to determine Nb, Y, and Zr together with Rb and Sr- accurately

for volcanic geochemistry in island arcs.
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# 13 Modal composition (vol. %) of the rocks from Akita-komagatake volcano.

A—1 A—2 A-5 A-7 A-9 A-11 A-12 A-1T A-21 A—23

Ol 9.7 7.5 1.3 2.2 tr 4.0 2.6 tr 0.2 tr
Cpx 0.7 3.1 0.2 - - tr - 1.6 2.1 3.4
Opx - 0.5 4.6 - 4.4 5.1 0.2 2.5 5.1 4.1
Mt - - - - - - - 0.4 0.6 0.7
Pl 198 205 25.0 16.4 26.8 20.4 24.6 25.4 21.9 19.8

Gm 69.8 684 68.9 814 68.6 705 72.6 69.9 70.2 72.0

A-24 A—21 A-28 A-30 A-31 A-34 A-3% A-36 A-37

Ol - 1.2 - 0.9 4.6 2.1 1.7 - -

Cpx 0.7 2.2 1.5 0.9 0.3 0.9 1.1 2.6 1.4
Opx 1.3 1.8 1.5 0.3 - - - 4.2 1.8
Mt 0.3 0.6 0.8 - - - - 1.1 0.9

Pl 19.5 105 7.6 303 9.6 6.5 4.8 13.7 17.3

Gm 78.1 83.7 885 676 85.5 90.4 924 78.4 78.6
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223 Major element compositions of the rocks from Akita-komagatake volcano.

A-1 A-2 A-3 A—-4 . A-5 A-6 A-T7 A—-8 A—-9 A-10 A-11 A-12 A-13 A-14 A-15

Si0, 4861 50.00 50.37 51.13 51.39 51.40 51.54 5170 5179 51.81 51.82 52.01 5202 5238 5276
TiO, 0.86 0.79  0.80 087  0.82 0.88  0.89 083 0.94 089 0.89 097 0.85 090  0.94
ALO, 20.19 1870 19.94 1890 1989 21.14 1845 1951 1985 1702 2083 2038 1972 1920 17.90
Fe 0,4 5.85 334 466 511 3.90 4.86  4.05 479 384 4.79 473 469 412 491 3.95
FeO 413 6.82 548 458 578 5.08 531 501 520 579 474 403 518 469 4.91
MnO 0.19 0.21 019 0.19  0.21 020 0.18 022 020 018 019 018 0.20 023  0.21
MgO 8.16 7.85  4.92 526  5.19 3.29 452 4.63  4.86 6.57 519  3.96 4.84 4.70  7.25
Ca0 9.67 9.561 1024 11.01 9.32 9.87 11.10 913 931 9.04 9.06  9.85 9.70  9.38  9.28
Na,O 1.91 2.05 235 2,12 243 2.65 237 229 236 2.36 245 2.60 245 257 2156
K,O 0.18 019 028 0.26  0.32 034 034 030  0.36 037 032 041 0.29 035 048
H,0" 0.60 0.54 0.38 0.24  0.44 0.11 066 0.84 045 0.34 0.10 090 024 0.08 063
H,O™ 0.05 0.15 015 011 014 020 0.05 039 039 015 0.20 022 0.08 010 0.03
P,0s 0.09 0.08 0.14 011 012 013 0.11 011 013 0.13 013 014 014 012 008
Total 100.49 100.23 99.90 9989 99.95 100.15 9957 9975 99.68 99.44 100.64 10034 99.83 99.61 100.49

A—-16 A—17 A—-18 A-19 A—20 A-21 A-22 A-23 A—24 A—25 A-26 A—-21 A-B A—29 A-30

Si0, 5296 5316 5349 5382 5419 54.63 5555 57.13 57.16 57.66 57.87 5877 60.77 50.17 50.41
TiO, 0.68 0.94 0.92 080 097 .02 1.09 0.83  0.89 079 088 076 089 091 0.97
Al O, 1993 19.47 19.86 17.80 1842 1872 16.78 17.34 1879 17.12 1841 16.01 1638 19.98 20.50
Fe 05 4.28 485 463 5.23 477 4.43 554 6.91. 3.54 546  7.40 5.22 322 508 569
FeO 4.98 550  4.84 455 572 5.65 558 245 521 471 .13 419 490 523 471
MnO 0.16 019 024 0.19 021 021 020 0.15  0.20 020 0.17 0.16 022 0.17 0.16
MgO 3.94 325 4.22 4.63  3.08 355 333 3.00 230 281 256 347 240 463 3.93
CaO 9.22 8.73 848 9.17 811 764 T7.16 733 T1.79 725 6.25 679 611 11.18 10.56
Na O 249 2.56  3.28 249 3.07 320 3.01 325 306 317 335 277 353 210 2.14
K0 0.50 0.36  0.53 0.43 049 0.53 051 084 0.53 080 075 1.0l 067 022 0.27
H,0" 0.46 032 0.14 0.39 042 0.41 061 021 054 004 059 0.81 007 028 0.59
H,O~ 0.23 0.77  0.07 0.14 015 0.08 0.14 0.21 0.17 007 021 024 014 008 0.16
P,0s 0.16 013 013 0.15  0.18 0.16  0.14 0.16 0.16 015 020 0.12 016 0.09 0.11
Total  99.99 100.23 100.83 99.79 99.78 10023 99.64 99.81 100.34 100.23 99.77 100.32 99.46 100.08 100.20

A-31 A-32 A-33 A-34 A-35 A-36 A-37 Y-1* Y-2* Y-3 Y—4* Y-5 Y-6 Y-7 Y-—8*

SiO, 50.63 50.64 50.68 52.31 52.37 56.33 5821 50.19 53.08 5330 5445 57.26 60.68 61.58 63.84
TiO: 0.92 0.87 092 .10 110 090 116 0.65  0.85 0.94 111 0.85 0.91 0.70  0.46
Al,0, 19.57 19.87 2067 17.43 16.70 17.38 17.561 17.43 17.59 2170 1636 17.01 17.02 17.76 14.75
Fe,O; 250 2.33 448 5.48  4.41 391 423 3.68 2.36 422 281 4.30 253 432 261
FeO 6.50 6.57 5.08 6.50 17.31 5.72  5.46 6.26  8.06 4.20 761 4.95 5.08 2.86  4.53
MnO 0.18 0.18 0.16 0.21  0.23 021 022 0.10  0.10 0.14 012 017 0.18 0.15  0.07
MgO 6.09 6.33 4.03 3.65 485 304 262 6.64 474 2.73 444 347 211 236 2.58
CaO  10.46 10.49 10.74 9.71 952 7.89 651 11.20 855 9.61 929 658 6.15  5.31 5.60
Naz0 2.21 2.06 219 2.48 244 316 359 1.76  2.36 214 232 269 336 331 3.11
KO 0.27 023 028 0.35 0.36 048 049 0.25  0.42 0.57 052  0.89 1.02 1.06 1.14
H,0* 0.84 0.20 072 0.79 035 052 010 0.53  0.78 0.35 055 1.03 0.56  0.70  0.68
HO™ 0.09 0.09 0.00 0.04 0.08 000 003 0.65  0.91 0.16 052 043 0.08 023 0.20
P,0s 0.12  0.15 013 0.13 0.13 014 015 0.06  0.10 011  0.08 010 013  0.12 .
Total 100.38 100.01 100.08 100.18 99.85 99.68 100.28 99.39 99.90 100.77 100.18 99.73 99.81 100.46 99.71

A @ Akita-komagatake volcano. Y : Yunomori volcano.
* : data from Kawano and Aoki?
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533 Trace clement compositions of the rocks from Akita—komagatake volcano.

A—3 A—7 A-11 A—14 A—-17T A-18 A—20 A-21 A-24 A28

Ce 71 9.2 9.9 101 116 11.3 149 137 150 163
Co 320 30.1 338 320 252 310 21.0 239 168 150
Cr 527 64.7 409 384 197 247 5.9 207 7.0 9.9
Cs 0.16 tr tr - tr 0.19 - 0.18  0.09 -

F 127 137 154 167 197 181 - 208 195 348
Nb 1.5 1.9 2.5 1.6 2.4 2.7 3.5 2.3 3.3 4.3
Ni 19.8 122 125 13.8 6.0 7.3 5.1 tr 1.1 1.4
Rb 3.7 4.2 3.8 4.6 5.9 7.3 6.8 8.1 89 125
Sc 312 287 257 266 228 2712 233 344 259 237
Sr 300 270 317 320 310 291 333 303 265 242
Y 18.2 17.1 206 214 234 239 26.2 259 310 377
Zn 94 103 92 88 87 96 82 72 85 121
Zr 383 449 465 493 564 587 75.1 640 824 939

A-29 A-30 A—31 A—-33 A-34 A-3% A-37 Y-3 Y-5 Y7

Ce 6.4 9.5 7.7 9.9 9.2 12.2 14.8 14.1 15.2 21.9
Co 292 282 361 29.4 331 22.8 176 223 248 149
Cr 853 386 107 385 543 8.8 7.1 19.1 16.6 11.5
Cs tr 0.21  0.17 - 0.54 0.37 0.45 - 1.28 041
F 82 - 131 159 128 178 202 - - -

Nb 1.9 2.4 2.5 3.0 2.4 3.4 3.3 2.7 4.6 4.7
Ni 16.0 164 411 14.8 7.2 3.3 1.5 3.2 7.4 1.8
Rb 4.7 4.4 5.2 3.8 7.0 7.3 8.6 9.5 21.0 230
Sc¢ 26.7 326 286 21.9 381 31.1 29.2 214 240 212
Sr 282 290 248 283 264 241 304 302 222 255
Y 172 221 17.6 184 213 285 29.7 239 25.1 34.0
Zn 83 T4 72 76 89 98 87 64 86 62
Zr  36.1 47.9 435 495 464 75.0 86.0 715 107 122
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#5K AFM diagram for the rocks
from Akita—komagatake volcano.
solid line is theboundary bet-—
ween the tholeiitic and the

- calc—alkaline rocks. Symbols
are the same as those of Fig. 4.
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% 1% Compositions of volcanic rocks from the Nanashigure volcano.

No. 1 2 3 4 5 6 7 8 9 10 11 12

wt. %

SiO,  52.91 55.91 57.06 57.64 57.65 5814 58.15 58.25 58.39 58.51 59.90 60.15
TiO, 0.72 074 081 056 066 057 065 064 073 0.61 059 0.54
AlL,O; 20.65 19.43 18.32 1881 20.08 19.51 18.81 19.52 19.18 18.56 20.09 17.98
Fe,O, 393 345 276 331 334 38 58 28 421 47 210 3.0
FeO 5.08 451 555 465 394 337 244 433 309 246 380 3.60
MnO 0.19 018 018 018 018 015 016 016 016 0.16 014 0.15
MgO 3.98 371 367 344 283 313 315 311 261 319 240 2.76
Ca0 887 7.61 7271 667 6.06 799 736 668 667 690 596 547
Na,0O 059 230 222 229 23 243 220 254 238 232 25 272
K,O 0.32 027 067 056 051 046 045 079 052 054 097 0.7
H,O" .81 102 093 113 139 053 08 0656 1.06 1.20 1.93 1.27
H,O™ 042 060 045 055 1.00 0.17 028 034 08 066 037 1.07
P;0s 0.17 0.13 0.13 013 014 010 013 o011 010 015 0.18 0.11
Total 99.64 99.86 100.02 99.92 100.12 100.36 100.39 99.92 99.94 100.05 100.98 99.03

ppm

Sc 193 231 220 1.7 207 181 21.3 2.7 240 135 211 137
Cr 16.9 17.6 9.9 3.1 9.9 2.3 9.5 105 88 10.2 113 9.0
Co 21.8 196 194 179 139 127 162 161 147 182 135 156.2
Ni 54 55 4.5 4.7 1.9 2.6 5.0 2.5 24 47 5.9 5.3
Zn 69 71 70 57 84 69 78 63 80 60 65 51
Rb 7.0 50 205 151 7.3 88 229 229 54 144 265 237
Cs 059 012 043 0.5 - 048 166 078 117 1.58 2.03 048
Sr 323 331 310 2% 318 317 304 294 324 314 2% 299
Ba 254 250 18 213 320 1% 107 1%4 13 262 275 1%
Ce 89 97 133 108 14.9 9.6 132 123 126 122 136 14.1
Y 138 153 157 139 151 124 163 150 100 157 134 139
Nb 2.2 28 3.5 3.0 38 3.0 4.2 2.7 34 29 2.1 2.9
Zr 28.9 327 436 31.7 492 338 471 49.0 466 50.1 547 524
F 126 106 85 83 98 47 107 109 80 100 66 146

Rock name and sample locality

1. Augite~hypersthene andesite, Yakedake II lava flow, 670m.

2. Augite—hypersthene andesite, Tsutizawa lava flow, 550m point NNE from the sum -
mit of Tashiroyama.

3. Hornblende-bearing augite ~hypersthene andesite, Nishidake lava flow, the summit
of Nishidake.

4. Augite-hypersthene andesite, Kenashimori lava dome, the summit of Kenashimori.

5. Augite-hypersthene—hornblende andesite, Aziro pumice flow.

6. Augite-hypersthene andesite, Tashirotai—bashi pyroclastic flow.

7. Augite-hypersthene andesite, Jundaira lava flow.

8. Augite-hypersthene andesite, Tashiroyama lava flow, Tashiroyama 980m peak.

9. Augite-hypersthene andesite, Yakedake lava flow.

10. Hornblende-bearing augite-hypersthene andesite, Kurumanohashiri-toge lava flow,
Kurumanohashiri-toge 690m.

11. Augite-hypersthene andesite, Terada pumice flow, Baitanozawa 450m.

12. Augite-bearing hornblende-hypersthene andesite, Nanashigure lava flow, 550m
point N from the summit of Nanashigure.
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§ 3. EREEEMOERFNEH

31 9471 ERESEY

BRSO BRI, 0T — Fls GIREEE 1 RORF, T )y LA S
CRR, REGOLET, MHMR AR, SRAEMIT, AR, MAEE, BER, A
BThY, L ECHY T VERRD bR b BIRSEME LT, BIKE 2 BEE AR D bh
Bo V- K54 MEHE Y= BEKREOGHEBAS T, B, RERLERE
PEHRE L, RET, 740 ) EE, MAEE SEERERT 5, REBLTERT, &

# 1% Modal analyses of selected plutonic - inclusions.

Alkali gabbro FO;S;gs:gigg Foid-bearing alkali feldspar syenite C;g;;iEEd
U-01 Uu-02 U-11 U-03 |U-08 U-12 |U-05 U-04 U-10 U-07 U-06 U-13 [C-01 C-02
Plagioclase 36.8 27.7 47.9 50.1]29.3 36.0 - 0.4 - - - - |14.3 44.4
Alkali-feldspar - - - - |43.2 40.8 [88.5 84.5 89.7% 86.3 90.2 88.8 - -
Olivine 11.8 - - - - - - - - - - - tr -
Clinopyroxene 35.1 45.6 35.9 16.4| 3.0 1.4 | 0.6 2.0 2.0 1.8 2.4 2.1 |52.6 -
Amphibole tr 11.8 tr 8.7116.4 11.9 | 2.3 5.2 1.2 5.2 2.7 0.2 8.7 40.6
Biotite 14.7 4.7 9.5 21.5| 5.0 5.2|7.9 0.5 4.5 0.8 - - - -
Nepheline - - - - - - tr 3.2 0.3 2.9 3.6 - - -
Sodalite - - - - 2.4 3.7 | tr 1.7 - 2.7 0.4 6.7 - -
Magnetite 1.3 9.7 5.3 1.4 tr 0.2 | tr 2.1 2.1 tr 0.6 2.2 |14.7 12.7
Apatite 0.3 0.5 0.5 1.9] 0.2 tr 0.2 0.2 0.2 tr tr - 0.3 2.3
Sphene - - 0.9 tr 0.5 0.8]0.5 0.2 tr 0.3 0.1 - - -
Color index (M) | 63.2 72.3 52.1 49.9 {25.1 19.5 |11.5 10.2 10.0 8.1 5.8 4.5 (85.7 55.6

tr, trace (less than 0.1 %); -, absent; *, perthite.

B, Tvh V) EA, A6, BER, BER, V-4 71 N RODVEORSKIL, BIKA,
A7 2=Virbleh, BEAGET VI Y RANEEIIAG - KAROYAT — ALK E 2
T 5, REZHAMN (U-05, U-10), Bk (U-04, U-06, U-09, U-14, U-156) X
UHIRL (U-07 )T, FROLOBR IS o ERGEHIT LV EL, BERER, AN
B, REET, MEAROXT <)y, V—F 1 b, SR, BB, BIKE, A7 .~
&5,

3.2 SATNERELEY

24 7 IRBUE DAY DI AE HRICIREA —HBAMES — 7 VA — b ARIA — Bk
—BEKA ERHRA =7 v A — P AERE -SRI —BIKAE D 2 EEARD bR S, I, P
HE-BROMEAO, BAEL, T2 - MEREZSEE L, LhboICuEic &
DA — bEA LRSI DR bh be Z O Wager et al MDAV F , —LAL -}
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BHCE R MR BT 5 Y % HILX 560 - S T XL ¥ — P EPMA® & L TH T
Ui (88 1B0) o BAMEBIRF~THCa el 154 1 7T, ZOMBUES — 54 b —F 2%
— T4 b= —TA b —~TFTVEANEHRLEDEL 21l d (CaigMgszFeo —CagrMgoo
Fess)o 7275 L, SMLORBI BT 5 Na DBERZRD ORI, 24 7 1 AHYHOHERE
FOMBIIEE A0 CaMg —CaFe BICH - TEILLTW B, 21 7 I ABWHORREE
DB TS < ( Cagg 4oMgio-3sF€12-13), FaOKITLY £ LOEBZEIZRDLNIR
FPIE 3T RT, calcic potassian BEIAS TH D, MR Ty v A - bARNE &7 L2 -
NG —< S %V TV —~AF v I ARAE —~AF Vv IAEA N EERT L, 21 TTE
BYHROARARY TV vy 2 v A—- MAERETH S,

BEFOMg —fEid 76— 16 OEETEL, F 2 Vv E&ER (Mg—HE6THUE) &F 2 VARE
RC AR N, TiO, DEIZ 8.8 %h D 3.8 %% CMg —fHOBA & L LM T 5, 217
TaABHD5E, Th )Y UL EHRORERE Ang o OIEWELEEA Y &>, —BRICIE
PR L, BEEY LA ORBETANEL TS NE2B%THb, V=X 74 FEEEY /=
HEDORERITAng 7T, TN VBRI O 4 THbo 7AW RANKREPORAD
FLBIT Ansg AbgeOTs 70 B An Aby Orgy ¥ THEIIICET 50 72, /S—F A bHFDOT A
1 RO (U~ 10 DE ANy, sAbgs 5605 THBo & 1 7 T AHMT ORHEA DML

. Foid-bearing Foid-bearing

Cumulated gabbro| Alkali gabbro monzonite alkali S;é:ﬁg:r
Si0 wt.% 39-45 55-57 58-62
Plagioclase An87-82 Ang4-27 An42-17 An39-
Alkali feldspar Or59-41 Or58-18
Olivine fols Fo73-71
Clinopyroxene - . Mg:V 76:74 | Mg.V 80-65 Mg.V 72-46 Mg.V 62-0.5
Amphibole Mg.V 70-66 Mg.V 69-46 Mg.V 37-32 Mg.V 32- 8___
Biotite Mg.V 76-46 Mg .V 38-30 Mg.V 36-16 _ __
Nepheline Qzl1-7 Ne79-76 Ks16-13
Sodalite
Magnetite Usp57-43 Usp39- 6 Usp31-20

# 1% Summary of crystallization and compositional range of rock
forming minerals for the plutonic inclusions.
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28 23 Chemical analyses and CIPW norms of plutonic inclusions.

Rock Alkali gabbro So-monzonite Foid-bearing alkali feldspar syenite

Sample u-01 uU-02 U-11* U-03 U-08 U-12* U-05 U-04 U-10 U-09* U-14* U-07 U-15* U-06 U-13*
wt.%

§i02 43.98 39.10 42.34 44.72 55.99 56.26 59.53 58.57 59.69 59.00 60.66 59.34 60.57 59.67 62.21
Ti0z 2.63 4.55 4.12 3.04 1.20 1.25 1.15 0.78 0.77 0.8 0.65 0.53 0.28 0.34 0.14
A1203 10.03 14.53 16.19 18.15 18.78 19.10 18.45 19.26 18.77 19.41 19.38 19.55 19.48 19.15 19.98
Fe203 5.62 8.82 5.8 4.56 2.00 1.32 1.41 3.16 1.58 2.74 2.02 1.71 2.05 2.04 0.76
Fe0Q 6.36 7.54 7.33 5.8 3.46 3.60 2.33 1.06 2.53 1.23 0.92 1.96 1.74 1.65 1.16
MnO 0.18 0.18 0.6 0.16 0.16 0.14 0.12 0.14 0.14 0.4 0.10 0.17 0.15 0.20 0.09
MgO0 13.33 6.97 5.87 5.11 1.62 1.40 0.93 0.77 0.79 0.71 0.45 0.35 0.24 0.14 0.03
Ca0 12.18 13.19 12.20 9.17 3.93 3.34 1.88 2.46 1.86 2.34 1.60 1.79 1.43 1.36 0.69
Na20 1.60 1.69 2.43 3.31 5.96 6.33 5.68 5.44 594 573 557 6.68 6.39 7.57 7.33
K20 1.41 1.35 1.51 2.66 5.27 5.8 6.98 7.08 6.33 7.26 8.19 6.79 6.97 6.29 6.91
H20+ 1.96 1.57 0.95 2.13 0.62 0.67 0.42 0.34 0.57 0.30 0.23 0.51 0.53 0.56 0.32
H20- 0.22 0.6 0.30 0.17 0.08 0.38 0.07 0.6 0.15 0.17 0.13 0.09 0.11 0.15 0.38
P20s5 0.34 0.24 0.48 0.66 0.40 0.33 0.30 0.21 0.25 0.15 0.10 0.10 0.06 0.07 0.00
Total 99.74 99.79 100.00 99.65 99.47 100.00 99.25 99.43 99.37 100.00 100.00 99.57 100.00 99.19 100.00
CIPW norms (wt.%) a b

or 8.54 8.14 9.04 16.15 31.53 35.12 41.77 42.29 37.92 42.85 48.42 40.54 41.18 37.74 41.23
ab 9.51 3.94 11.08 16.99 35.21 31.40 39.64 35.43 43.65 33.82 33.55 36.93 40.37 41.28 44.10
an 16.42 28.35 29.17 27.54 9.04 6.40 4.28 7.30 5.94 5.84 3.62 3.34 3.8 - 1.11
ne 2.37 ~5.77 5.28 6.38 8.59 12.31 4.8 6.01 3.95 7.81 7.39 10.94 7.39 12.56 9.95
di 33.97 28.63 23.47 11.68 6.60 6.77 2.59 2.84 1.47 3.90 2.38 4.20 2.60 3.24 1.95
ol 14.05 3.11 4.28 6.97 2.8 2.89 1.85 0.44 2.68 - - 0.30 0.34 - 0.20
mt 8.20 11.93 8.63 6.79 2.94 1.93 2.07 1.63 2.32 2.08 1.39 2.51 3.01 2.75 1.16
hm - 0.76 - - - - - 2.07 - 1.28 1.12 - - - -
il 5.12 8.81 7.92 5.93 2.31 2.40 2.21 1.50 1.48 1.52 1.21 1.02 0.61 0.66 0.30
ap 0.81 0.57 1.13 1.57 0.94 0.77 0.70 0.49 0.59 0.34 0.34 0.23 0.16 0.16 -
ppm

Ba 186 846 258 538 799 437 251 150 107
Ce 45.3 61.7 7.2 121 110 115 150 164  72.7
Co 67.7 50.6 37.8 8.8 8.7 1.6 1.0 0.4 0.3
Cr 483 101 76.5 14,5 17.5 3.1 15.4 10.4 13.5
Cs 0.38 0.25 0.67 0.64 0.97 0.73 n.d. 2.43  0.57
F* 483 575 885 793 746 675 907 545 846

Nb 33.3 47.9 67.2 126 119 92.9 181 245 77.0
Ni 216 57.2  59.1 11.5 4.7 2.2 2.2 1.7 1.8
Rb 33.5 35.0 78.9 146 144 98.8 165 195 180
Sc 23.1 36.4 23.6 5.9 8.2 3.8 3.5 1.3 n.d.
Sr 431 929 845 448 463 217 62.6 n.d. 10.0
VaEx 237 265 68 23 12 4.0

Y 15.5 21.6 18.0 24.3 21.6 22.7 22.7 29.6 14.6
In 86 14 139 125 83 82 84 108 72
Ir 129 160 254 375 400 282 560 755 357

*, X.R.F. analysis; **, jon-electrode analysis; ***, colorimetric analysis; n.d., not detected;
So-monzonite, sodalite-bearing monzonite; a, includes wo=0.23 %; b, include wo=1.09, ac=0.52 %.

Ang 15 Ang, T, FEHEIBIIIR <, 55 O L ) 4 L ORI AEREZRD b
BRARLL TR 72V V&Y =271 PR DBNE, 7 = ) VIEITRERALEWE LTO
W EET Do SHHENDE LN S SI/(AL+Fe®™) & (Al+Fe®")/(Ca+Na+K) it
FThZNn1.08-1.19 &£ 1.05— 1.12 TRREW “ excess Si " %EFT S, Thbx7-0V
DB 1% 75.6 ~77.9 wt . % NaAlSiO, (Ne), 13.7-16.4 wt. % KAISiO,(Ks ) & 7.1
-10.7wt. %Si0:(Q2) Thbo Y —KF1 MFEY VYV =HE—HDOT L H Y BARFAREHIC
MBFELEY E L ROBNE, WY ITVREREA TIOTAN I Y L5 (U-01 )Tk
Bikgd, 2AT7I(C-01 ) TBEY TCREABAEFCEAEINLFESE LTET %,
% DRBILETE TFo72-735, Ca0=0.03-0.11%, #%# TFo;s, Ca0=0.25 % Th 5%, Fe
~TiBItHDIZ EAETNTHRGERETH D, FRVYEBHILAATIOTA R ) NV L A2
(‘U—01, U-03) REDTENERDOLNSEDATH o MEELOBBUTZ 1 71 TwH Y
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YU A B CHIBUR DA T L R I E Th B,

§ 4. 547 1 BEYMOLELFHER

24 T TAEWISEAC OV TERG TR OBELITV, TD5 b, Ik oL CHET
FrER Lico TR TLRAFCRBAETHML, —WIBBAEXBRELC L5l TAH VD
WTRRIKE, FeOlZB~Y A VBN VIEEEC L hKRibtoo VAR 28tk 6k
LD, FIdA A VvEREY CLVEEL, £OMD IBHEERSIC 2L IR ET Rtk
& ot ABOBMICIIHALKF B ERRFREERR/HROBT 71 F v 7 2FAL, 30
MeV OIEE F% A1)

FHHTLHER L OHMEBR G TTROSHRER L/ VAP FE 2R OR L, AL LR %E
2, 3, 4KTR Ltco i3 D, KIEBEOMBR R g 2 \WTHRLT
Hbo CHNOREEEEDITNTSIO—T LA VR ETT v Y EOHERC AR EN,SI0,
DOEINCAE > TT VU DEBTHEINT S KIEHEER L Ly i, /v A Ne 2Si0,
P FeO*/MgOH (0.85-61.5 ) DHIME & LI 2.4/ 5 12.6 %% THZ %o Sl DA &
b7cus, Si0,, Al,05, Na,0 & K,O Xk icigm L, TiO,, FeO*& CaO X EFER I
BAHT5 (B2 )o FOMBEIL N VY FIZKIER S IZIE—%TH0, —8, 7Ah)n
VVAE (U-02, U-11D Db LY FpbEThCwb, Zhd, £hbhe— FNTHER
< D(5.3, QTBIMFIEEETLIDTHA D,

HERSTHEDOS B, Ni, Cr &Cold, KIEEHEFERIC, SIORI K & bW T
%o Sc, V, Sr&Baid, SIA20LLEDT A Y Y LA BT, SIOBAKE LKL,
b CENT 50, FOBBAT 5, F, Rb, Y, Ce, Nb & Zr (T KILIERBCRIML,
BRMOT v h ) RARRSE (U-13)TARBY T 5. 70, b1 Vav 5 Tufs ik
THDHNbEZr ODRAGRG, WHEWE KILEZ AR TEIT 5 (85K ; Nb/Zr=0.25
-0.33 ),

Ihb A 7 TREETEWOAFEERT, EARCIE, Fhor20EToKUEEERT
it Z R LT 5o

§ 5. BEBERESEMORE
Toh VECH S TET HIFEE~BERBEUEN D% i3 ¥ 2 27 ABEEL, —
W, ThoZ2WUETHRKEY I IhbOEBHTHE LEZ DR TV 51213  BEE D &
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wt.% ® Gabbro
60F o Monzonite
e Syenite
52} wt. %% y -
3 a [ ]
44 10
4 R B 6 L
3} i Ca0
2F 2t
1
8r Naj0
6t
18} 4t
2t 5
14}
gl K70 °
104 6t
e 4f
2k,

Sl

#9oK SI—major oxides variation diagram of type 1 inclusions.
FeO*; total iron as FeO.
Enclosed area shows the field of volcanic rocks.

1 TUAEWIAY F 2004 MABEEL, ¥, BBEYOMRBERIIR S, RFEEd
BECE V. BFLL, b, /v bRNGHEM THARERA, T 2 vEaER
BLOr a2 — bARAVERL TR S hERETHS Do

—%, &4 7 1EREDEWL, & EBRO, FAY ~OMRRESLZ L, R—E&%T
SREOTMNZE L . 1 Ui LEEYHORIGS 5\ OHBERARD b, Bl R
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® Volcanic rocks
O Plutonic rocks

ppm[ = . ppm[ o
i Ni [0 . .
[o]
2001° 200} .
L B .-
100% 100f
i = 00 v o
" " afenmnd Eﬁl
o " Cr m °° ! agm
400} 800
[
s - - '
200 * 400}° com
i . o | Sr o%
5 Sy #00mnad( 4
6ol = Co 1200t Ba S
L [o] I [ ]
i o) w © 0 =
30t . 600} o =
- a - g o O
#0m o " &
s = | . Sc oo} F "
! - " " A .
(o] [o] " s | Bg L] [ ]
20} . 800F ., w ° T L
L " ol o o rh l
o) o \ . [ ]
40 0 20 10 40 30 20 10
Sl Sl

# 3K SI -some trace elements variation diagram.

FBLEIEZONTV. ThbIE, FTOLBHEBRORFRE (F2 - 4R D, BRIEWOH
HIER B (B 1D hHHEE LT, TAh ) XREE YT ¥ bo—#ED R 54
B THLLEELDND ED BRARGILT AV Y VA (U-01)iEMg —fE

(100Mg/Mg+Fe*?), Fe,0,/Fe0=0.25 )72, Ni =216 ppm, Cr =483 ppmThH
D, IThbrTETHKUERTRS KRG LLT vh ) XRE (Mg —{HE=66-67, Ni =178
- 185 ppm, Cr=231-244ppm) LD I HLERGLISHEEARL T b0 THHEDT LA
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ppm
i Rb < ®  Volcanic rocks
160} &" _& O Plutonic rocks
I = " o * ppm
80} o . 240 Nb
-o a . o a8
~ 160} &
® L}
4o Y - e,
i B Ll u' 'C 80} " (o] " ) °
20 - o " %® o ~ o
0 = © o "
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s Zr
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L .. pc i 't:ou -
» s " O =
100} 0® 300} . - °
L] - o ®
[ ] oo q ]
O O o
40 20 10 40 32) 22) 12)
SI SI
4 SI—some trace elements variation diagram.
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#5K Zr —Nb diagram.
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Ay LA BB AEN S ERAPRERNEETNLT LD, ThEBER LT 7
HEHIKCEAT WL HEEI NS, 21 7 IRBEEEDE, £ H5HE— FERMERFE Ik
EREVDBRC L LB R &, FOERS T b ORBERSER & T OBLERRICE
T, BEEKLIEE LS 0IBEREZE LT %0 202 LEFENERKCIIIBROME~
T2 h bO—HBORERSERIC L VBERENILZEERRE LT 5, ZOXSTrh) K
I e S R B AEME, KFEED £ e F B 2 Campbell &%) RO =+ DMt. Kenya
B Rbh, FCaeF BOBAEDERFIERIBEE O 7 TREEIENDOTHIT
FWTNB, 21 T TAEHDS L, TLh) BRERESOEBRA{FETEITVHIIRAS
FO% 72 ) v OMEE L $icSi0,(Qz ) -NaAlSiO, (Ne ) -KAISiO, (Ks)F' (Py,o
=1000 bars ) AR LEDODBE 6K TH L, ZOXRETT Lvh ) RARES ORBIET v 5
) B A ESAERCED, Hamilton and MacKenzie!” pVR Lic 7uh Y fefaz BIhER 24

/7
Q

Qz

Alkali
feldsparss

Nepheliness

Y
Ne wt.% Ks

# 6 Analyses of the foid-bearing alkali feldspar syenite plotted in
the residua system in terms of normative quartz— nepheline-kalsilite.
Phase boundaries for Py, =1000 bars are from Hamilton and
MacKenzie!”, Symbols m and M show the alkali feldspar and
ternary minima, respectively. Isotherms of 700°C, 775°C and
1068°C are after Hamilton'®’. The line connect nepheline (open
circle ) —rock (solid circle ) and range of alkali feldspar ( open
square ) compositions .

T, X7 = VY —=7h)EREFGEE D - T 5o
Th, 24 TIEREOEWIRELL, TAh)ZREBE< /< hbafblic—#ED~
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T BMETHI L, R/ TBO LSO/ TRICEAL, £Z TR, BRELTERS R,
FOHOBETBAOBEHICH W HBC SLLINILLDTHS D, 41 T TREEUEDND S
BOLABERICE A CER T, KIS & OMREDVBEZET/R LD, XKLL T
B ~OBAKRICHE Db fT - LEREFZ L DR Do

§6. £ & &

BB ETIEREOEYCIE, BTRAEPCEBOSH L LTET S AT~
ROTAH VANV UAE, V=54 FEREEY YV EBIOERAERET VA ) RAKREKS
Mo b a1 T 1AENE, KBEAhORERIIEERFICE/ VAL LTEERL Y LA
HEEBRETHL LA TNEEDEND 5o

21471 BRESEE, —BEBRVT, Thr@fTr8HE KNIEHLGEALRALE
B s O BOER  REALY RT T v h VBRETH o HREY ORI EHER
DI - CHEFHICEL L, ZhOhRKIIERE & biIc—EOERI LA TR Shi
TEEFRB LTS, MBSO/, £ N X OMBRE I KL S nT ) R
moThbo 8BS, 24 71 UEYHIBEE KIEHEYVR LD L—FEDT T < n< T
~BH LS OB TRERCEAL, T THRE, BILL TR I b DTHA Ho LT L
T4 T IaEDE, THGEEMHER L OUR S hicb ol ilE Sh, BRI OBRE
LB LM<, REBELEL Ly,

EAERBOXBETHEHMUC H1c » TE, FALKFIRERFEF IR FEMRBR O/ RS H B
B, pAREEL, 517y 77 vV -7, BX¥ES M /oo vRIty 42—
DEEEREE, ILFRTELPBMBE DT A CEROEBNEH 1o ¥, FAKRFELTEI
HEOKBRIBIFEL, BEZEMEL, FILREHRTHFHE OBRRBLEE, 6)IIE—#
T B E L L REETEELE 5 1o ZhDDHARRHT 50 vk, KBIEO—IC,
SCRAE R (No. 59420015, No60121003 ) Z{HMA L7,

P 5 X Fik
1) & £ AH 80(1985a)128.
2) FEAEE kb 1(1933)21.



389

3) A. Harumoto : " Volcanic rocks and associated rocks of Utsuryoto Island,

4
5)
6)
7
8)
N

10)
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12)
13)
14
15)
16)

17
18)

( Japan sea ) ” . (Dept. Geol. Min., Kyoto Univ., 1970) p. 39.
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mEAMERE, FILE KilEH oIt
aHEES OMBER &£ OMER(LSF

B, WA
BN — « BRI - FHRE* - FARH A

§1. B L®HIIC

BEAHMEGCHAT IHEER, BILUERECERGERIE, hADAAXRER LD
TELLIE & DBEEFNL OKIUBBE,N DR S ), KBOKILEROKFEO—
2, THhLOBEDKILFBEEYEE L sE 2 oh 2REIL, HHIL, EHAREDKERF
ALELIEALRLZETHE (BIR D, ThbOFKERET, LIELIEE DKL
B AEACIERSEERYHESL LTEAE LTV, ThbORBEERIE, <7 L b
Bk 5T, BAOBRECREBRY 5L -bohd D, &ERLDBROEHERITAE U
I AMPEBERELORDEH B,

DX O hFCERBE Y/ < PR AT N ERERES OMBERSC OWT, SET
B oD DR S BEARES LT B C0 L) RBRIERESEORRO—>L
Lf%z%hfbéﬁﬁﬁﬁ@%ﬁﬁﬁ@%%&,%hﬂﬁéﬁiméﬁéﬁ%?éézfﬁ

%alkoyama

7 A tagoshlta

o @ -
@o}osan -A.B

Fukushiﬁ
@® : Sampling point

F1N A EREEARORERRY
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BB YREETILDLEDbh b, KBETIE, FOL5KBALD, ThOEHBE~/ <
hizEL DA R TER AEREEORMBICL L > TE U7 ARI UL OEHER TA U
BT 5, XEFHOHEELR 2BV LORERYR L, ETOBEERT S,

§ 2. BREICKITIHEEDERLMBRR

SEOWRC AV SRR, AB2Y ks, HRILUBXE, EHAERIOREILK
BrLDEDTH D, AEHERIMAE %5 | KR T,

2.1 HHLBAE
HIRIUTIEESEEHEFAECA, B, 2 20KEREFHIINA T %, 205 HiltklB Xk
BIIEBRRILED DR A, FTOREMIIC BT, DE & TERE OB KEBEBDOH
ZBERDEL, ok ~k o BE R SRR &% 2 bh b BES b O kS
RS BCRAD LIS, MEREROS b, ARFHREANTMAEVYET S, fRAMAES L
TH D, FOWIE finger print structure ¥R L, BHCIIBUNBEN 7 A ZEHE LT
Wh, BEEZEZOBERLBONOIERELY ISR LT, B REBILEY , 75
A, REABLON I ADERK LTV b, £ LTI NLOMEREROME T 7 A HED
TWb, ZODH 7 AFRIENTF RS BERBCVR S hic & 2D A Ml RERFRA & &
FEANRELET Do & 05 bRIERIIEMAAERED 2 LI LIEMS. HT 2 3—BIH
t~BHRELYET 5 (B glass ) »Y, SWESEEY O RE CII#EVHE~EEPB-C glass)
LT Bo

2.2 E B K#E

FHAKH#ET, EREEHESCHERG L SBCEUNADARZRELDRLES &L, K
IR B AR S Y E O O AERAESARIE 1 DI 285 L RO DN 5o HTH
FIZER DA ¥ h A BEREREGREE S A DN AMES ORMEOREIMES, 77 AZEH DKL
Rl > TOABR I N T 5, HEEEORBGH T, EWCBENA b, —ic, PR
CHARTEBORE NS V. BEAETORERIERNERTHY, AL &L IABREORE
N\, EHBEMIEE, REBED 2D S 5 0BERMITE > T bo H T AR
3F OEHERNCRE LB s BER~EROBEEPLEFER R A DR, TOBEL, Hgk
B DR B ALOT oI X TELE L s T B,

2.3 HREXkE

HfE OMERBIRE & - h 2 B CERESESRER AL oBMcRe o 7 AHEARE
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L, ZOhREROEREERESS JORBER I RDOOND, T, BREH T ALK b
9 RIS LTV B, WEERORRBARAL £ bR ShTRY, %
ik finger print structure A b b, BEH<, BERLB b I EHELMIL, H#
L Tl e AR B G A DB LD > T\ bo Z ORI SRRIC L > TEL
HIAL2HD Do Thbh, HIZADOKBEEE LT85 (H 72T )&, M-
RRELHS AT EOBOBH 10 pmDBHFICALONDE AT AN ETH b, BET I e
BHBRRERNEL TN DI ERBE, ZhHDH T AT T Tl B~ R BT
WEBERET 5,

§ 3. WS EERT SEETLY DLFHERK

HRIB ko, EEKE B IORE L KED D OREMHESACOWT, X</
TF T4 I & D EEEHDO G RAT oo FOMRELE 2R L5 3R T TEMEEA
BB R ORI - 1 AR OMBLE Angs Abs;Or, ~Ang,Abg,Ors ( HIRILIB KIE ), Angs
Abs 01, ~Any AbssOry (EMKE ) & ADBSITE {7, WARMEOBATITAE LIf
13 AngsAb, ,0T, ~ AnggAbyy Ors ( FHUILB KT ) AngyAb,0r, ~ AngeAbs,Or, CEH
Kt £ D An BT, FIU <, 2RI B 2l LTV 55, % hIZEIR Kl Tia
BEETHY, Lo ETRRTEATHD, ZORTELREIWo RS 71 ~2 ELBRE
<dh 0, gL A AL KL ORI JTER ( Wo %13 4 BE D I A~ TEW (B3,

An An An

Kojo-san B v. / Tamada v.
A‘Q’A" / Lo aa .

50 Ab 50 Or

: groundnass feldspar from host basalt O: glass 1 from fused granitic rock
Renocrystic feldbpar from fused granitic rock ®: glass [1 from fused granitic rock

:qechfeldp mg]ass rom f dga itic rock

: glass from fused gra

#2MX EQMB,EEkiOWEMX PLDEREEREETOREARIUN T A
DAL (SR BRSEC L AL H 5 AR, FOMIERER, H7A2ELD
CEPMAGHIRER ) o

»>>@0
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Di x * x
g To
o ° o O
® 0 0
L XY O
Tamada v.

O : phenocryst pyroxene

® : groundmass pyroxene} host basalt

[J: quench pyroxéne in glass from fused
granitic rock

En 50

Kojo-san B v.

[ : quench pyroxene in glass from fused
granitic rock
B : pyroxene from decomposed biotite

A M \V2 !ED]%J - M A VAN Fs
En 50

Daikoyama v.

O : quench pyroxene in glass from fused
granitic rock

. V4 A V. @D \va

En 50

FIM HHIUB, EEE JOREBILKED D OfEREEERESS DA DLFER
(EPMASMTEEREL S )

“—> Fs
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§ 4. TEREEHEEDDHS XEDILFEHERK

TERS S A DRI & T Ute H 7 AMIIC W Th, BUNBOE B LR A XiR
24 I aTFIAF - L OFH Lizo 1o, 20N I AMEZERE L QBASHRCL D
IS TEY, KB THREMEERZ X D Sc, Cr, Co, Ni, Zn, Rb, Cs, Sr, Ba, Ce,
Y, Nb, Zr O13MBTEE TR L. BB 3 B F ISR TR B IRl %
DEFIAFv 7 HFAL, 30MeVOMEBETFAB18 s ThHORRY, MEIK S
(JR—1)DEE) L& bic, 1,2, 3%, KHLORE4L, 5RETET,

1% HRILBKED DO SERESh DN 7 2 DERFLFDHTEL
( EPMAGHIC L A, EAICLTI00% CHEEHE)D

1 2 3 4 5 6 7 8 9 10 B-02(wet anal.)
510, 75.83 76.14 76.31 76.52 75.84 76.30 76.69 78.35 77.91 76.64 74.21
T1'02 0.16 0.21 0.29 0.30 0.31 0.36 0.29 0.28 0.20 0.25 0.21
A]ZO3 12.85 13.04 12.86 12,93 12.93 13.63 12.73 10.79 12.92 12.99 14.13
Fe203 - - - - - - - - - - 1.18
Fe0 1.57%  1.53%  1.69%* 1.44% 1.93* 1.48% 1.83% 2.74* 0.58% 0.96* 0.57
MnO 0.07 0.02 0.02 0.05 - 0.12 - - - 0.01 0.05
Mg0 0.45 0.32 0.60 0.52 0.47 0.46 0.43 0.34 0.30 0.34 0.32
Ca0 0.61 0.58 0.54 0.73 0.73 0.7 0.57 0.80 0.41 0.50 0.58
NaZO 3.30 3.14 2.79 2.30 2.62 2.22 2.50 2.20 2.80 3.43 3.35
K20 ) 5.15 5.03 4.90 5.21 5.18 4.7 4.96 4.50 4.88 4.89 5.38
P205 - - - - - - - - - - 0.01
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Colour PB B B B-G B PB B B C C

B : Brown. PB : Pale brown. B-G : Brownish green. C :Colourless.

« Total Fe as FeO.

Specimen Nos.1-10 B-03 (Kojo-san B vent).
HIR LB KB D OS5 5 A2 S10, DEIFAN 75.8 ~ 183 TH D, £ OHEIMITH
W, FeO*, Al,0;, MgO b0 7 vh U AEA LT 50 ZOHBAK0DIEDLD LK
o FRES L TERABOL DIE, Si0, OFBEAVN I (T7.2%~T8.3% ) ICbhr
PhLFTAHYDORIAREIESDE, BIRK,02 4805 T4 BIRS, REWLKERD
DRI R SR, ERARL S 2 WEOY T A DRBIEE L < Rl -> T\ 5o Tibb,
K5 A TIFHIAMCHNT, L DK,0REH, CAORZ Lo AENDLATAL, 7 AT %
B A8 - A S THE R L H 6 TSR 3o Db X 51cd 7 AMIMREIRV AR 2 7R 30,
BELTSIOE A, ¥, Na,0 LD K,ORELE W ORKBMBRDLN S,

552D Se, Co, Ni, Cr 2 FH b ppm TV 45, 1 4 ¥ ¥EDK ¥ 75 Rb , Ba, Cs,

Ce DEHEITHERIZ
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H2E FEHKEHLLOEREEBESHDH 5 2DERGCFEIHHE
(EPMASHIE L%, BAKC L TI00 % CHEBEHE )

1 2 3 4 5 6 7
$i0, 77.98 78.03 77.27 78.34 77.46 77.84 77.70
T1'02 0.21 0.17 0.41 0.27 0.41 0.23 0.20
A]ZO3 12.39 12.22 12.90 12.69 12.05 12.58 12.27
Fe203 - - - - - - -
Fe0 1.33* 0.78* 0.58* 0.94* 1.03*% 1.70* 0.88*
MnO - 0.03 0.01 0.01 0.01 0.05 0.01
Mg0 0.20 0.22 0.23 0.14 0.20 0.20 0.36
Ca0 0.65 0.67 0.72 0.83 0.55 0.76 0.63
Na,0 1.55 0.59 1.21 1.97 0.83 1.49 0.64
K20 5.69 7.30 6.69 4.79 7.45 5.13 7.31
P50 - - - - - - -
Total 100.00 100.01 100.02 99.98 99.99 99.98 100.00
Colour PB C PB B B PB B

B : Brown. PB : Pale brown. C : Colourless.

* Total Fe as FeO.

#3E RELKED LOTEREERESTON 7 2 OERS LF5HE
(EPMAGHTIZ L 5, A LTI00%BIBEEHE) .

1 2 3 4 5 6 7 8 9 10(wet anal.)
5102 75.99 77.30 77.94 78.17 78.95 76.24 78.31 80.14 83.42 74.80
T102 0.22 0.17 0.22 0.18 0.19 0.19 0.24 0.21 0.08 0.13
A1203 14.09 13.51 13.22 13.12 12.92 14.31 14.08  13.25 10.84 14 .36
FEZO3 - - - - - - - - - 0.68
Fe0 0.93* 0.82* 0.56* 0.59* 0.71* 1.96* 0.81* 0.78% 0.40* 0.85
MnO - - - - - - - - - 0.02
Mg0 0.26° 0.35 0.33 0.30 0.26 0.53 0.35 0.71 0.32 0.12
Ca0 0.30 0.23 0.30 0.33 0.44 3.39 3.87 3.40 2.78 0.67
Na20 4.68 4.38 4.43 4.36 3.71 2.38 1.78 1.03 1.66 3.89
K20 3.53 3.24 2.99 2.94 2.82 0.98 0.57 0.47 0.49 4.43
P205 - - - - - - - - - 0.05
Total 100.00 100.00 99.99 99.99 100.00 99.98 100.01 99.99 99.99 100.00

* Total Fe as FeO.
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O: PB — C glass

® : B glass
o Kojo-san B v.
wit! FeO* ®
20r [ N ] o
* o ng. wt.% K,0
10r ©5° 50 ¢ .gogo o
o °
* ! * ; ' ' 40r 1 L 1 1 i
A|203 4‘°'Na20
14 P * o o
o 30+ o% o .
°
131 I .‘020 o oO. ®
20+
1 1 1 1 : 1 10 1 1 1 1 1
i o ~|ca0 °
03 1102 ® o0 ° 05*9 8 og's0 o
00g
( 2_{} oe o 14 Mgou L ! 1 1
o1f 05f, o 80, L e
74 l 7'6 l I8 l 74 I 7I6 ‘ 7|8 .
SiO2 wt% (anhydrous) SiO2 wt% (anhydrous)
wt%| K,0
, Tamada v. ‘)o o ©
7.0r
wt% Feo* o [ ]
°
20+ 6.0+
o o
© o
10+ (2 °® 50+ .
o °
o
' ' " ' ' 40r i 1 L 1 1
14|A1203 Na,O
20+ ®
13 o [e) .CO
®0 [} 10k O. ®
. L ) P Le—0- PO o
OA.TIOZ oe ° 10 cao s 1 L = 1 o Il
03t o o5 §¥0e” o
02t & 10 ' : : : '
o1t 05_MgO
. 1 1 1 1 1 ' 1 1 1 oﬁm 1
74 76 78 74 76 78
SiO, wt% (anhydrous) SiO2 wt.% (anhydrous)
FAR HIAMDSI0, — KRB BN (HFHEILB B L OEHKE,» OB EEBES,

BRSO FEC L 525 7 AR, I EPMASHTIRC L5 D)o
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Daikoyama V.

0: PB—-C glass wtel [ K,0O
o B ylass } glass I R
A:glass I 4
s
¢ ®
3 ..
wtole | K ®
s FeO 2 .
A A
2 A 1 A A
w3 . SUCSN
A °
1 Y A .‘.AA A NazO '.
® A 4 * o :oo
0
L Al2Oa 3
w ... x A}
14 N
L B
: A 2 4 A A 103
Ry A 4 H it
13 ® .
Ca0 S T
12 . 3 A .
A
1 N 2
A
10 1
TiO %
03 -2 s A 00 ooa”"*
0.2 ‘qu A A 0
Aol ® MgOa
ot A 05 Ag FYYN A
00 0 < 00—, 7? 78' 80 <; *
7 76 78 8 SIOZ wtle S|Oz wt.°/o
{anhydrous) (anhydrous)

#ER H T ADSIO, —FEBMN (RELKED HOEREEBES, IR0
W L2445 28K, MIEPMASHER LA Do

§ 5. MABMBBEOMEREEBEEBEDAMERER

A BEEOBEMCE LTI, ChETElE<OERN LI TS, £OHRTHHCE
B OME TRICR L1Q—0r —Ab—H,0 R TH %, KILid, Puo= P total DHE DY
¥4 AFLEOMERS ) 2450 LRI EEY 7 A DMK E L BIRLTH S, HEULB
Kl b DR 4 5 A DEBILITEARIC 5517 5 RERRA T AR S h o E7:,
REMKBEHHDOH T AT 4 121F Pypo =500 bar ik 5 HEFBATITRR ST Do
b L TCERKENL SO AT ARREELT L HYVRALOBERMMMPICIARE D
M, L0 Q-OrBE LT 5, 1, RELKELDLOH T AN IFMDH T AL Fix
N, Or RS L ARLEARMICERIN S,

I H T A DR BAIIE, £ OB IER SRR SR R, EUCH LT
SRR K S5 ADBID I E ZIFIFECRE ER AR LT 5, TORRE LTE, Moat
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BRI BT, OB A RVEETRREEDOFEIMEON T, ERICR b
FR TOLEHEEEARNL L, *OBESHECHROBC DB 5100, HHVE, bLb
LRI DBV o b, BELERTE W CR IR O & £ OB HICETTE OF D
HE, BRTHDHH 7 AARRIK EL BT b EDELL RS, BEbHOREICS
3345 AMOR AR B S O CTORBRKCER T 53045506 L/
Wi,

SRR B OB E & SR AS AN ST 5 RIC KT SR EARR OR R ZFF O
CED, BRIOBESENTSLLD

AR S 2 B 5 2% w50,
2 BRBe WFRICLTS, SEES | e
784
TR R A O WA BRI & - .
ThA
TR S RO R, EARIC T
1] AlOs
e e | N
12
RAEHLTWBEELS, -
,2_ FeO*
4
— .—‘——H—.__._’,_.—H—.—H—‘\/—“
§ 6. MOBMBROBEREHERE 0
0stMIQ L e e, e
z‘.
Tt AE BE SO SRR X - T N
WS W T 5 ARIORRY, HEE N
KL DRI & Hl Lo 053 AR =
W DAL % B BB TR — 1 O zk/\\\/WkN}\vA\N
WY LI LS, WEAEE LD N
Si0 Ik RRZL <, ALO; KE LA “ o
BT, TEITERS T S0 ME f'4ﬂ4*ﬂ4++H+\L+*ﬂ
B5 3l T e 0 SEBA R B D () ; ,
iass ass v4 a
1), HEOBETEAR A EED g 9! Glass 1l ~fa
ETEREAL LR %5 8 RicR 3o R REL KD DO TEREE RSO 2

EoHsA(HIAT, T),
5 9(a)® L5 9 (D, Bk AMET D77 7

@km7nyb%vwﬁﬁLtﬁﬁﬁmﬁﬁﬁﬁk@ﬁ¢@$ﬁﬁﬁ(ONK,SK,SAY”
fe b ONCEBIUREEBEKILEE (C—17, AYC, NM)'H 12 ofigta JR— 1 B THMEL L
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eh O FNFNT T BORRTH K H 5 AR JR—1 L&D, ZhboXkL7rY ME
WEES L EEEKLUEEOS (3 h D OB& Y &ATE D (RK46% ), TDORGMK
CRIETHEAERT L EEIHEER, LaLienb, TOBRYERLTH, Kll7a Y
MBEWHBOEEBEEATOK,0%BDETEI VI VT TAVTHROBEFZIR—1 55
W TR B R O EE T e H 7 2 DB L D b hvis DBV, —F, 2 v /374 7
ATEETHBHNI, Cr BLOST EFERBIMEDHIE e K7 vy MELALOEREKX
LEEE R WT, STEAEABVLOIE, —BIEHMREACEL L LBERTLILHES L

: Kojo-san B v.

: Tamada v.

: Daikoyama v. — I
: Daikoyama v. - 1l

glass

mOeO

BT Q—AbQ)—Or. B D Pyo = P total Iw K135 Y + & A EosE
Fare o, '
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B-02 DAK JR-1
si0, 74.21 74.80 76.42 #FaEz B—02(HBILUBXAEDHDIE
Ti0, 0.21 0.13 0.10 WMEBERERTPOE T T A B L
AT,0, 14.13 14.36 13.06 O@AK(ﬁ%wkﬁﬂ5®%%
Fe,04 1.18 0.68 0.41 HEBERROLEN T A ) OFR
Fe0 0.57 0.85 0.51 ICERLR & E AR
MnO 0.05 0.02 0.10
Mgo 0.32 0.12 0.09 LM, BEALEHABRETEACEY
Ca0 0.58 0.67 0.64 ) o
Na20 3.35 3.89 4.15 VCi) St i)kCaO&&?l)Ll%Ln_ &fj‘%,
20 >3 . 450 BEL L, BEBLCET 5 ThH0E
P)0c 0.01 0.05 0.02
Total 100.00 100.00 100.00 HENED sTobDEBbh b, HE,
ppm e S EHES DTSR TR S
Sc 2.5 4.3 4.6
Cr 0.7 8.5 3.8 1o 7T AMOMRIL, B0, Hik
Co 0.3 0.7 0.9 " ) L
N ' s 0o AMIMDO KT 7Y MAWKETHE
In 41 15 36 FEHKIUEEORBR EFRELD, LD
Rb 209 154 270 -
Cs 10.23 29.22 20.5 K, O E ATTERAE BE RO AR TR
Sr 42 61.4 29.2 . _ . .
Ba 01 280 . BB VEEER LT b, TD
Ce 41.4 49.7 45.4 I ETHEALAMER D kLT T v AL
¥ 14.3 33.6 44.6 )
Nb 13.3 13.5 17.2 W 5 SFIUeE R E KILEE D,
. 92. . =&
o = = 22 — R AL E R DHS 55\
B-02 : Kojosan B vent
DAK : Daikoyam vent SR Y 5 TE U AD TR <,

L OESBRIET LN )R RORERGMEROENTHH EEL DR TSI & ERNT
%o

KPR BT 0, B 28 - 1 AR B TR B e o /A BB, A Ak
MLl U A v 779y J =T DR, 5 EORIEKE A 70 o YRI €Y 2 —0
BHREE, SRSLcEN T2, o, ABFEO—Hic, SCRARERZE (N 50740412,
No. 59340054 ) % {HA Lo
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O:B-02
® : DAK
5.0 .
2.0F
< 10f .
2 10r ]
X b\ Qeeeeeeeeens ]
S 4
& )
o5f i
o <
0.2F
O A i 'l 1 1 1 I 1 1 1 A 1

Cs Rb Ba Nb K Ce Sr P 2zZr Ti Y Sc Co Ni Cr

F 8N ERMABEREARTORDTEMEN 7 AL DONTD
JR-1 X BHB 2 — v,

o
20 @®:AYC
A

>e0
[%%]e]
PRZ

50

N
=3

Rock /JR-1
° o
&
Rock/JR-1
o -
& )
T

£ 9X(a) BILAMMEFHATHERE . 2 9X(b) FALAMIMAIUACEEEE k1L
KRR PO KRB Y EHFILI2) = Sy JR— 1
ZOWTD JR—1IR XL AHE X BB E— 0
182 — Vo

o1

Cs Rb Ba No K Ce S P 2zr Ti Y Sc Co Ni Cr
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D
2)
3)
)
5)
6)

)]
8)
P
10)
1)
12)

g ® X #
N\EE—  BERYEFHERHE N1l (1962 ) 31.
}\E%&%——:%%@z 42 (1958) 64.
BFE— B 65 (1959) 725,
R. W. Le Maitre : J. Petrol. 15 ( 1974 ) 403.
C. Harris and J. D. Bell : Contrib. Mineral. petrol. 79 (1982 ) 107.
T. Yoshida, H. Fujimaki and K. Aoki :Sci. Rep. Tohoku Univ. Ser. M 15
(1981 ) 101.
A. Ando : personal communication.
D. F. Tuttle and N. L. Bowen : Geol..Soc. Amer. Memoir. No.74 (1958 ) 153.
W. C. Luth, R. H. Jahns and O. F. Tuttle : J. Geophys. Res. 69 (1964 ) 759.

H. Sato : Contrib. Mineral. Petrol. 50( 1975 ) 49.

FARFEH, THRE, & FR BFEAIRERE 17 (1984 ) 169.
KSEES, SHRE, HFAH I HEFHHESE 18 (1985 ) 189.
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At E L ~< v 2 R8RS T o B RIS
B & O IR BRI A O M ERIL F AR

BARIF, P
BPURE - KEEZ < HHRE" FEAH K

§1. LI

EEEZ, de b K %5« BEBERS OLER R OBREZLH,H D, REHROWED
FALDE LA RLOODHHD, T OBET, B~ ARBAREE R, FBRBREC &
PEAOL T WCEBECHDNL T VI YR EBGRBESE DD VO AFARKET L L R
Hllo ThOEOEAR, ThEITREMIAKE S LTEREAEERIDDbATWIgh-
b, HLVEREARIh T e oThHH Y, BiltoBERC KD 5 BBEREY O~ v v/
U o — VICEET A TS RES R & ORI L - TEBEXKOMBEREOMPIC S ni b BEELE
BehbdnsELBRS,

b OBEAROWT OISR TR AY , SENIME RS DT — £ & iz T A
DHEE B L OB s O MBRAL RISV TR <5,

§ 2. BREHEOEAFNEIUMBLEMME

BRI OS5 MAIEAE S B R b h T35 2 &, Ehd THIK « BE - BERBEO
P R TR | % EfkE L CREE 1500 — 2000 m IET 5 2 &, i3 Bmoma s
S OESCWEDOAKEL b THCEREDATHAZ L EPBERTHLEEL LN T X,
K, BRI LRV LRE STV Ih, TORRREHIADOEROZ L2 &0
FHELVERFRRRIZLT LSO TR 5 Too BEOF LWl EYENT b BN
mree? it & h&fﬁ‘%?ﬁﬁbih%ﬁ?\" v %o Dzhulfian 8 X O'Dorashamian I tbd b & &5
B mie X vt

Bt Bl d « FHAERB I O\ TORREEN D 5 TR Ritds b OHERRE
EMOWBE X HEE TR, £ OTRBIE > THRIN T 5, BT, FOEMHRE
BoNBEZRTIEACZ LWESHEESTE? S, SMEORELYILAERT D S I—&D
A, B DU RBEMEOE L S IRRRII BT > 1o b B2, £ 0 &5 1Al A
BTBXRE & XAE. FELYY ORI L uE, it b~ o REEYIZ, BEXD
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b IR D L AR — D o T RMARHEREY L B L T, #HREOME DO RIS TH
EH LWL EWLbhTh b HFLY L, HEEPOBEMIRELBILYTH O, BALMIAF
BRI L ETEL s sl Te, T, EEST 13, BRPBRHHTIE, $EHOX
MRIFRGTH O, BEFOLDITZEAERT T oH1 PREGGEZLTE, BB LS
T EGP O BN BB ZCHERET S EFTIE L, £ LT, HAHOHEBEIEDT AV R
FREBEEIINThE A OXSHEERL, —6.8% 0H—32.2% FTETEIEND, Zh
SIEEEME AN T T OEBICHE S EMREDOLDOTHLE MR LI, B, $8LIIKE
oYtz &, U, ThiZMBET FTTHBLALEEBCADNDEEL TN EmE My,
B DDELBAT B &5 ICRITHIBIE CHERE L 1o BUBRORERLE 5B 2 7o 5 70l Zif T 25 %
F BBl LTI BRI SRR S0 L, 0 ) EROAERID L BIRE DS
VO & AR DM (1 K I DS D 5 e E BT B X BICAHL S [IBETT
FOREEND, HHE L0 LN OEANRTHTH - e i, HEBRYFORBK IS
DBETHTH-T& LT b,

§ 3. EHMBERSBLVRBIEEDENR SIS

SRR L RIS D L BRI A Y, F& U TERIRKERT RO b H O
P TOERBVCOBETH LY , WEMKOBRMETL0E0, EMLDLDATL S
L OB LUTHE « EEEL L OTIRR . SRHBIEE & RIS ZIEWFRNC LR O
Hh HbEBITH D, B, REETOMOENOBE S x5,

— e, BEEE 7o BBE T phosphorite (K4 ) & 5\ i phosphate rock (IS ) &\
s b DRI O & A ¥ 2 THBRE b BB & DT, P,0, 37 % Ui st b o
%3TH, Pettijohn, Bentor 513 P,0s 20 % M E (KA EFEE0% £ 954, P,0;19.5
% &ic ) B ETEA R E TN phosphorite EEFE L TS50 1 SERE 35 TE K
DEATEP,05 17.THBWETHHDEH ), Pettijohn HDEFET 5 phosphorite [TV
D h b phosphatic & T h D b DM S & OHKES T bo ARTIEP,O0;h RS —
vV P TRIF2HBULEDS D SHBIEE L WS LT 5, BRMPOSHMIES R L UR
BRI OV T, DSBS, /Yo, A, BELUCAL 70 4>0H
CHEIRTH5Y, AL, ZhALHEEOMOBWEIIHBITH S L, SHMELIL/ Yo
—VBIUOARAL TESL, BAA TIRRBESEN* % &%, CAA TIRBREE DA TH %o

DL D I aRmE s R RIBE Y, WHEIK OB, EHREAEE SRR OB E &
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OUA F IR BB BRI KX O ESBKFHTRE P b ET S 2 L PRI N TV o

§ 4. SHBIEERSCREBIESOERSMEFERDOREH

BRMEE OB oL T, TTEE OMENRD D, T, TEMELEFRA

X DBKM OB BT ICRET 2 EHMIEE B L ORI & Tho 2 THEEIC PV TO

ERS OB OV TR BRC#E L o SEH b, B O BKRYR Eil B LOR T
B1E OBKMEE - SBBEE B L ORBIES OF B B L OBE RS K.

1 2 3 4 5 6
S'iO2 58.05 60.90 29.56 22.72 n.d. n.d.
TiO2 0.87 0.75 0.25 0.23 n.d. n.d.
A1203 17.28 17.55 8.65 8.10 n.d. n.d.
Fe203 2.34 1.14 1.41 1.21 }5 - }] .
Fe0 5.92 4.41 5.53 4.86 :
MnO 0.10 0.05 0.06 0.82 0.42 1.49
Mg0 2.99 1.93 2.39 1.84 1.33 0.51
Ca0 1.46 0.68 24.87 30.64 13.85 46.61
NaZO 3.21 3.34 1.14 0.65 2.89 0.56
K20 1.99 3.44 0.71 0.58 1.90 0.48
H20+ 5.00 5.22 4.76 3.39 n.d. n.d.
H20— 0.63 0.44 0.15 0.13 n.d. n.d.
P205 0.16 0.15 17.73 12.51 0.22 0.08
F 0.05 0.09 1.40 0.69 0.05 0.01
CO2 n.d. n.d. 1.15 11.15 11.02 37.46
Total  100.00 100.00 99.76 99.52 - -
-F=0 - - 0.59 0.29
Total 99.17 99.23
Ca0" - - 23.45 17.08 0.14 0.05
Ba 324 482 190 119 227 246
Ce 36.1 74.4 956 534 23.6 16.3
Co 20.8 12.7 5.9 12.6 15.8 3.0
Cr 70.2 51.4 42.9 34.1 41.4 3.6
Cs 3.39 9.55 - - 4.22 0.50
Nb 6.1 14.1 4.4 4.0 3.7 1.2
Ni 49.1 27.9 18.7 28.9 26.0 2.1
Rb 67.0 120 27.3 24.3 60.4 14.8
Sc 16.9 12.4 7.9 4.3 14.7 4.0
Sr 215 112 1003 770 439 323
Y 25.7 35.1 837 692 18.1 13.9
In 78 79 74 83 43 33
Ir 120 196 75.7 85.7 167 22.8

*Total iron as FeO.

Specimen No.

Major element analyses

1-2;XRF 3-63;S.Kanisawa

(wet analyses)

1; Toyoma shale (T—41). 2 ; Toyoma shale (T—66). 3; Noudule (UP—59A).
4; A type (OP—3). 5;B type (UP—4). 6; C type (UP—56).
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WOEE 2 (UT—41, UT—66 ) ik 2L CIHEXEXBIELC L 0 250 e T £, R
R EAC OV T LA R TR e R OB 7 1 7 v 7 A L OEE T
BOHMEIE I & > TREBALEEBROGHT 21T - oo 88 1 RICARRR IS HEL R To ERFICD
W ORI Kanisawa and Ehiro? i@ L1z 5 CEtihd %o

(1) B ofbmm

B A OFARIE, RRAEINTHIERLHETEL S L CaODPINT LD
BTHO, —MIINa,0<K,0 T, Na,0/K,0 Hidh b Wi XaktE~ /v MaEM
FEOEEIIF—HT Do TRSHEDOEICIZFeO*~MgO, CaO—MnO, K,0—F i 2T
FEoMHERALS WD, F1-, MgO—MnO, FeO*—MnO DORIIC 55\ 72 HIEMBENA bR
bo XLIEBGEEOHEBRIT TN L B > TESM B DR b 5 D
n, FeO* MgO 5LU'MnO DEA L K,0, F OHIMH A NS, P05 (1l OBR{LY & D
itz s A SRR LD eV FELPE RN TO 2RICARERCIREED Y RES
HERIZEAERD S NT, KODKEHFE< MY v 7 AROBERICHKT S L DEEZ
bhb, Lich->T, K,0—F OFAHEIEER+D (OH)DFIRLHEREHHLHL Tk
BRFEEPTDOFeO* MgO, K,ODHEnEEE/LY, BEHMOMEOEEE X b,
FrH 512 I I T R R KB S 5 T & E 2 oy, s b L - TOFeO,
MgO DA & K,0 OB BRI E S OHERRFIC B510 5 BB D KIS DAL R & D 17
At S THTD TR D B DBECELL foh F 10X BALDREIC AR, BULR OBFD ST L
Tl &R R 5 Db L,

(2) SRR B X ORERE S OIL ML

SHBEE B ORBEE T, Bl HEE TE L R - 1B EHE L T 5o
FFHR D /U o — M E— I FeOY, CaO 5L U'R0s I & &, & hicx LTNa,0, K;0,&
K, ODIEFE A E WD Efl A & D0 MnOZRRiEL 2 H, HRENTEH, L1
REE DB HAIL T& L mAEMERT, COFA, BRLIUCAA 7L, BT
TORBIEFH OV EEREL TS, ESITOKREY A 5L, SI0, DEINTLI-H
WV ALO, B3I LT\ %, FeO¥, MgO % #i1d %71 Ca0 A 350 AT NE Z L3P0
OEFMN 17.7~0.47T Bieblc - Tk H, REOBEBEAD 0.2 BHiELENTEPE - T
W ETHO, BIRUP—59AD /Yo —ME/ VA EEN DBIKAD 2% IET S &N
Bho RBIESHDORIL 4 DDE A T OHRTIR LD\,

A2 FRILEIC B AR L, ZL< FeO*Its 4 CaCO iz LW b Db, FeO™C



407

Z1L<L CaCOics b DETH S, MgOIXKE e ZIR S feu DY, PO & Fid JAW MR
LAY, P03 12.51~0.38 % hithb, Na,0 & K0 BEERCHENTEL Ak,
EHRKELEHIMIORETZETH S, Si0, DML, 285 EfT-Tcd D2 T
13.90 % ~ 49.42 B OFHIC bic > TH D, /Ua—EEE, Si0, D LizAy, Al,O,
DEIINE CaO, CO,DWAHHE ND, '

FEPO;FWFhd /Y=, A, B, CZ1 TOETHEALTWEZELPHLNT R
Hh, FRERDEEEILF 14000 ppm~ 85 ppm, P,0s 17.73~0.09% O LW EHEILH
fo - THERMERBRIRD DN D, & DEMRILT » BREIKG (Cas (PO F ) DIL¥-EH{E,
Tabb, F/P0; =009 i3F—HL T 5%, FAEOEEDP,0,—F Bfk%F—X Lic
Ty bThE, EOBKR(F/P0s=0.09)m 564N, LOFREGHBREFLT TRy
FXNDe COT & ITEREREE~ RIS TIEF & P03 7 » RBIKE & L THAET LD
L, HAPFTHHEKAL ) WBERLECIAFOFSNKENCEEZRTEDTH 5,
MnO— CaOOBIER S IEOMBARL, & hbDORSIEFe0" MgO & @i / Vo — LTt
Do B, BBROL S, FHMEARLIUORBIESSZB LT, MnODEHERIENLD
IREEFRIC 7 553 CaCOs Ik 35 MnCO; DEWF IR Tho 21 7 THIZIF—ET, hiEoD
MnCO; #BEBEL T2, BEDESIC, /Ya—, A, B, BLUOCLA 7%#ELT, 1t
R DD B b D ORI DEE e & &5 4 T3~ DB TIEADED b Do
BB ~RBIEE T BV CERS TRV HEART 4 DI FeO*—MgO, P,0,—F,
Ca0"—F, CaO0—CO;, Ca0"—P,0s, MnO—CO,, MnO—CaO DFLAETH 0, A%
~T$DIFFe0*—MnO, MgO—MnO DHAETH %, FeO*—MgO DHBORV- DX, &
RAFDOFe0*/MgO lidizis—ET (B XL % 0.25~0.30 ), £ OBRHMNET 510 THA
5 P,0s—F, CaO—F, CaQ"—P,0s DHBIDIEHICE & L3 7 » BHKENEL T 5
12T, PO, F, CaO" i ZTXT7 v BHKADERIEES L5 E%RdT, MgO—
MnO, FeO”—MnO D& HENE MnO 2GR A HIC FeO* £ MgO &I A 5T BDTidTe
<, Ca0—MnO, MnO—CO, EHEE & #icE 2% &, REEF I MnCO; & LTHEETA S
EHTRTELELEDTH S, Fic, RBELFRADRIAMBGRI LSS DEF 25, Na,y0
BIUOK0 LMo E OMBERDE D 2 &1k, T hbOEsBRBEOERES< MY
v 7 AMOBERTICEE 54 DT, FeO*, MgO, MnO, CaO, F, P,0;, CO, & (3857
LTHETBLDTH b, ZhHbDERAHD (FeO* +Mg0) DF LIHGRAICE § 150 P05
DETIBKALEE NS, (Ca0—Ca0”) F&Ca0 b R LIS O M ( BEIK A 7B
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HRERIKEETNECa0LELFI LD, THhbbREEFMORYHDOHOT LI be
Lt T, CRBOERD, /. L TRREIRE LTSS C &, AKX 7R
BNOARREC GO BRBECE L OETHEL, BIKOLHRDE N BAA
TN/ V2 —NRA R TR LTRERA A e, BIEAL DI C A1 TERED
REEETH 5o

(3) S@EEER L ORBEE O~ /I v ERBEICOWT

AR O GBI S kX ORBEA X, H/ ) OBOMIO BEEh TR, £OfEIZAEHE
DEEZ L HNBEI0~2BBIET S, 0.1 NEFREADORERS >V TUFTFRAEETER L

500

Rock/primitive mantle

1 | | 1 | i 1 I 1 ! !

1
Cs Rb Ba Nb K Ce Sr P F Zr Ti Y

IR BERHESOMERS O primitive mantle B
THBIE Lic iz —v,
vy NUEEAE B3 A A EREE O Si0,60%
BB D & @ d primitive mantle FE THEHEAL L1/
5 _ ‘/@%ﬁﬁo

FofEE, MnO OLILIZIFNBHRBIETICE TN TEY, ChbOEATOTBEAL, WTh
DEA T 2~4BOMICOFEELTWAB ZEDBE LML -1, ok, FHEZEBRKRE
BREEATOHFBOEZ D 1/10 BEOMnCO; #BEHE L TW AR T E L0,
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§ 5. BEREEERIUEHBRIEEOMELFER

WERS OBRBEMFIEIESIZCs, RbiIL& AL, StRZLVWA, TOZ &iFK,0k &4Ca0
KZ LW D ERG DR L T\ %, HEEIRKIT % shale/primitive mantle @ /%
Z—vERTESTIRZLV & BANIBIMKIIEREY , &% 3dt Bt OfEREE D/ &
—YEPTED, E<Nb DADREIRBETHSL (FI1R) THIFHEDL O #E#HIT
BEEKUER TS 1o J 203, ERSLFRBOT LD [ HEMOME N KRBT
PR L TS JEEBXIEEFRNNTH D, FoSBIOXEGRLCRET LHERDE
HEXIE > THHEETH 5o

o, SHMERIEL(Ce, YRELIDDEHD (F1EK), ZOEIFFIETRED
Bl OBEmiEE O ' LIENB L, Ce T4~ YTEI~170f5&<, & < wHill

T T T T T T T T T T T T T T T T T

(o]0} od A UP-59A(nodule)
® OP-3(A type)
50" B UP-4(B type)
O UP-56(C type)

Rock/Toyoma shale

1 L 1 1 1 L 1 1 1 1 1 1 L 1 Il 1 1

Cs Rb Ba Nb K Ce Sr P F Zr Ti Y Mn Co Cr NI Sc

B2 B OB BBIEE B L RBIES OB RS D HEE
L BHB & — Yo

DOREFEDIDI NEE LS E Y, Ce/YHLFTIETDORERED b D T3 62.3~1.35& 0
e 0 Ric Do GREIEEDCe/Y HIZ0.T~1.3 TAANEEDFNIT 1.4~2.1 =T % 1z,
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SRR S ~ RIEBYE Y D 10° X Sr/Ca H 13 5.64~0.97 T, T OHIFBIKAK L & DIzl K
X, BEBAIKEDOFHME .53 L0 dnkhkE L, UP—59A O/ ¥ 12—/ iRi3iF 42
BOBEKFETH D, CaODizs A LRBIKAEFCETNDE LMD, ZOSTIXE LA LN Cak
B KA PCHEET S DTHA 5 BHBIEE D Ce 2 YLDV TUIMMBRE B AF A O
BRETHEMT 225 R INTED, Ce/YHR Sr/P0s AL BRES R ®
BIc > THET2E 059  —HOLD TR I MHLOTRCHEHZ LLWbDbH 0D, 4
BINbLEEDTILIEETHULENRD B, SlEE s RBIE OBMELRFAERL BX
HEDF N (UT—41, UT—66 OFHE) Lok ( Rock/ Toyama shale /82 —¥ ) Th b &
(#28), A1 7TTIEPESCe, Sr, F, YRLIUMn L&A, K00\ & & % Rk
LTCs ERbAERIBZ LT EH 5B, BakLUZr, $LUCo, Cr, Ni, Sclelik
KE Ve SR LTBAA 7320 Sr & Mn CETE T, BIFFRTHO, RaDXh
L KER . CHEBA A TORBMI NG ,OLRREATED, RRADHENC & ERBIEI
MBIt b THb, CAA TOEAIZST, Mnickk, EHIZBa KPRELIMIWTH
DEFRCHZ L, BeCr, Ni, Cs v ZhiEC A1 T IERBREIEN DI ETHS
EVWH T EERRBEL T D, |

§6. HHOIC

TR R OB RBE, e L CTREEE LB E T B8, ol
B SRR S L0 hE BECHS REEE SO AITACKERT L 5, Al
B oOSBEEE ST, Wb S BB phosphorite Tk 7Y, MnCO; & s RIS
DEIEE L, T ORRBELE 2 5 L CEEIIRSE 705 b DT H bo

BT, BRI B35 & HETRH 0 8 oh o B HEHE R OHERE {7 005 R T BRI 5
UM BB 25T ST Bo — TR, TV — « < —FiEE, 77 ) HPEERS S T
B b A T ) 7 R Y o KBERIIC 50 WGP PERERRSEHERE ( marine phosphorite
Mmmw)Kovf®ﬁ%ﬁ%b0kaéhTM%oC@iék%ﬁ@%bﬁﬁﬁ®&%h
BHECH Y , BEE DT R R bR LTV Do £, COL5 BT RO
Db, BRI B0 3 HBA I - T 0, MR b — + F ) —T200~400
m, F 3 E7T60~ 120 mThH 5, BKATHEYERL 0L LB oMK TIRKRET, B
T AT P OE SRR TH B & 5 R TR S hi b DL EX HRT B, &
6 O AR TV B OB R O BB A HEAT 2 5 BT H D, T D DI
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BRETVERROWEBFR O hE OB L - THBEOHEENWEEC It 5, BiBESROR
KEZ7 o RBERAINNL T » RIRBEBKATHLZENINETRBELMCINT WV A,
MR B0 5 BIKA DU D&M >\ TS B3 2 58t ER OB - &, Ko
AT TN OB TOPH O LR DBERLBER THEHEDELDR—BRNTH%, DX
5 BT OB ROBIE LT, )7+ 4= 7 hFlMonterey B0 b 055 0, 2 h
R EHEREY S LT oxygen minimum zone fHETHRI hi-sEx bh, BFL L
BEfi S & KERIT O OBRIE L EX 5 h T 51" . —75 pH OIE T AR F D%25E Sl » ik
KTBHEVIBLH O, KPP TOBRKADERIC OV TOR—HIRMBITI. L L, EAX
I R OIRBIC & 5 BB\ P OBSE IR DRI TH D &\ 5 E LD
D—RITH 5, B OBRBHBIEMBEYE HVRROThHE 2 KB 54, &k T
FRBRIE & IHFE LRV ABEETERET S 2L, MEORKIIRL sHHERAD R,
Lichis THEBEF ORI S Mt O Rln o T AEEEA B B B, Z DD\ TIE, SERTE
RAOHE > THER LTSV,

AHIKDEGE e TREEI—RCRBECZ L, »2Ca0kIZ LD THD, &
CHDRAET HBRIEIC L EATIIE A ORECRIENIE L, BBEC LA 21 7L,
xﬂa4bEER%#%k%Cﬂ47ﬁ§&b@6:a,@5mﬂ8547¢ﬂ%ﬁ@ﬁ%
MRSBCETNL LR EDBRENL LR, T hbDOREEE IR/ —+ ¥ F DMnCO,
B DEE LT %, CaCOsPIZEIET 5 MnCO; DBITAIKE DA REEBGR L, WirT
RS Wi HERE, TOBEIAXEL kbbb T3, % f- Mn BREEEAICAL DI
BITRHBEEM T CE UL L DRBTH L EVWbRATL 12

—77, BiE~WEEEDHTL < v VRBENAERINTEY, 20X 5 kEaiigs—~<
YAYIREIEE L TRV h, $h— < v i VB ERFELTW B2 2, X5 k< v A
Y RESHLLEE « DBIETMn, Ca, Mg, Fe % 8ATHD, FRILAEHTCOWRIFR X
BADEELLNDH, FOERY SbS0 2 WENERI SR 2 T febe Bk~
O, = VIV EGRBES CHBIEERY OE &V TE, FREERO—%%
&Tvkv®ﬂﬁﬁf%éﬁ,9k<&%ﬁmm%f%%ﬁ%%@x0T&®%E%¢Kﬁv.
TRETHBRETH- 1ol &, ZODRITD HREDEEYOFENVE 2 & 7l ihidig—
HLTWBHI5THD, i, Bt OBBIEE OERBEEN LA T, BREAKA X EEs 2
LTW5 38RV SEIOBKIEF OEBEEES B X O RBRIE 2 D HBRL 00t B 13,
FHELY CEPEACOWTOMR L LEL IR, Thbb, BRREEOEREETIZR
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'Eﬁi%K%®fuk<,ﬁ@ﬁ@&ﬁ%ﬁ%f%ot&b5%%&@%%L&vdﬂkﬁﬁ
R fe B EE & 26 < 3o\ & BT KRB O BN & T hic > TO P OEEENT M
Bhx QFiehot-o & THRPI WD, BRRSBIEHRIC K X e #ER R L 2B
ANDE, REXREZLNTNBREOLS o, AL ShicNIgOBRIE X0 & KB~ Ak
BED L > B E LT ) BB TH b, Tl OBKID b OHENEEDOT v EF A b
CEORE 32 0EZRBESF T 5, L Lichth, BEAEROBCBI LT, Rtk
@ﬁ%ﬁ%pﬁ&f@t%—gwﬂﬁmim-%ﬁ#%%i@ﬁi%%&ﬁ%ﬁ%*ﬁ%ﬁ%
OB LB LTS DI ELEE S b, SEHE LBk o RERES TEEL T
ZMnCO, bR/ —+ v NeT Eruht, WROARE & HET hEhi 0 %<, Zhb ONHE
ZHALE TS EFEEC RIS Y H Y OB BERT LDV EDTHS D,

1, SEOERL OB LR LS, HERERESEBE I OME A HEET 5 O bR+
DB ITCFR OBEEN s O BRI TH Ho

%ﬁ%m%kﬁﬁm%to,%%ﬁ%&ﬁﬂ@ﬂ*ﬁ%%ﬂﬁ,WKW%ﬁiEBUK54
Fy sy IN—T DI, FK¥ESA 78 b vy Ry 42— OfEHRER, LFEELE
2T U DEB DS 4 L BT - o ¥1o, BEXBOW AT S bl b, BILKFEI
e o DREAF A I SRR fo o 1o Wb OJ 2 T Do ek, ABIFEO—EICIE
T AERIED S ( Nos. 59340054, 59470041) ZFERAIL 7o

R
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Extraction and liquid membrane transport of Uranium (VI) have been
studied by the use of derivatives of 8—quinolinol, 5— octyloxymethyl —8—
quinolinol (HOgQ ) and 5—dioctylaminomethyl —8 — quinolinol (HNgQ ).
Uranium was extracted from weak acid media above pH 5 by HOzQ and
above pH 4 by HNgQ. The supported liquid membrane containing HOsQ as a
mobile carrier transported uranium from the acetate buffer solution (pH 4.5
— 5.6) to 0.01 M nitric acid up to 95% , while that containing HNgQ
transported uranium up to 75%. The concentration of the stripping acid

was limited above pH 2 to avoid protonation of the reagents.

§1. B L &I

WM R R AR S TR AT SB A 4+ VR BRCEBRETEL b, SRODHE
B~ OIS HCBELAE o T bo BABERRICE W TISE A 4 v OB AEDRR A E
ETHY, 5FTLLOnOMEREOBXRAKL L COBEMNASLATE I BT, T
h ok y LA BECHRE S LERMEAEICE T, BEOomA,AZEOKMEEELT
B0, KE~OEEDERIC L BEOH AN 2 T T b\ LD, — W
HIC B\ TR~ DS A Fo\ s KBS TROK E WA v 25 HRE PR TRET IV
AR L pHEE L LTV DA TE L, HEDLE 8- VI FA—T—k Fo*
Y—6—FKFH/) vAFva(LIX63),? b ZFAT IV BIOBIL M) A2 F ok
274 (TOPO )Y Mv T vOlEEhs LTESTHL L BLNLC LTE S

8—F/ U/ —n (AFvV)RELABAAIh TV T CRIHERETH HH, B
H—XHEOREOSEERIT T hEBAE (e, BEEEXOBEEAL L TEANHITH S
EQOTAELERMNIMLIE T - FF2=—8—F/ Y/ —n (Kelex 100 ) (TBAKMERH
L, TAESEEH LS Al & 0, WAEOB®REKS LTHLTWA DL RShis
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Boft, 8—F/V/ VDN REXETHE-— AT/ FNAFVAFAL—8—F/ ) /) —
WOBIVS—IFIFAT I AFA—8—F/ 1)/ =" ZERL, HOMmHEZEE O
TR ChODE#EYETL8—F/ )/ — LVFEAIEREKRAEOBEL L TLHEE
THAHEELZDNE, CNHLORER LAY 7 VOR—BRAMBEEZRANIS> 2, b, &
%ﬁﬂi%??ywm%@%&LT@%%&KOMT@%LKO

§2. * E&
2.1 & -
5= A FNFEYAFA—8—F/ V) =L (HOQ) BLIUS— U+ IFAT I/ AF L
—8—%/ 1 /) — L (HNg Q) I3BERIC L12hi T ,
Hi7Cg  CgHy7
BRLL 1257 B OBER Y 8 1 ISR T, SN
2.2 ERMEEBEHEICLZYS VD& I

CHy-0-CgH,7 CH,
W AR 865356 D EBR I I TR b o IR s
AN X
LORER L 0T AEBE L AV 1.2
HNEABROERCT 70 vEISHER, 7o N7 M/
oRT FP 045 (BERBIL ) ##EE L, Thic OH OH
BEOr oy VERYBRMAEE TERARKE
B (SLM) &3 5%, HOgQ HNgQ

MR EZRC U T~ L 1107 M (=mol # 1 X Derivatives of 8—quinolinol.
_ . HO;sQ : 5—octyloxymethyl —8—
dm-s) % 7 \/%ﬁ{f%@]’ﬁ ( feed & j’ZD ) % quino]inol s
AR o COBH LB T Ol AOH FiNeQ - & dioctylaminomethyl
—8—quinolinol.
WiSER(product &9 5) DA - WA R IF
Rbo COLDODORERBI G 2EBEEE25°C OBRMIZAK, 1508 /5 TRE 5T 5,
—ER MBI feed BL0 product O—FEREAE 0, FRERD PTUD 7~ S Nal
(TI) Y vFUr—ya vho v E2—THELT feed 75 product ~Dv 7 v OBEL FHX

oo KAD pH X 1072M D eI 5 5 \ MIREBE S E R RIC L DT L 1

§3 HREEBER
3.1 H-FEHEE
R8—F/V/ —iE By 7 vOMBBBOFLE 2MICRY, 5— 47 FntFoA
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F—8—%/ ) ) —n(HOGQ ) TRHAR 2 HEVELERTe 65— VAT FAT I/ AF
N—8—%/1 /—n(HNgQ) Tit HOsQ X n{E\ pH A b Zh, & pH FETOA
AER 2 I H pH OB L L AIREEFT B E e B, ok 01 MRAEBRR L AWIHAIIWT
hORETLIHKI0® KL WAEEHIE DA,

B S him 9 VL DBRUEEE R D 5 2 LIC X D BERBICHRHTE 5o 2721, HOQ
i3 0.1 MELEDOgiEs & 3R hBE 5 &AM - KERRCEARBOERIRBD DN 1o O
R IR E W L IR VRE D L3 L A RO - TERHCERT L, JhIRARDOTHM

3 3
2r 2L /A/
/
£
/
' T 0.01 M HNgQ g 'r /
° A/A/ //
e o) > A7
o IS a L
a 0o 0 //
g < Va g e 7
d
-1 F O/ 1 / /
2/ /?QOIMH%Q Q- /rm@
-3 1 { 1 -3 1 1 Il
2 3 4 5 6 -4 -3 -2 -1 0]
pH log [HR1]
# 2 X Distribution ratio of uranium as # 3[X Distribution ratio of uranium as
a function of pH. a function of extractant conc-—
O HO.Q; entration.
AN HNgQ. (O HOsQ, pH 4.7 ;

(N HNgQ, pH 3.7.

ERMTIEE, REO T o bx—v s VI ABEREME T CHREHBLIcEDLEZD
N5 HNyQ OB HOQ I~ TL 0 pH ik (pH— 2)TI TR 7\ b X~ =
ViRE BEBDLNAROBENED BN T,

REREDY T Y OSRIEAOHELE 3KICRT, HOQ THMERE CAR 2, MEREH
ﬁ?@%3mﬁ<t5:a#5,75y:a¥ﬁ1:2a1:3@%%&L1mm§h5¢%
zbhbe
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—7, HNgQ TikEBEEHK COARR 2 # /R 3 HVEREFRR CIIARIIBY T5%, thZ
NEEOSEEPFEIND LB 2 DN DA, ARH 2 EWEER TR0 RKIG A ZER & 4
7o¥ Bo

UO3%q+ 2HRyy === UO,R, org + 2H* (1)
AACRIC D & DM PHEREERT — 20 DRMS L, B LE HOQ T Koy =35
X 1070 5 L0 HNgQ T Kex= 4.6 X107 & 75 ) HNgQ D A 2 Hik ¥ fe i ER A R L, ¥
FVRHLTLDEN HERETH LT LN DL Bo

3.2 HOsQ I & 3 Hik B2

CRBLD8—% /) ) —AFEEREAE UOREERSE Y75 2ol O Tite
B F & OB ORI Tk 8 DM AT EE I X 51, KEA A+ VIBER RS Lisdh
e bic, ok 2iE, 0L0IMHOQ 7oy VR ELWAEY AV A841E, F1KD
R % 4 LI feed % pH>5 %510 product fil% 0.01 MASEE & -4ud EZO R & ki
HOGENH - N5,

CDEHTTDY 7 v ORBEREDORERLY F 4 IR d, ke HREAETICONT, feed
Y5 v OEEEEA L product HI~BE LT3 2 & Hbh b,

22T, feed KLU product DY 7 vV OEEIL PU O r— HHEDOHTEN L RHT-H D
THhbo —H, EVIVELLINOEKEFOY 7 vELEF R DI BRI AT
BADERI LT, BHCBRETSY 7 VORAY REVE AR SR TRLTH Do e 2

1.0 . . "
/
o—°
o/
®  Product
)
S o)
c 05+ °
o
K] o
w ®
O\\Feed
___________ Ongcmcmmmmmmee__ SLM
/ \O\o ______________________________________
[o] | Q. L Lo
(0] 100 200 300
t /min

2 4 Transport of uranium across SLM containing
0.01M HOzQ . Feed : pH5.1, 50 cm® ;
Product : 0.01 M HNO;, 10 cm®.
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1.0
o
\o
\O Product _
roduc .
2 \o /./
kS \O .
e 051 \ .
o g/
3 >
* 4 . Feed
/. stm
ol o<z-"TTTTTTTTTTT
/./ _____________ \O
— T
0] ' | |
i 100 200 300
t/ min

# 5 Transport of uranium across SLM containing
0.01 M HNgQ. Feed : pH 4.2, 50cm’;
Product : 0.01 M HNO,, 10 cm®.

¥, SEFEOEE 5T feed DY 5 VT EED 0.1 BLLTIRAET L95%IL product fHl~ ¥
HI Sh T de L, HBEBREKMARE (SLM) R 5 ZRBEDY 7 ¥ H5EF L T2,

productfll OBEEEES 0.01 MBS (10em®) KD, HEHBER LU feed fild pH ZZ1L
SET, VT VORBEREL AL OERLE | BT To 2h0T OBEEETH ( ko)
i3 feed flov 5 VEBEOEA L DR TREN S,

# 13 Transport of uranium (VD) across the supported liquid
membrane containing HOQ at 25 °C.

[HOLQ] pH D obs (UJp/(U)s Recovery
M u s 5h %
0.01 5.10 3 5.5 x 107* 1600 95
0.04 5.10 190 6.9 x 107 950 95
0.10 5.10 2000 8.1x 10 860 92
0.01 4.47 0.4 41x10™* 870 90
0.01 5.59 20 5.8 x 107 960 90

Feed : 1072M acetate buffer solution, 10°M U(VD), 50 cm®
SLM : HO4Q in kerosene/Fluoropore FP 045, 26 cm?
Product : 0.01 M HNOs, 10 cm?®.
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T, BLO W, BEhERN feed DY 7 VOFEE R X O ¢ (sec)k: > #
DBRETH 5o

B1RCRTEO, pH 510 Kff-> THERES 0.01 M2 b 0.1M AZL IR BE,
W — WP DS ELHIE D=3 b 2000 ~EEEE L Z0IN L, BEEHIT kps=5.5
X107/ b 8.1 X 107 WhTMILs 1.5 fFICHMT 5, EEDBAKBEOHEIBH TN
W SR EBR G

FHEAERESY 0.0l MIZ—EK L, feed @ pH % 4.47 75 5.59 AL IR T ks fl
41 X107 B 5.8 X 1074 iImghind 54Xy

DX S OERSEME, Thbb, feed il pHEE L OHEEEBENE S TL, 77
v® feed 22 b product ~OBENI T W EBEELZT W2 ERbhb, bickic, 5EHEIE
E 5D product & feed DV T VRBEDIE LS L, BIEOESHERTI o>, EHgk
HHRESTH Up/Ud i 10°RIEDER & 5T b Thb b, 77 VIHEREFERD DS
BEEBADROCEDEEIN TSI 2R LT 5,

BT 7 VOBERKINZECEEE > TWDEH, Zhid 0.01 MRSEEIC X 53 A A+
DitchsE2LNDL, L L, BREY LIPS L3FEDOT o br—va vEL LT
E D, BEEOEIMIIFHNL D2, LT R X—v s YOREL I TLORENTS
M TREI HIE, BIREOH ELRNETHS 5,

3.3 HN:Q IZ & 3 ik

W — BT B W T HNGQ 127 7 VICR L T HOQ L DERV AT H %, 0.01 M
HEAEZEL SIMI LD pH 4.2 DY 7 Vi &1 feed BN D 0.01 MIBER~D V7V D
k%5 MICRd, feed IOV 7 VIBEDE TR LU product il 7 VBEDOBEMNE &
W DEET HOQ DB AL DB Vo bIHIIRE SBTLH A~V hDT F VA feed il
K- TED, $71- product ~BEL 107 5 VIZWT0% THEAD L e, WEESCEY 3
BT VEABHMZ D LTI Do HNgQ DHAEIE HORQ I H~TL D &V pHEE T T
7B bRr—Ya VREBEADNDZEOUBYETE 200, BARKIREWTH, HNQ
D—HRT e hR—= 3 VLT, BRCHG L IHGERBENMET LW IBANS L, ZhHD
&b, &L product DEREXIE T LIINETH O, TBEFRBEYHTIL1IZS
W A R SR 5 C Do C DX D ICHARE CREEE O E OB <, %
DI EXFRBICHINS <, HNQ 127 5 ¥ OBk e LT3 HOQ I H& > Thob &Ls
Z &5,
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§4. & P O (I

ESFREDOS—AVFAAFIAFA—8—F /1) /=L (HO,Q ) E pH b 5 h b ¥ T v %
HTE, ¥ aBMEEECKT S Y 7 Y OBEAKE LTLAEDTHL ZEDRLI LT -
tro —F, 5= VA IFAT I AF—FEE (HNQ D 1T HOQ £ 0 b{E\ pH HUEA L
I VEBMBTE RSO0, REOT 0k x—v 3 YORbHHCEvRB D, VT VO
AL LT HOQ KkE B EADN D,

WFRhOREOBELBEOH I L BBEOH Vi C &b, pH2 B ETHr¥hh
MATRE s &R A A VieK L T s s L TOMREIEIREVEEZ b b,

AR Hi- 0, BU OB 1o & LI /ARSEB BEE, PIANMBRD T RO0
LYV I NN—TDH 2 EHBE L £,

e z X oy

D KRR fbI 41 (1977) 178.

2) K. Akiba and T.Kanno : Sep. Sci. Tech. 18 (1983) 831.

3) RKERE—, BEHEE  REMPIESRE 16 (1983) 105.

4 HER—, BARZ RSP EFHRSEEESSE (1985) p. 65.

5) K. Akiba and H.Hashimoto : Talanta 32 (1985) 824.

6) ANBALTER, HEMET, BEIEE, PAEE, WABE  BeRs ittt mas izl g
# (1985) p. 137.

D ANBALTZES, R, BHIEE, PREA, WABE SRR EUELHERERR
(1985) 716.
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Pu o # &

BART HEE &5
FUITE - BBEA « BEREZ
VerefP s =ERIR I Bk

§1. #
RS AFETIHMED PuBo a BB OEREIIY, BEHEHENSEENART R THD,
SR BT - T BAITTHE DR BETH 5o Pu OFHIBEI LTI, BEmERE+
AR LIS\ 2Py K h L —4 & LTINS 2 H5E0 R S BERTH D, IR RT OB
BERAHEN E < = 2 TS FOFEREA IR T B Lo L, *Pu i3 BAaEHTE ShTh
b3, AN 2.85 F & KB Tod, BIEEN I TR TS TILELRD B,

2Py ik, PNp (£,,,=225h) DIRKTHEDT, *Np (7, n) KIEI & > THETE
50L#L,mNp@E&Em@iOE%E”WP@%%&ﬁ@ﬁﬁ&ﬁ%?%@f,@%@&
SEERMH P Np (KU PPu) & RARCAERT 5, * 2T 2Pu OBSBET % K 5 —
ADAFH BRE LT, ®Np #HIBBAETFCRHL, *Pu OERKE RO f - T4h
T O E LR T 55T % 17 - oo

uj

§ 2. BHEEAMOES

Z—ry MERED ®Np 1, FAEER,DERS N, *PuoBBCLHAV-Dh b, Al
SNTNE P Np F+Ho e EERYZT CROY, £ 0B Pu FMEL KA ELTRS
LLE&EATW S, #E - TR 2°Pu #1825 1E, #—47 5 b P Np 2+ KB4 5 L8
b 5bo

PTNp OREBIL, 5 1RIR LIS A VBRI L 0V 751 6 MESEE TUEE L 7ok 1 A
vae#afstlg ( Dowex 1X 8, 200~400 mesh ) %\, Pu, Pa, Am, Cm %&{ Np (IV)
D 6 MBREH A > Np (IV) & Pu (V) %W &4, %K\ T 6 MBRE% 400~ 500 ml % LPa,
Am, Cm #BRFE Ltz D, 12MEREFI15m] %9 L I 12MIERE « 0.1 M NH,I 60ml
T Pu MR TCHERE LT Bofc Npid, 1 MEMLOm] TEHEEE L, D14 vy
BEA#R L, 20mg D& —7» PP Np RILEEh 5 PudBSEREN 1X 107 ci LTI
LECHEL .



422

TV IIHy b Np—237 29.3 #Ci
(40mg)

Pa, Np, Pu, Am, Cm

Ry MU=k

2M HCI 10ml
—-—— 10% NH,OH-HCl 1ml

-  6M HNO; ~5ml
Np(IV), Pu(V)
12M HCI ~15ml
Dowex 1 X2

6M HNO, (200 ~ 400) Fese
400m! | 100mm ¢x100mm | 12M HCI

] (7.8ml) + 0.1M NH,I ~60ml
NO3

Pa, Am, Cm

I

‘ 1M HCI ~50ml Pu (Tl
Np (IV)

|
AREMWME | ~5ml
Voo U

A

47 mm¢0.1 # (RT7THA X)
Za—=JVRT T4 Ex—

i
HHE

H2EHA

I
B v NpO,

1K RSHHRE (NpO, ) D,

FEOXSBEH L Np ik, Vo VEBENER S L TRAFBL, ChE AREBICANE
S CnBEESE{L L NpO, & LT, AEBREZHA LRSS L,

§3. B &
ABERNTVWD B Np (7, ) RIBDF — 223 L Dl Dlcsd, BTFOAL = /LF —25MeV,
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FHEHA 160 #A T 5.6 REfES L 7o, BEHETH, MO r RUELZIFFETHRL, &
S LB TE & PN DERE RD 1o BEIY, 7T R RPN LRE L, 4
ElORHTIL, BHABMCETORF I LT Y ANREBRCB LN - 1oDT, “Ba AR
SHeER 2 HHE L LT P Np B LU O S AR O E R OMRHES Kb 1o, BDHKE
DEBIERT, BRAMOBELT - 1Y 8B 1RE, SEOEBRTHE S WS 2 LR
& PNp OARE (R TH) D RAR LT $ic, $ 2 Kiid, 4 E0EBRTHE bhi: “Ba/®Cd

1k FEFE TR FBMeV OB

FE BT EERIHNEDH,
X £ B E X Wk fE??
"Zr/"Ba 0.96 1.08
Mo /*'Ba 1.11 1.21
18Ry /*Ba 0.94 0.92
115Cd /14OBa 009 _
12ISp /1Ba 0.27 0.30
121y /140B 1.02 0.90
Z6Np /!"Ba 8.79 —

DERL (BROBERSD peak to
trough ratio ) %, T #RT K /L F DB T T T T T
KL LT, k™ & LOR L

Bl B2RCADNDLHIC, AE QSWMJWQZM
this work

BRiERII ST 2), 3) LB —H LT 10 1= -

5o |

26Np DAL 'Ba DAREDK
8.8 5 TH Do GHIT, ®°Pu & Mk
L, BHEOFMA T o Fio,
IR TRV FERE LI REZITI,
Bopu BEDORBREXBHTLTFET - ]
H5bo

Yield ratio

101 —

1 1 1 1 |
10 15 20 25 30 Mev

Maximum energy of bremsstrahlung

# 2K peak to trough ratio for the
photofissions of #®'Np.
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