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A study of ”C (v, nn) reaction
at K,=32~100MeV

S. Ito, O. Konno, K. MaedaT, H. Matsuyama,
T. Sasaki, T. SudaT, Y. Sugawara, M. Takeya,
T. Terasawa, M. N. Thompsonﬁ

Laboratory of Nuclear Science, Tohoku University,
Mikamine, Sendai 982, Japan
TC’ollege of General Education, Tohoku University,
Kawauchi, Sendai 980, Japan
TTSchool of Physics, The University of Melbourne,
Parkuville 3052, Australia

§1. Introduction

A series of (7,N) and ( 7, NN) measurements on light nuclei has been carried out
using tagged photons. The main purpose of these experiments was to investigate the pho-
tonuclear reaction mechanism above the giant dipole resonance {GDR ) and below the
photopion threshold. The phenomenological quasi-deuteron model (QDM) has been found
to provide a reasonable interpretation of most of our experimental results on ( 7,p),
(7,n) and (7, pn) reactions. The measurements of ( 7, pp) reactions"® have been car-
ried out to investigate the reaction mechanism further. Since a pp or nn-pair in a nucleus
does not absorb the dominant El radiation, the main reaction process for ( 7, pp) and
( 7,nn) reactions must involve a photon intertacting with a pn-pair in the nucleus, fol-
lowed by re-scattering of photonucleons due to final state interaction (FSI).

Several ( 7,pp) measurements have been done with tagged photons in this energy
region. Both of the angular correlation of the two photoprotons and missing energy
spectra are consistent with the quasi-deuteron calculations including FSI simulated by
the cascade model®.

In our previous ( 7,pp) experiments'?, the photon energy had to be restricted to

higher than 70 MeV because of the high proton detection threshold (~20MeV). On the
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other hand, in a (-7, nn) measurement, the detection threshold for neutrons can be set
much lower (to a few MeV), so that we can measure the ( 7,nn) cross séction over a
wide photon energy range.

This paper reports the first measurement of the “C( 7,nn) reactions using tagged
photons. The purpose of this experiment is to get spectra over a wide rhissing energy
range and to obtain the angular correlation between the two photoneutrons over a broad
angular range. The results are compared with the results from (7,pn)and ( 7, pp) reac-

tions.

§2. Experimental arrangement

The measurments of the *C( 7, nn)and “C( 7, nnp) cross sections were performed
at photon energies between 32 and 103 MeV by using the photon tagging system of the
Laboratory of Nuclear Science, Tohoku University. A schematic diagram of the experi-
mental arrangement is shown in Fig. 1. The collimated photon beam had a diameter of

about 40mm at the target position and the tagged photon intensity was typically 2X 10°
/sec.

Beam Dump

(water\

NE213

§§CICCIOIS

$888
Live
target

PL right
etectors &

PL detectors
(not analized)

detectors

Photon Beam

— E=ET Concrete

Im
Fig. 1 Experimental arrangement for the “C( 7, nn) and (7, nnp) measurement.



Liquid scintillator NE213 was used as
the "“C target, which acted also as the pro-
ton detector in the *C( 7, nnp) measure-
ment. Fig. 2 shows the live target, which
consisted of four cells, each 5.7g ,‘cm®
thick. The use of liquid scintillator al-
lowed separation of photoprotons from
the background electrons by the pulse
shape discrimination (PSD) method.

Photoneutrons were detected by groups
of liquid NE213 and plastic scintillators,
covering solid angles of 150msr and 1.1sr,
respectively. The detection efficiencies were
set to be equél for each group of neutron
detectors. The arrangement is shown in

Fig. 1 and sectional plans of the neutron

229

| Photdtube
H1161 ‘

Body NE213 Teflon Pyrex
(Smm Al) plate glass

window
(Imm Al)

Fig. 2 Live target. Top, side and front
views.

El 2 §‘-\\’
mm|N

@ g EE

—_— kYL\-

Phototube
NE213 (R1250)
150 cm
(b) 20 cm
Plastic Scintillator Phototube

(9 or 6 cm ; thickness)

(R1584)

Fig. 3 Neutron detectors. ‘
(a) Liquid scintilsator detector (NE213).
(b) Plastic scintillator detector (PL).
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detectors are shown in Fig. 3. In this paper, only ( 7,nn) events where one neutron was
detected by a NE213 detector and the other neutron by a plastic detector (PL), are pres-
ented. The angular correlation between two photoneutrons was measured from 25 to 125
degrees by a combination of NE213 and PL. and from 140 to 255 degrees by NEZ213 and
PLiigns. The PSD method was used to reject gamma rays in the NE213 detectors. The
time of flight (TOF) method was used to determine the energy of photoneutrons and to
reject the large numbers of prompt gamma events. The pgth length was about 1.5m. The
timing resolution of the TOF method was 1.5 nsec (FWHM).

The trigger for data-taking was the coincidence of signals from a tagging counter

and two neutron detectors (see Fig. 4).

beam
NE213 Vot e
[ plastic OR
—— o ,§
iron = g —
B 20f4 nn
#2 % —| Coin Trigger
/ S
X2 nnp
Live AND Trigger

Target
(NE213)

Fig. 4 Block diagram of the data acquisition.

§3. Results and Discussion

Those ( 7,nn) events, where one neutron is detected by a liquid detector whereas the
other by a plastic detector, were selected in the analysis. We analyzed events for photon
energies above 41 MeV, corresponding to the minimum neutron energies in NE213 (TMeV)

and in PL (6MeV). The @-value of *C( 7, nn) reaction is 31.8MeV.
A TOT spectrum measured by a NE213 neutron detector is shown in Fig. 5. True
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Fig. 5. TOF spectrum of events in a NE213 detector. For each measured
event, the common start for the TDCs was taken from a electron
detector, and the stop signal was taken from the neutron detector.
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Fig. 6 Result of the PSD for the events in the true neutron region of

the TOF spectrum shown in Fig. 5.
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Fig. 7 TOF spectrum of the neutron events selected after PSD shown

in Fig. 6 and in coincidence with tagging counters.
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neutron events range over the shaded region. The result of the PSD of these events is
plotted in Fig. 6. Neutron events can be clearly separated from gamma events. The TOF
spectrum of the neutron events selected after PSD and in coincidence with tagging

couters is shown in Fig. 7.

oL 2

50 [ + C (V,nn i
40 [ 7]
30 [ +

Yields

20 [

10 [

0 90 180 270 360
0 »n [degrees]

Fig. 8 Angular correlation for emission of two neutrons in *C( 7, nn).

1
]
Y 0
6, =l6 -0,
e

Fig. 9 Definition of the angle between two neutrons.
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—
> 37
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. .
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=
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0 waia ot ————
0 90 - 180 270 360

Opp [degregs]

Fig. 10 Angular correlation for emission of two protons in *Li{ 7, pp).

The angular correlation between two photoneutrons is shown in Fig. 8. The angle bet-
ween two neutrons @,, is defined as in Fig. 9. It turned out that many backgound events
were counted by the plastic neutron detectors near the beam dump. It is difficult to say
whether there is a peak around 8..<45°, because the background» contribution was not
adequately controlled. It is worthnoting that the yield for .,.=90° is larger than the
yield for 6,.= 180°. This tendency is very different from the previous *Li( 7, pp) results®
as shown in Fig. 10, which has a large bump at 6,,= 180°. The same angular correlation
was also found in "Li, 9Be( 7,pp)"”. One reason for the difference may be due to the
different detection thresholds for protons and neutrons. The ( 7, pp ) measurements
missed the data at low E, (tail of the GDR ) where the reaction mechanism may be
different. Although backgrounds are not rejected completely, Table. 1 shows the

variation of the yields for .. =90° and 6.. = 180° versus the threshold énergy of the

Table. 1 Variation of the yields for 6,. = 90° and 8., = 180° regions
versus the threshold energy of neutron detection.

Energy threshold (MeV) Yields
NE213 Plastic (PL) 6. = 90° 6. = 180°
0 0 119 32
7 5 36 12
10 10 20 10
20 20 4 5
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neutron detection. The yields for the two 6., regions become comparable at Ey~ 20MeV.
Although the ( 7,nn) result resembles the ( 7,pp) result at Es ~ 20MeV, it seems

thare are still some differences between the two reactions.

§4. Conclusion

In summary, the angular distributions for the "C( 7, nn) have been obtained in the
energy range 41MeV < E, SlO3MéV. A larger yield was measured for 8,, = 90° rather
than for 6., = 180°, although the statistics and energy resolution were not good. The
angular correlation for emission of two neutrons is substantially differenct from that

for emission of two protons in the ( 7, pp) reaction.

References
1) T. Suda et al. : Res. Rep. Lab. Nucl. Sci., Tohoku Univ. 24 (1991) 38.
2) S. Ito et al. : Res. Rep. Lab. Nucl. Sci., Tohoku Univ. 23 (1990) 1.
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EZto RITICBAY BEROMIZE Y 5 B,

XHER1) TV co 0}, BBz 3 VF—2#21MeV D& A1 DD T, T
DT RIVE—E, 2O T MeV OFPHICOVWTTARZLENSH 2, 2055, LOMBE
AR DD I NVF—E.=23MeV &, ZDLORBEEFANB 121, E.=26MeV
DUNEHT B (7, do) & (e, d)) DEEELIOTHET 5, M, E.=2I1MeVIicoWT
b, BV BLILEBROTETH %,

§2. ERBIUHRER
"Ny =7y M, EE19.9mg/em? DEbA v % (NB) O#ElRERH i, AjE—
i, (7, do) RUSTE, =% v MHITaD 5V —9 -2 DT (r+e) OE—
LEL, =4y MITETR, & hNTFR, EREIIC SSD 2D 2 13 72 BDM THIE
Lo 2HLTHRONK (rte, d) OF =55 (e, d) DF—9%2FELFIVT, (7, d)
DF =4 %fGlco Ee=23MeVD (r+e, d OFERICOVWTREBICHE LTh 3,
E.=23MeV D53 7iE 6 =42° —138° ORI TIRFRME L1z F72, E.=26MeV I 0=
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30° — 140° DT 9 FALE L 7o

7 — ¥ MBS 4) IKHT VB AETIT» 720 “N (e, do) "N (7, do) OANMHZER
| ~35 2 KicRd, KON (7, do) OMOWIERIZdo /dQ (ub/Sr) T, *N
(e, do) 13 d*0,/dQ «dE (nb/SreMeV) TH 3, EMT4RETONVY + ¥ N VIR
(Saips) KR/NERETODEL DTS S, (e, do) & (7, do) OAMIELET 5L,
FnES e Db B, Ez, EBSddDIRNVF— (B & & DRASHOENEILT
2055,

§3. BWLEE

YN D (7, do) RIBKRT (e, do) KIBOABHD VY v+ ¥ FVEHEORE a1~ ai D aold
W BHAEEIKITRT. (7, do) TR, a1/ ack ar /ao BFEEHFATHEZ RSV
B, ar /a0 as/ aoldt Ee=10MeV B HERSAH B, (e, do) &, a1 /a0 & as /a0 i35
CHIETHEEEELEOVN, a; a0 & ai /a3 Eq=10MeV L5 THEZR T,

iz, GibsonZ%® OHERTHNHEMRTT 5, (7, do) RIG% E1, E2HAE(EFHOAT
W ExRT &,

do/dQ (E1) =2 zapr | M| *sin*6,

40,49 (B1-E2) =2 7ap x° {2Re [My M.} sin®Ocos 6,

do/dQ (E2) =2 7apk®l M| *sin® Ocos® 6 (1
L3, 2T, a=e'=1/131, kBATFOEHRTH %, ThFOXEMMLL TERY
&,

Asin’ 6+ Bsin? 8cos 8 +Csin® fcos’ 6 2
EHELTEMBTE S,

(e, do) BUGICIZEOEA BADEBZDT, (7, do) &b bEMICE, ZOWEEZHE
BEIL L 7N TEL &,

Asin® @+ Bsin? @cos 8 +Csin? cos’ 6 +D 3
L1 B, A, B, CIZBROEIKA, B, Clexiil, DIEE0RSAERT, E0— El
DOTHHE5E, 23 Ecos QDB TORICbD S T LICiE B,

UN (7, do) OESHOEITE, QRTAbESE, TNETNDETA, B, C%&/¥X5 % —
SELT, F1ME), F2MaREEsLIICLTAbE, ThEH4K(@), 25X
1R, Mrho— Loz E1ks (AT <, ZlhohfRid E2ksy (CH) 2%Kd. C



o N Eo O N oo N o oo NI oo

FTIK E.=23MeV B 3H5%,

N (7, do) Z@T, “N (e, do) ¥ HTOHFOMIZEs (MeV)
DOHEIPHERT . REROHRIINVY + v FVBE (Daip;) IWB/NEHTEE
TEbEL D, HloEIZ@iZdo,/dQ («b,/Sr), b
d?0,/dQ «dE (nb /St MeV) %233,

l4N

(e,d,)
10.2 -10.6

237

o N E o N Eo
T

Lo 1 1

30 60 90 120

(b)

150 180



238

D&3icLT, El, E2OMHELFHOWHRZKRD S LB TE T,

“N (e, do) DAEDHOBTIE, (7, do) TROLEL, E2 OWHEE, ThTNEL E2
DIBHTEEDIT (e, do) OWERITT 3, Th%E, @ROA, B, CizRALT,
1(a), M2@0AEAHIcAbESE, ERtELD bARESLD, T, HUETTRVF—

14 14
12.6 -13.4 | [ 1208 -13.4 ]
6 F E 1.5 k
4l : 1.0 T
2 1 g 0.5 i
0 | | 1 1 0 e o g Ce
11.8 -12.6 11.8 -12.6
6 F 1 1.5 F 1
bt ] 1.0 b .
2 M 0.5 71 l
0 ! 1 ! I L 0 MN
11.0 -11.8 11.0 -11.8"
5 - . 1.5+
Bt . 1.0 1
2 \O—M OsM
O i L 1 1 L 0 1 1 ! 1 i
10.6 =-11.0 10.6 -11.0
6 " - 15- -
4t b 1.0[ b
z w 0.5 WJ}N
0 L L ! ! L 0 [ ! ! L
10.2 -10.6 10.2 -10.6
6 F . 1.5 F .
§i 7 1.0 -
2t 1 o.sm
0 1 1 ! L ! _ 0 L i ! ! .
0 30 60 920 120 150 180 0 30 60 90 120 150 180
(a) (b))

HFHo2X E.=26MeV D531,
(@i (7, do), MIE (e, do) DADT, MIZE IKERIU,



-0.2
-0.4
-0.6
-0.8

0.6

0.4
0.2

-0.2
-0.4

0.8
. 0.6

. 0.4
0.2

-=0.2

-0.4
-0.6
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14 14
NGy, dg) Nee,a,)
[ 1.0 o,
oo © N ., ao 0.5 L ¢ ¢ o do
° o

i ° ° ° ® B o

1 1 1 1 | 0 i ! L 1 o

9 11 12 13 Eg 9 10 11 12 Eq
Stk
B + + ai/ao + + 0.2 1

|
o
D
S

T

T T
®
N
~
©
o
——
— o
————
- e
o o
N
T T
e

- 0.8
) 0.6 as/ao

:Mﬂﬁj T

Tl b s

-0.4

N -0.2 - % aalao
aa/ao +

NN % ol %l

(a) (b)

HIN B2R~3ROABMHONVY + ¥ FUBBO R a
Dao g ahhE E, (MeV) OB LTRLA S
Do ~HEDI 57 Face DO E.=23MeV, []
X E.=26MeVD 7~ 5 2R,
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14 14
N(v,d,) N(e,d,)
" 10.2 -10.8 ] [ 10.2 -10.8 1
6 r - 1.5 -
L} u b 1.0 T
L 4 L 4
2 0.5 FIC)
D N ! -1 0 01
9.8 -10.2 9.8 -10.2
6 r g 1.5 ]
4' + b 1.0 [
2t - 0.5 | ¢ 7
O 1 } 1 i 0 T~ 1 1
9.4 - 9.8 9.4 - 9.8
6 I ! :
T } ]
2k i
O 1 ! I 1N i
3.0 - 9.4
6t ;i -
4L ]
2 L j
O /1 1 b] 1 !
8.6 - 9.0
61 ¢ .
4L ¢ ]
~
O /L 17 ] L !
8.4 - B.6
6 . .
gL ¢ ]
2 ¢ 4
0 I T > -
0 30 60 a0 120 150 180 0 30 60 90 120 150 180
(a) (b)

H4R E.=23MeV D53,
(@135 1 K@ofaEAXORQRTAbEIZ D, Kfo—LIofh#iiE A
IH, Tl CHERT, 0IRE 1 KbOASMERATEDLEIL S D,
BhEHZOVTRAXEBRO T & Kiho— Loz A, Lol
3 CIH, KPDRRIZDIHERT .
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DFSFHIIE, HEBNTE A, B, Clerd TEREL D/ L, DAEMATE 1 [Kb), 55
2HbIOAS M Eb e, ZORREEMEARD), H5ROICRL. —il, —ihohi,
ZNENAT, CHERL, KESEE DIET, BOBAEET. 23MeV 0% 4 Kb T,
LA RESEBREE A 2ANHNE 5, E.=102—10.60M 3k DRASTEES T h
TV TRBEZBA TWAOT, §HHEE b > &/NE < T 2IBRTF 2D 245055 3,

14
NCv,2o) (e, a)
12.6 -13.4 ] [ 12.8 -13.4 ]
6 . B 1.5+
KR! lofb 1
2t $ 1 0.5r .
0 M 0 ===t o o T T |
- 11.8 -12.6 | 11.8 -12.8
6 4 1.5+
|
uoL - 1ok _
2+ 1 0.5} ]
D~
0 /gé\é—f;(;\i\ R e s B
11.0 -11.8 11.0 -11.8
6 T b 1.5¢ b
4+ 1 1.0F 1
(]
2 'M‘ 0.5 [ M
e 0 T e
10.6 -11.0 10.6 -11.0
6 - : - l'sl. -
br ' 1.0f '
. ¢ :
2 f $ ¢ ] 0.5 ® 7
0 = ] 1 0 e o
10.2 -10.6 10.2 -10.6
6T b 1.5 F i
y L ‘ i i ]
, 3 1.0
2t ¢ ] 0.5[ ¢ e ]
0 i L 1 0' L i 1
0 30 60 9 120 150 180 0 30 60 -90. 120 150 180
(a) (b)

HOEX E.=26MeV D5, fliids 4 KOBHHLEFEL,
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26MeV D 5 K(b) i3 KAFHE#E & KR
BRA->TVWBLEE>T&W,

ZH5LTHEENEO, E1, E2HK
DERHET X VF - OB IcT B &, B
6RD& S5, BE1, E23REDLF
MBHBDT (7, do) OHIHEIREE LTH
35, B0 (e, do) OWHFERDT,
ARBF LA NVE—THKET B oD,
23MeV &26MeV @ 2 D DHIERITE Y,
BT 1505, 23MeV OHIFRICIE, Ea=
8.8—10.0IcEMH Y, HO,ICHEE
"o

LIFID YN (e, do) DFASTROMTI,
EO, El, E2B%32D/¥5 2 —%
ELTHBEL 208, SE0ERIIEL
E2l5% (r, do) TROBT2H0D/
SA—5%BoL, (e, do) ZE0D/Y
SA—=FREYTHRITLTEY, —REA
1HREBEVL B,

SHOBEIE, —oITid, 23MeV D
DicH A BHED, - L TollEx %
WE-TREIB>TVWELDOERT —
4 %B52&E, EODRBATEER
HITRH T, BUBZEBEBFzRAVF—OD

40

20r

12

: le{ l "
- ”'.*.* '
: iHIH RN

Ex

6N AOMEILATSLNIZEQ El, E2

R o eMEEE i * V¥ — OB
HicLTRd, E0IZ (e, do) DM
T, Bfildo (nb/ ' MeV), EI,
E21k (7, do) oMERET, BEAR
o (b)) EOD@HIZBHEE T
X WVF—23MeV, OHNZ26MeV %R
T

E0%2—> DRk & LTEL, E0DHIBEFRLILTH 5,

COEBRETIICY T, HEMEVVEEE LABEN O £ B W LET,
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e 1 X ik
1) H. Taneichi, H. Ueno, K. Shoda, Y. Kawazoe and T. Tsukamoto : Nucl. Phys.
A 350 (1980) 157.
2) W. C. Barber and T. Wiedling : Nucl. Phys. 18 (1960) 575.
3) B. F. Gibson and H. T. Williams : Nucl. Phys. A 163 (1971) 193.
4) Efi R, LIS, NEERE FEBE, IRRSE, BARE  REPmEss 1
(1981) 28.
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BTHBEHRLALY)a voBERFZETL

e
FHEES « KEBIEE - BEA)IHsE
O - A%EZ

§1. IFLBHIC

¥Yav (5) OHEHEGOMARIBUFERICEE Y, ZOVHOBRKE BT X
B RHAEREOREONEEZ AV CHMIcHANOnAY, CoBOMETRBE LD
[EORRBRIGNBASNZO0? | LT [ENEOBEAIIZION? | 02 AEH B C
EWEETH B,

Si MO BRFEARZR OSSN THRBHICL > TABIMEV HEh 3 BB LR S
nico WRFEALEE, HAEL S EFIL 7 SidE&EH» SBEE S 2 o0 SiET0 KT - IREET
HBo TORMADEFRRD L A NVF DR/ B &S50 BL, ZOEAHHBEETE
LUFV, EH8EE) OMEBRERCRECKET 2T EMNASNTVS, Chidy—v - 75—
PRICE VRSN TOEIBETOL X NVE ~EMBNRT B L, ROZOHEMERT 7
F—oR/NERTHIFE LTV 3,

FBETh O AHYORIADOHE D > ik b BEER & DO—> 132 (upsBglH >z 3 v
F-HATH B, V,DZHRE-RITRENT VB, TH5DMEIREEEY, HIRN® KT D

6 T - 78 > > - - .
LTS & Kk-TEonti, 22T, conduction band

— — S / [
(2-), (1=), C0), (+) Ezh=* ,_ 023
NV hs (—2) fli, (—1) 4, otk S
(+1) fcHBLTVWB I EERT, — O{v‘]
Cﬂ%@ﬁ%ﬁﬁg@ﬁ’é (+), (_) :{k 111ev 0
RBIBOWTIRV, OFHIC A B FMREE
TE23DTCTV, $bYOHETHEEPLEFIR A
REMET R Ev4LE (ESR) D ©EF - + 025
B _EHE (ENDOR) #®¥ ick v 2EL 4

CHNBNF, UinL, FHBTEE valence band
SN, LhL, FolE 5 42

R e
0 (0) R (2-) RED V, oM FIBRIER 02 0 = 50+ 1L
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BELBTREBIREZMHI A TORVL, 205 EMWT 5 DIcAETRBETHIREE
BHLU,

BT R i B OB FRIGHIZE ORIV S, 1975FED o F8E&rhDR
Famigeic b 3 & 311 o 1o BBTFARLEL TH BT EXHMT 5 £ TORHZEE
FHEMEVD, BETIETRIGICHESNZOMIOET EMHET 5 & &, KipHb OE
FHEE I RICEZEERO LD ERRE-TVWADT, ZoHEMbTEAKRETOENL 3R -
T %o BT, RphEAMOEEZOMEICB T 2BTEES VI HDO D LY/NEVD
THEBTEMRE KB, 2/, FFEAI IR —DBRELLDZLEETNEBELEZ, Sip
OFfEL DRIGIC & AEETHMOMEENK 12 wREhTWE, BETHMETHELND
NS R —FITIEHEM T OMICHER £ b B, TNIFHBAEEIC SR EOBETHIES N
BEhEVWSET, WERMEECwltfl (k=xC) LTW3, ->T, ZORMIEEOH
B p CEBEI NG, ThELBEREVS,

1k HEroXRMaOFHME,

Defect bulk Vi V. V. Vs vO V,0 VP
Lifetime (ps) 220 260—270 310—325 390—450 480—520 225 270 250

HINKSLHONBEEIICT = « LNVEHIETA2HICLD V, OREOHBIRESHE
Haxhz, BETRIFOBHEET 355 V, KX AHERIZOMBREICIKEFT 5 &8
FHEsNB, £ TAPETIR, FFFEOMBREICLZBBETHNEAET 5 LIl
T2 e LRNVERET BRIk —VEIROME L/, E/2, Vit L BHBNR <7 b
WHHBEL 72,0

§2. EBAE
HEILTFZ-SiT7 = VY « LAWEGIEYT 2B SEEO F—7TBOHD (2R
BV, BEHIZ15MeV OB THR (REHEE : FH) Xk viThbh/, BHEEIZ0.15~3.0X
10"e” /ecm* TH 5B, BE2EK)

+ — VEHRHIE X van der Pauw B2V TITbH, BHEHEEO AHETFRERG7 2 V3 -
LAROVDSE S Nutno FRAMBIGHIE (RUISE B B4HIPE © 4000 —250cm ', HMIEMRBE : 6 K) 1
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FTIR Z W Titbh, Thik& W ERFEAICHRT 2RI E — 7 OBEHRIKEH 3R »
Sivtc, BEETHMIUERBED R~ b ox — 42k 10~300K OEEFHTITb NI,

Fok HAMKUHEHE,

_ -3 _ -3
1.§>< 1((1)?‘? i (C;lox)lo“ 8.(?>< 1%?5 i (?ox)w“ fluence (107" em?)
PW1 - BW1 3.0
PW2 - BW2 2.0
PHI - BH1 - 15
- PW3 o BW3 1.0
PH2 PW4 BH2 . 0.3
PH3 PW5 BH3 . 0.15

§3. BRARUEE

3R A - VRAEIC L O IRES NIEETEFALOMBIREZRT, 6 KD b IEE
KRIFB7 203 « LRWEARET R EIcEOHEEI NI, 2 - AKIZ 6 K TORARIN
ARy v, X2 - BRI E ORI O B EIKEEE RS, 52 - AKOERIREK
BV, ML ABTFOBBICLVEIZEIE NS, TORE YK PW BW Tl BINEREK
HIIREHRIC IR E A L TINg 5 it Lakkl PH TRIBHE BN E VRSB L 7218,

BIKR BABREDHFLEL,.

(A - 96)
Sample (RT) (6 K)

2 — 1— 0 + 2 - 11— 0 +
PHI1 50 20 0 0 100 0 0 0
PH?2 76 24 0 0 100 0 0 0
PH3 83 17 0 0 100 0 0 0
PW1-3 0 0 100 0 0 0 100 0
BW1-3 0 0 100 0 0 0 100 0
BH1 0 0 10 90 0 0 0 100
BH2, 3 0 0 0 100 0 0 0 100
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absorbance (arb.unit)

038 037 036 035 034 033
photon energy(eV)

F2 - ARl HERFEFLICHKT 3HRABRNR <2 b 10.34eV E— 7,
(X PH1DOHD)

—~

-E1.O o (P)~1.5X10%cm3
o ® (P)~ 7 X10%cm3
N

) ® (B)~ 5X10% cm3
o o (B)~ 8X10'%cm3
I

Q

|

805- 0 /8
Re) ‘

©

/=

2 3
fluence, (x10'7 e/cm?)

#2 - B 0.34eV € — 2 OGRINRE O B B IR,

(0] S

OL./

JREESHINT 5 SEEMT 2 EAICH B T &, F72, K BH cRERHNERBETIEIA HE
she, 15x10%e em TEMCB O BRI THB I E, £z, HEEORRETOR
EEIEEEI PH & PW, BW TKES BB E, EBAISN 5,
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COFREREFIRELE TSI Licky, V" TRANER LR 2 EBINGEC
SRR EiEREh B, £, PW, BWOBAIR V, OREE ISR G| L TH#md % 28 PH
DEE RSN HBOHMTlNIT 2Mcd 5, #-T, V. DRERIRATHZ S
N3,

C(¢)=n-+¢ \ PW, BW
C(#) = (1—exp (=64 PH
C I TBRU BOMEIBERIAEDFERM» SRKD Svlcs —4, n@EFRICRI ZHHEBETD
BORPOKRD SN, TORICEHHZ X > TV, DERBER > IRBFEVERT, &I 5
THAERTHOIAMYIRNRERIS 0 EZLBVDT, BRENZEFERTEARRIDEED
HEHIHIR I 3EEHBIC b E D EDL SRV EEZL SN 3, - THINIS N7oRINRE O %
IEV RN OE WY 1ok - THAS N 5, BB, 53 RITRTHIC V, ORI FEIR

/oL

V& vy VP
3K Svensson Fic k - TIHREENT0.34eV E— 27 DK
INEHE D TEBIRAEIC & 2380,

B (1-) Okt DAEET 5, £ LT, SLRBHEENCKIED (2 —) OREicd 372 5—Fo0
BT ZEEHCHET 2 LItk ->T (1 -) BAEREN B, T/, PHRER S ITMEBETH
W >—EBFOEES N5 p, EEHIHRES W HHET2—EfiEd 3 Lick-T (1-)
DBEREND, ok (1—) REBOEFBEDOE VL BOEEORFIC L > THERESN B
(1 =) ORBOFNGEEILIEZ LB B, Thds, RIRHMOKE 2BV - THA
5EEZONB,

FANBEEFHE S 2 — 5 ORHBEREHZRT, Th LDV, TOHME0ps 3%
ORI S F—ETH B T M SN B, TAITHL, 508 PH o WSk i 3K PW,
BW O Z nic ENEER E BRI D, ZThEFANS N RS ROHPE T 2 @IS 3
PEREDO SO RIERINHEMLTWE, £, BW CRENNHESEZ 5B W EERL
TWVW3, TOWRBFBVIRNBNOBEREBSPUTVE, T EMSHRBNTRES hiz V,
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0 o
E 2- O/
g /
g ff J—
R
-§ 0 po—" - ! :
- m]
m A
Q_ °
< 300f-0-0 ° o °
) B n ] =
“E’ o (P)~1.5 X106 cm-3
= ® (P)~ 7 X10%cm3
T - m(B)~ 5X10%m?
= X o (B)~ 8X10%cm?
1 1 1 1
2505 1 7 3

fluence, (x10”e/cm?)

FAK HETEAOBBETHER (L) sHmE (T) oREEKETE,
OHRIIBETHEICE > THRIL LI ICEHN B EMHON D, 2T T, KBk > TR
Easht V, DEEEHAVT—HEO V, DIEFHENTEERD 5 L4 ROKIKEE, C
DFEREY V, WEICHBLAAPEBETEHELPT VI LB ONE, TORRIBAIICH
BLEV, LBBETEOMICHELET 27 —o VB JHEFRIC X O SRAT 238 R 5, HE
REDHA IR Z DESEAEHICEEL ONL V,OKRES LBEFELTHE L S5ETNDS
ORICEEHE/ERSFE LISV EMBRIO N D, 12, (+) REBOIGE ICHBHEIIN
KT SV & 5 Zh 5 ORI R RIFEF IMHEFRBHFET 5 C L Z2BKRT 5, /-T,
D7 —u v IOEESN 4IRS NI HERORE MBI >TVWE EEL 6N B,

BAK V, OB THENINE (Fi),

chargo state cross section trapping radius
(X10 em?® (A)
2 — 49.0 12.5
1- 12.1 6.2
0 1.9 2.4

1+ no trap no trap
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0

151

Y

o

0110-

c

3 o

Q. gL \

o o~

- 0\0

TTOo—0o0 .

0 1 | 1 i 1

8300 o

s f S

o B /0/0

£ o__0_—o0

E= § —

g Lo

-250 1 1 i 1 1 |
0 100 200 300

temperature (K )
BON V" OB TR (L) SHEME (F) oREREY,

AR Vo'~ ORBKRENE ST, ZTOBENESKITIRENTWS, K& b, R
RFEIRIZ B> THML TV TEMRoN 5, T ORBEREEIEETIHES h 55
KHBHENBZREZANVF-DES DT+ / VERICL OV BBE N0 DHDWEET 4/ Vil
Bick-THE N5, 7, H5R& 0 EETHMMEERICE 325 > THI260ps F TR
THILEDHOND, O, F1RORTHEFFEAOLDEBERILTH 3, £ 5
T, B—RTEARBEHOEM L 2 VF - NS W2 »80K FHET b BIEHIE%E T 20T,
KERO & 5 BERICB T 3 BHEOBEGICR BBz h TV Eh, HRTEALICKE
TWa, it->T, LEORHRIERICROCRBET» 54 3 EHETEANBE—RTEHE
FCIERZRI>DThH 2 LiFRE N5, ]ETE L, BBETORL 3BFEENER TRER
TEALBE-RFEALTHUTHELEITLETH B, £ AT, HMI00ps ZRTHEHET
EHOREITRY 2B THEEI3260ps 2R T H—JTFEAOZN LY b/haV, LilofkR%:
FT B I RERIC RO TRERTFELORESE R TEAL LR CBTEEICE 5 &£ 51
fES 5, BEFS 1 >ORFEAMNECRET 2h0MnhTHEEELONB, HiLEE

breathing mode relaxation &9,
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§4. ¥ W@

Y Y ROF D VAR Si % 15MeV BTHIRS U T S N BR T2 A2 B T4,

FRINE TRISE L 7468, LI ofsmEsio

(1) 15MeV OBETHIBHIC & 0 ER S N 2 B TSR £ BT HAMR OB TR 72,
% ORRZ NSRRI OEER CRIET 5T EERVE Ui, B, ) vl
15X 10%m ~* DEE, HETEFLEE ABEEA/NS V& S 2B L 2 h LIk 3 faf
+BMEMICE B, — 5 Y YROKD VBESZAENE60, 7.0X10%m ° OBA, ThidK
BRI LESANTET 3, Chid, SERINE BETEMIED &b Sic bRk 2,
5 OHERBETHEAR ORI ERTZEAOMBREICHRKIFL TV HE LT
HHxN %,

@ BHETEACHEShZRTOBETHMEIX300ps TIhRABERBIKS T,

(8)  HETZEL 0 R T RN TR X TR I 1K - TR 0 BT L T D5 S &
DAREMEITIE D, £, FICHBLAEAREETEZHELSV, Thid, 1E, AIKHESE
L BEETEL L BEToRicehehs —o vEl, FASE L, LT, oz
n& Ol B EERSFELEV T & 2E%T 3, \

@) Vo ORENTTTR SR 7S B IR » TS 30 ChE, BT OV, ORMEEEEL
FEEEOBEE LTI Y, SRBRTHET 330X —07 1/ YHIHHEh3 LV
574V AR — FEHICXRSh TV T EETET 5,

5) V. il W BETFOEMEEIZS 31k > TH—HTFELLA—0HMEE T
BOT 3, chid, EEFEAED OBETHMERICE 5 & ZZANEAIRNCEN T 5 breat -
hing 7, BETOREMNEILT 2HBLEL ONB,

AW THOW A RE OB TR, HKEROMANZER LRy Y « S V=T DA
XoThEhl, ROLOEAELE I,

& % X ik
1) G.D. Watkins and J. W. Corbett : Phys. Rev. A543 (1965) 138.
2) H. Y. Fan and A. K. Ramdas : J. Appl. Phys. 30 (1959) 1127.
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AL 70 B RE D8I 0 B R & T
ROFHEE - KBTS & 2 R

B
HHEL « WHREZ » 85KE5H

§1. B

BRI OSEOKETEEEE L THD, COBGEEEORY, BEESE~DEA
I R DR E RO R NE TS B0 © 0L Sl OSEEDTROTARD,
B, SRERIC X 2EH), 52VREKEZEOMCTECEBTFETH L, ChETHL
O DR, MERICEEROTEFERIRIATVEN ™, CDXRDIBIBTHEL
PIRIEEAEB, BA R, CNE TIOCRTHRIMEATTER, M ONEER C5 kD
BEEIT, BB BT IR L 7 2 FREOWEREH B 0 0 b 5157 E 0%
BER U Yo AR TREIA KRR A L TWE R Y A a v T2 LD HiF, &
FRSHEAF 2, S5EROEREEIET Licy & bI BRI i 0 B & &
THRY A3V TEEDEUEN, AL, FEHSMETREO IRk O EREN b Uiy
C ORI, YIRS DT £ SRS\ B R THEMLAH O 7 1
7 P KEFHEHEAT ©, O BRI MR DER 3 5 TR LT V2 o o

§2. £ &

2.1, EEOEIREFTNE

F Y 23y 7 (Laminaria religiosa, 182 v 7H T ASE) 1319844 5 19904 1o = R IE.
)Yy 7 38, SR EERTEI LR, ATIR=RERNEEE, BRE/ \F TR CHIS0EE AR
WU Tco K THER, LEKSOR)zF L VBl AN, BBIZFS 1 74 2THE L,
IS ZE BT IE U, ST VY 78D 2O I3EMEF o 1A A BELR — L 3 VTR,
85°C 2 Wil — 7 vEgiR L, it L7z ¥

2.2 EMEEUSTRESESN (SyRM) 0FFsl

TOYNMBRET 7 VAT I FRUZBRIO A F LY ERT 2 YT 3 FAESEKERICIFHE
BB D217 OBRERI NNk, BEENIETH—Tr Vtd 5, i BEZemsiiiL,
HHESA DITHRHE R SyRM 23581 L 7 ¥,
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2.3 FEMEREFREHESHT

#1300 mg OWFEFEIE SyRM 210 mm ¢ OSEFNCIIERIE L, BHET7 VI =9 AETY
s UBEER & Uiz, MRk % SyRM TIRE &, AEMIEHA L TRIERFEEBE TS 17 v
2 35030 MeV HIEHURE (BREATOLA) % 272 5 3HRHIRSE Lo

2.4 FEFHET VT 7 RIFHEHES

#7300 mg OHFHESUE & SyRM %10 mm ¢ OFEFNINERTE L, SHET VI =Y AHETE
s UBHERE & Ui, FEEBSE AW, 82 o 12fE0 SR E RRICRILRZE Y 1 7 1 b
oV 5DI8MeV 7 AT »HTF (BRI 1 LA Z309WE LI 7

2.5 HHSBEELBHE — PHETFREHES T

1 g OS2 IR CINBRE, MEBEREY I FLVFA AN VERERWVT,
FIFED pH T~ v VICHIHAEET 50 MHTH SN SERIEIRY 2 F 1 /0.1g ML
BZORREER L, SRR Y XF L VABILEEYT 50 ChEBARRFATET JRR — 25K
P (EbMETRE, 5.4X10%m™s™) TLOARIBEHE L 2™

§3. RRLEZ

BEHEAHC R O 5 EERE RS B TR 2 Eh oE—c s, L boiatk &k
KRS LTV & EWEETH B, Bio 7V 7 7 WTHEMEAHT 8 & ORI et
Froid, IRETER OTTHRMARIC & > TSR T ORI 5 o AHIF T IZHERU DEER

# 1% Elemental composition of synthetic multi-element reference
material having similar composition to marine macro-algae.

(%) * (mg/g) * (ng/ g)*

H 6.7 Na 32.6 \Y 2.72
C 39.9 Mg 10.5 Cr 0.673
N 304 Al 0.158 Mn  3.13
@) 32.0 P 1.31 Fe 38.9
S 1.3 Co 0.238

Cl 58.3 Ni 1.04

K 64.4 . Cu 1.27

Ca 10.9 Zn 24.8

Br 0.858 As 125

I 2.24 Rb 11.7

Sr 510

* Based on dry weight
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B (SyRMD Z{LEER Uico SyRM OILHMBO—BI 25 | RiTRdT o LEH» SMEBOERE
RBEOBILER, LRRY, ZOMRKIEE SIRTHEREROTEMRCEULTVWE, T
SyRM Z B FHEMEANE I 7 v 7 » R HEH b oS it W B C & T, 11T
ROEBDRE L 18- foo PUETFHREMEA T ORI, RY T2 Y VT I FDO< by
7 AR IEEBBONF VoA, sab, VAV, 8, a0, v, ERCEREL
0—-500 g g & SyRM &I L, Fluwice EEBICHWIBRIEES 2 RITRT, 78X~
7 b VidGe AR IRARICA006 F » ¥ X VIS S B L C, IR 0B LRIE L 72,

EE 3EEGE L SyRM 5 OB Y — 7 TR HE L TiT - 7o,

LI TI9844E 7 H30H ITE Lok v A 3 v OB GBSt R DM IRER 5 - h D

% 23 Radioisotopes and 7-ray energy used for analysis.

Element Nuclear Half - Energy

reaction life (KeV)
30MeV bremsstrhlung from a LINAC
Na ®Na (7,n) ®Na 2.60 vy 1275
Mg Mg (7, p) *Na 15.0 h 1369
Cl BCl (7, n) ¥Cl 32.0 min 145
Ca “Ca (7,p) ®K 22.2 h 618
As ®As (7,n) "As 178 d 596
Br "Br (7, 2n) "Br 570 h 239
Rb ¥Rb (7,n) ¥Rb 328 d 883
Sr 8 (r,n) ¥Sr 281 h 388
I Y (y,n) ¥ 13.0 d 389
18MeV alha-particle from a cyclotron
P P (a,n) ¥Cl 32.0 min 145
K “K  (a,n) “Sc 244 d 27
Ca “Ca (a,p) *Sc 389 h 373
Thermal neutron from a reactor
\% 'V (n, ) %V 3.76 min 1434
Mn ®Mn (n, 7) ®*Mn 2.58 h 847
Fe ¥Fe (n, 7) *Fe 446 d 1099
Co ®Co (n, 1) *"CO

80 Co-IT—>"Co 52T y 1173
Cu %Cu (n, 7) *Cu 127 ' h 1346
Zn “7n (n, 7) ®Zn 244 d 1116
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BHEBAE 3RITTT . HEBETHEMAR T bV v A, w72 vys, R Hvyos,
b, BE MEVY A, AbuvFusROavR, TA7PRFBEEATRTY v A
v ARUH LY A, BUETFHEMEAT T F Vo A, VA Y, g 32090, KU
HSHERE X (EBT R 72, MHTHE AN 3FE—BB LRI LRRE ML TS 0%, #
BHOBEBMMERC L, $LEIRERTLILELBOT VI VER, Ny vEati
B, THDDOTLED SRET ZEMOVEEHRMEET OMEBEEE, S D v HROREEYET 5o
A TR AT, HEBLRERIRNITHBHRET 5 C & T 6 TTROERITHEL 8- 70
yuh, =y VOERRESFREE - < VIETIORE, HLETRE Y2 vBILYY A
OB A PEF S B TP REH AN 0 R BFMATRICELEREY, kR R,
EFR IR EB AT TR o A OBEMEAEEDMCHNS T & T, STTROERST
BEE TS 570 COX D ICIBERDOETRENM LI RERESFIDTTD 50

Fk i3k Y 2 3 Y THOWL OhOTLEREERIC IAGZEZ R L 220D 5
LEF LR Y% AWETR, BEPOTHEABOLEENO,IZL, TORENSEEZMS

% 3% Elemental abundance in a Laminaria religiosa sample”

Found Found Found
(mgg)** (ug/ g)*" (ng/g) **
H 49 Vv 2.531+0.14 La 42.2%0.2
C 346 Cr 0.125£0.003 Ce 145+2
N 19 Mn 5.61%0.20 Pr 9.88+0.49
Fe 19.4*1.6 Nb 17.1+05
Na 34.8+t1.3 Co '0.0178+0.0010 Sm 4.01£0.15
Mg 9.67£0.43 Ni 0.195£0.005 Eu 1.43%0.01
P 1.53%+0.2 Cu 0.661+0.08 Th 0.673%0.013
S 7.56*0.12 Zn 17.0£0.2 Dy 5.8410.27
Cl 122+4 As 58.0£1.3 Ho 0.670%+0.051
K 13747 Br 1000£60 Er 4.52+0.31
Ca 12.2+0.4 Rb - 45522 Yb 6.88%£0.07
Sr 629+36 Lu 1.38£0.06
I 44601170

30 July ’ 84. Miyagi, Japan.
% % Based on dry weight, n=3.
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rewdl, BEEICH D CTEILMS AR CRSBED & v X 2 v TRIR, 1Tk OMHES
BRI L 7o DFHERO—HIL LTI98T4E 6 o 5 7 HIc B ST Lick v A 3 v 7
DAWEEE 4 RICRT . KHTERI L7 345 5 B ORI R 2 LB LA,
7T TR, 155 Ol b THEHEAT A B Vi~ T o I U 7 B T & 125
L, ZOREERIMI L IcE Dk, RO TP TOMBEERROEEEDLE *»Fbh T,
FE, DRTECHAPRETEOTERICARE, B L3208k E WL S LR 5, 7
B & B35 EY, CNOEREIEROEHEHSLBIT, W >hOTLEOHERER
HH, ST ay b Lo H sy AOBIEE | RicRd, | EEE 1 BSL 76
RREBOOT Ty T, SEGH LIERE, ~—THEbd 3 EOMHEICH T 5 s &

%543 Elemental abundances of Laminaria religiosa* collected

at several sampling points of Tohoku area.

Hachinohe® Sanriku® Oshika® Onagawa’
Major and minor elements (%)
Na 3.69+0.14 3.89£0.12 4.6410.55 4.16%0.15
Mg 1.02£0.02 1.15%0.03 1.00£0.09 1.13+0.09
P 0.102£0.012 0.111£0.008 0.125%0.55 0.160£0.022
Cl 2.83%0.30 10.6+1.0 17.1+2.9 114%26
K 8.491+0.54 9.61£0.36 8.81+2.77 10.9+1.2
Ca 1.04%£0.05 1.24+0.06 1.02£0.08 1.17+0.08
Trace elements (ug,g)

As 55.7£4.9 59.4+12.3 575%75 49.9+1.7
Br 647198 7691166 8931104 7661206
Rb 35.7%5.0 38.8t12.1 41.9+3.9 39.2+8.2
Sr 494+ 17 785+50 697166 665180
I 4210860 52902050 4880690 529011680
\% 1.96£0.15 1.21+0.09 1.85£0.07 1.96£0.16
Mn 3.561+0.26 2.29£0.13 4.6411.46 2.44+0.40
Fe 15.56+3.3 9.54+0.07 29.8+£1.7 16.56+1.6
Co 0.0210£0.0038 0.0109£0.0010 0.0308£0.0037 0.0221£0.0019
Cu 0.42+0.11 0.29%0.03 0.45=*0.14 0.42£0.06
Zn 9.29+0.40 7.82+0.77 17.7£1.4 10.56+1.9

a, 1987. 7. 24. n=3, b, 1987. 7. 25 n=3.

* Hosomekonbu.

¢, 1987. 6. 12. n=3, d, 1987. 6. 12. n=3—5,



260

1.5 r ?
: 3 1 o2
wlg s o ° 4
0 F
8 ¢ o 8
8
0.5 |
Ollllll L1 1

1982 1983 1984 1984 1987 1989 1987 1987 1987
11.17 6.14 5.4 7.30 6.12 7.19 6.12 7.25 7.24

L (Onagawa——  Oshika Sanriku Hachinohe
Sampling date and point

#1 Concentration of calcium of Laminaria religiosa collected in Tohoku area.
Bar denotes the standard deviation of the determined values.
O, 1 detarmination. ®, 3 determination.

EHICHEED T Ty FTRT o ANV Y AR Y X3y TRCHRERS DI 1 BEFEL
TW3, FEEER/NS , I, AL 2BV SNSVEVS EEBH 5, TOMH
i3, FrUTAPTI RV ATHRON,
%ZIuﬂf/WA@TEE%TTO“T/@A@f/fﬂ/7¢k0®%b3wy%&ﬁ
BLOHHEET, ZOFEROEH ANV Y Y ARDREV Lo LI, BB Tk
T EDREEBDOEMNSVEIICRA S, COXIBEABOEHOEMICE v T3
UHRLEVW OLDOYEBETHIC LR ON, TNBEROERICES Ok, BBV IO
WK DD DB L B b DIPELREED,, < ORIEOIRRITIE, BFITh D 0E LRI
BEEBIT, HKPOILERSOATPLELBONL .

HIMIC L EOFABAETRT, ERIAY 23V THIH60 g cB N A MBETHETH
Zicbhpb b, ZOMEKES S OIFFEM, FIEIIX3BVHIDEN, 53R OAITR
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o

| ) L i L L [ I
1982 1983 1984 1984 1987 1987 1987 1987
1.17 6.14 5.4 7.30 6.12 6.12 7.25 7.24

_ Niiyama Kokabe Kanahama
L——— Onagawa—————!  0sika Sanriku Hachinohe

Sampling date and point

52 Concentration of vanadium of Laminaria religiosa collected in Tohoku area.
Bar denotes the standard deviation of the determined values.
O, 1 detarmination. @, 3 determination.

TRNT6FERIChI DRI LAY 2 a3 v 721EKHO L BOELER DL E 13455 5
MOpeg/eT, D3TFDKY 23 TOEERDZDHENTS - 12, #KTO L EDE
RSP 3. Tug 1EMESNTEBD Y, h YA a3y TReRENKD O HMT RSB L
TWa, E, AR, FNEHRRARLEBEEHVTIORY 23y THOLEDIEFEALE
ETHERBTH L LEEIDTVE Y, EROBHEDA =24, &50IEERNTOR
H, I TEBA S 12 B

85 RIS AR THIR Uich v # a v ThoXE, DERUMEBTROGERY S &
Bico FETIATE D AR ORI, FEICE > TEEROEENA S WITELD 572
», FHEBIEE S/ME SAELCICHEMEERZS S > TRLK. IhEcolin
DETROFHAREIOXSICHLPIT LR BB TTH B, FE5EDLSITHY
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100
80
) N

. 60 [~ O 0 Range Mean
2 8 L < Standard
2 @) 8 deviation
@ 4o

20 I~

0 l | ] ]

1987.7.24 1987.7.25 1987.6.12 1984-1990(27 samples)
Hachinohe Sanriku Oshika Onagawa

%3 Concentration of arsenic of Laminaria religiosa collected in Tohoku area.

A3V THOTRERR, BOMBTRCEBBRE, 0L IHEhOTTRTFERE
oI Be0icid, EROBEODIBMNETHS I EPbr-70

§4. F & &

FEBFHEHANE 1 U & ¢ 5 SBEGHEA T A5 &b 5 T & THEHOISTROS
BFASTTHEE 75 - 720

T, BCHIARHICEAERIC b e » THRE L 50D+ v 2 3 ¥ TR L, 1T0%
DEHAEE I Z OEEERSMIZT 5 I L

AL D BIc b0, W% ED - BRI AR iz O BiA
A RIce Y vy IV — T OBRRIICE RSB LE T,
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% 5% Elemental abundances* of Laminaria religiosa.**

Average Range RSD* (%) >

=

Major and minor elements (%)

Na 4.14 2.86—5.80  15.1 48
Mg 1.07 0.879—1.28 8.4 48
P 0.141 0.0702—0.258 34.7 14
Cl 13.0 6.79—20.4 254 48
K 9.53 5.62—12.2 18.6 14
Ca 1.08 0.851—1.44 13.0 48
Trace elements (ug,g)
As 59.7 4306—172.7 23.8 47
Br 882 418—1420 21.1 48
Rb 39.6 189—59.7 23.2 48
Sr 636 360—843 17.0 48
I 3450 883—17610 47.0 47
A% 1.68 0.445—3.20 39.5 27
Mn 4.10 1.98—6.53 334 26
Fe 23.8 9.54—64.3 49.5 .26
Co 0.051 0.0112—0.196 91.3 26
Cu 0.54 0.27—1.1 36.8 26

Zn 14.9 7.01—41.1 51.1 26

* DBased on dry weight.
* %  Hosomekonbu, Sampling location : Onagawa, Oshika, Sanriku and Hchinohe.
a Relative standard deviation. b Number of Laminaria religiosa samples.

= % X 5
1) H. J. Bowen : Environmental Chemistry of the Elements (Academic Press, 1979) .
2) R. Elsler : Trace Metals Concentrations in Marine Organisms(Pergamon Press,
1982) .
3) IR B AUREERSUHE 25 (1976) 225.
4) EHEL, AR $ARED | IS 18 (1985) 119,
5) SAER, HHRAR] HHEHIA - BERFICHE 16 (1983) 126.
6) N.‘Suzuki, Y. Iwata and H. Naitoh : CYRIC Annual Report 1989, Tohoku Univ.p115.
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7) N. Suzuki, Y. Iwata and H. Imura : Intren. J. Environ. Anal. Chem. 30 (1987) 289.
8) N. Suzuki, Y. Iwata and H. Imura : Anal. Sci. 2 (1986) 335.

9) K. Masumoto and M. Yagi : J. Radioanal Nucl. Chem. 78 (1983) 223.

10) K. Masumoto and M. Yagi : J. Radioanal Nucl. Chem. 109 (1987) 449.

11) Y. Iwata, H. Imura and N. Suzuki : Anal. Chim. Acta 239 (1990) 115.

12) Y. Iwata, H. Imura and N. Suzuki : Anal. Chim. Acta 219 (1989) 97.

13) H. Jiton, H. Imura and N. Suzuki : AI;al. Chirﬁ. Acta 228 (1990) 85.
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PREEAS I ERE R I & 2 gkl o
ETUR OLR-F LT (2)

ST, B
ERNKE « B Sl - #iAms ™

§1. & i

ARG RE DRI B L CWTE TR OMBITTR OFERICET AW AT 5 1 IS 45
DTENBTHETS 5o T OBIMAM TOEBED—2E LT, H£iT/UK « Bikiz & - T
RS NI ARERIINREER D S 50 & OEEERIMMESER 12, HHES CERBNTEDH
MBZEMA . bOENEIEES UTHAT 5729, BHEPEIERO< MY v 2 RSESHERE
nNasEvikme, HEEHRIEED Z 2 OWBHHE I BE T 28 ETEE N
%ﬁwﬂmﬁétw,ﬁ%nmmn&%%ﬁ%m;ﬁ%@m&aae%féhfLi5&m5
Rt bbefi-oTWb, £, oW ABEHMEAN TOLTHRRARERICEA T, Bk
EOFES, MEFTBLTHIEh TV 3,

AT, BIE” 5] Sk & Sl rh (il SrtiErek, EA4M) omBEHbs h
PIVHEBITTREBENINEEEL 2 AV TEREITY, ThiT & ) RESMME O 5
BEDHHE & 2 ISR BT EEES TR PUEBTHROTEES & CIEE ORGSR s hd
£ fT-7bDTH B,

§2. £ B

2.1 AMEHE

kHE B ARSI A OBEEN & V) — XA (JSS 606~611) &, {E&EM Y Y — XA (JSS
wmq%)ﬁgwgﬁgﬁzﬁ,3@(wsmzom)%mthﬁﬂu%ﬁE%vu—f
TRESH0.3mmOBIUCEIENT L, fizF v 7RObDEZDOE TA V., F/2, &E
BEHMITR ORI ORI & L TR, TROBRTFEEAHT FEERE 2 BV i,

2.2 BHEHBOESR
%ﬁﬁiﬁ?yfﬁ@ﬁﬂ#%%%%gﬂaflv?Vfbt%,?7DV@50EWT%
WIBER, IEOSMY Y —X Tl L LRE 5 ml, FRBEE Y ) — X TRIK 5 mUERE L,
BT BB, BERINERC 3ER T 5 R OEERHO—EE L HIcERE LToRY ¥
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ABATre C DA —BRERS 2, AMBBET M5 F v ) r— & 5mlil
ZE R Lo CRABTL Y VN TEREE Sk, BRIFPT, 2RHME (400°C)
LBikRIb S €720

Z ORED— (#200me) ZHD, EHET VI =9 2AETEAERIImmO 2Ly MR
R L7 (B0 3 O ERD), g70, HEESICE, BEERRORMET> i8S
[RIREIC AR U 7o

TEBH - BEHE, A U AEECREIHAL, AEEEODTEE LR, &
ANeEETEC, BT 7 vE L

23 B &

FREHAETLE T 2 v F —20MeVi5 & U30MeV, EEB/HHT0H X U120 p ARRE OET
EAEE X 2 mmdE &R CHBERICER L2 b0 ZFIA LT T8 - 1% RERIZA,
RERE T v 7 VA KARIBE H V5 —HORA&L 3 v N~ 5 —ORFIEE L, 20MeVIRS
Tld 4 1R, 30MeVIRSTTIE 2 KeIRES L 7o

2.4 THETREAITE

BEHATR, REEHIFHLVEME T VY =Y 28 CHEEL, BUHRIERO ¥ v 7 v &
WF— i Lo rIBRIER, BHES V=Y ARIHEESEREOTEICERL, <A
gaafy b, N=YFNIVEa—F—EROABRE Y AT LERVTIT 7%

R, BEOBA SHI0BIDR DB DER LT > oo ERITE 7470 SNHAFEICS -
TV DAV, EEREELTHIAKREIBROEZMR VI,

§3. WERLEZR

3.1 EEICRAVEE

EETTHER UPEETTHE D b U AR D 5 5, AERICH Vb0 13D208 £ T30
MeVo&IEHEHETEI (7, n) IBIc& > THEL, EFRNEORE VDD, @FEMH
BHEL Olday) b0, @RI LPTV riEKIHT 25D, LVIRMEERMALT O
BAT . EBICAVIEE MROBES 1 RITRT,

3.2 HELLDIRRIG « KiE

T & 12 BRIG, R 2 RIORY . IE LR LS LT}, B EE—O™E
PRI BITEPOERT 2D E, BEEU T XAF—0 kg 5515 - o ER
TEHDEMND B,
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F1R EBICHOICEE SR,

G B R b mmomE ¢ mom TREESE G
®73(73.7) (7, p) “Sc 3.341d 159 —11.5
2Cr(83.79) (r,n) S'Cr 27.704d 1320 —12.0
%Mn(100) Cryn) “Mn 312.2d 834 —10.2
®Co(100) (7, n) “Co 70.916d 811 —10.5
*Ni(68.27) (r,n) “'Ni 1.503d 1377 —12.2
"As(100) (r,n) "As 17.78d 596 —10.2
©7r(51.4) (r,n) 7r 3.268d 909 —12.0
“Nb(100) (r,n) “Nb 10.15d 934 — 88
Mo0(9.6) (r,n) "Mo 2.7477d 140 - 8.3
23h(42.7) (7, n) 22g1, 2.70d 564 - 9.0
(6(88.5) (r,n) B9Ce - 137.7d 166 - 9.2
“Fe(5.8) (7, pn) %Mn 5.591d 744,935,1434 —18.7

B2k PELRIERIE M,

X 2 K OE 0 oE K KRG QE (MeV)
S1Cr(320keV) SFe(91.7) (7, an) SCr —19.7
*Mn(834keV) ®Fe(91.7) Cr, pn) “Mn —20.4
“m"Nb(934keV) HFe(5.8 ) (7, pn) **Mn(936keV) —20.9
%Co(811keV) Ni(26.1) (7, pn) %Co —20.0
®Ni(68.3) (7, 2n)  *Co(812keV) —22.5

N5, RERHCNG, Fez& 4B L, ©—/EEhD SPHEOTENERYD, 2hiE
ZLEIK T LT OREIE LT F72, 20MeVIBEIC B 2ERBICEB VW TR, HEMBSLR
T B7HD QEN20MeVEIZH D, FEOHEDLB VT LBBD SNI-O THIETHE
n-To

3.3 EEEE

ERFTE,

Wa=Wa*/ [(R*/R)—1] «
EVOHHERHKTRENE, TCT Walg) WERBWITTHROBE, Wa'(g) REMULT
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HZOBTH B, $72, RELUR" RERICMA L 7R LI rfR & ORI TO B -

/L &, BERNIEHOZNTDH 5,

3.4 EERR

EBIE, S Y — X1 JSS 606—8, 611—8, ERffEHkE JSS 002—2, 003—1, £ L
TESEM YY) — X Tl JSS 162—9, 154—9TiT-70 EEMEE, 1 ¥ —-23 EORE
I AR TR Lo ERRRE X UHASMIRAOBIERE, =513z OTRORH
R (Ny s 759V FD3 0252 5B 258 3RPSHSRITRNT .

341 EFEE#HIU-—X

PREHETTRE LT M) v 7 ZRREENS CrEaH VW TEERIT - o

#35% EEEH YY) — X (JSS606—8) DEEIER & AEM L DL

(20MeV)
B B B (uele) 3
T % & xRz A E B RHERA
No. 1 No. 2 No. 3 2oy (%)  (ugl/g) (ng/g)
Ti 572 536 598 569+ 28 4.9 — 29
Mn 3253 3302 3164 3240x 74 2.3 3100 17
Co 1197 1187 1198 1194* 18 1.5 1200 5
Ni 571 613 588 591=% 20 3.4 700 - 6
Mo 5902 5921 5781 5868 +218 3.7 - 5800 8
(30MeV)
Ti 558 622 633 604+ 38 6.3 - 12
Mn 2876 3147 2974 29991420 14.0 3100
Co 1166 1265 1279 12371155 12.5 1200
Ni 598 595 618 604+ 61 10.1 700
Mo 6067 5409 5280 55851559 10.0 5800 10

a) JSS609 FEEILHIL Ti, Mn, Co, Ni, MoD 5THTdH %o 20MeVIRSTIZ I 5 50H7
R, NiZBRETRE SEEOHANTEERERVW—B2 45 LB TE, FBE
b &\, NiUZEERE X D ETEDICERI N, 0MeVIBHEORERITE VT b EROERM A
BoNtc, Fto, COREHIC TIOEESHER S EHEZE T WU T EHEL (EBS N,
30MeViRAHIZ BT 2OHTHER T ORMEE L K O—FEH B T EHT &7, Mn® CoDFs



269

MnTIIEREDT0%, CoTid b BIIHEIZL B bDDAEZ DRI & » THEENSETEC 13
% (Mn : 20MeVT2.3%, 30MeVT10.2%, Co : 1.3%—>3.8%) {@[5A% 5 Hi,

AR EEEH ) — X (JSS611—8) DTEEEE & fEHEE & D HES,

(20MeV)
3 B E (ug/e)
TR % RZE A F E KREER
No. 1 No. 2 No. 3 Eo (%) (reglg) (ng/e)
Ti 931 970 1123 1008 =102 10.1 — b4
Mn 2963 2912 3157 3011£150 2.3 3000 22
Co 4043 3950 4052 4015+ 51 1.3 4000 8
Ni 1246 1259 1278 1261+ 39 3.1 1300 8
(30MeV)
Ti 1080 1216 1201 1166162 13.9 — 26
Mn 2576 3146 2991 2904 £295 10.2 3000 3
Co 3844 3804 3806 3818144 3.8 4000 4
v Ni 1162 1120 1132 1138+ 52 4.6 1300 8

b) JSS611 FEEILF X Ti, Mn, Co, NiD4TLHETH %, 20MeVIBE, 30MeVIEE & &
REQHFNTHEEE B0 —HMB4 o0, FHBELMREORELZIF-EEhh 330
MeVTD Mn%ERE 5 BLIT EBh - o TORBHTE VT b TIOBELSHER S NEBREFT -
7oiESR, 20MeV, 30MeVIcH\W\WT & IZIXFEIRESIEAE S Ntz

RHRFIC SV, 30MeVIBHITHIT 5 Ti, Mnd % h2520MeVIBEHHT KBz /N &
CEBERBHSNE, 7221, Mz > TRIFERGOZEEICE BT O bDTH S,
BROTHICOVTIR, TORBHTE VTS = 3 L¥ 1 & EE MRV E BN S,

342 EHER27E- 378

MIEETTR E LT Ce O TER:IT - 120 ‘

a) Cr, MaOER S0MeVISHIZ BT B8k 5t U B FEMEOR (Cr : Fe 1 gT00
ppm, Mn : Fe1gT10000ppmizfi) icl~GHRI D Cr, MnD & BB EMED £ HKE
DRZEDHHAN (Crcl7ppm, MnTl00ppm) K& ENZ EEMBEOTERTE M-,
E12, 0MeVIBH THERTEMD1o8s, CNIAEREEETE 3 Fobs b D5EH Mn, Cr
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W5 EUENEE 3 (JSS003—1) DEBAER LIBEE & O,

(20MeV)
B " E (ue/g) 3
TR % ExRZE A E E RHERA
No. 1 No. 2 No. 3 S %)  (ug/e) (ng/g)
Cr sk 13
Mn sokok 18
. Co 22.57 24.40 23.94 23.641+0.89 3.8 25 3.1
Ni 35.59 34.56 36.53 35.56+3.51 9.9 33 1.2
Zr 1.01 1.10 0.96 1.00£0.06 6.0 KD 0.3
Mo 4.85 4.37 4.25 4.49+0.39 8.7 4 0.8
(30MeV)
Cr skekok 13
Mn ook 18
Co 25.29 30.39 28.40 28.03*£2.45 8.7 25 2.6
Ni 31.92 33.23 33.79 32.98+1.70 5.2 33 0.8
7r 0.99 0.93 0.96 0.96£0.10 10.4 KD 0.1
Mo 5.79 4.38 5.56 5.24£0.69 13.1 4 0.5

k¥ : can not determine

DEGEEIWBD 12DICHEEZ I TOEDM, Ficld “Feln, p)*Mn, *Fe(n, a)'Crig&
DZRREIE S X BIHFEROPRETT 2 0END 5,

b) CoDEE CoDFERTIXIOMeVIESHZBWT “Ni( 7, pn)*Colc & EZRZT 5 43,
ez EN s NioBSHE (2ET5ppm, 3 T33ppm) DO ERIBVTEBRT
%%, TOME 2, 3EELERMEIBV—HESLSBTENTER,

o) NiOEE 2BOFIEFEESRHBRICIVC & THEREENRELD, 2ofFR
EEE ORI H20MeV T48.8%, 30MeVT21.3% &BEMn -7, —F, 3BWOHEZHITHA
SHEELE GGHERE /NS, BBl BELORWENE OGN,

d) MoDTER 2%, 3HEELAEENDITVI20MVEBSHITBW TR, BEORVWER
BTETVS, —F, I0MeVEBHTREEOI v vy 7 750 Vv R ER->TLE D
FBIEHEERENR I R ORBENEL K- (28), EBTEUh-7h (38) Lo

e) ZrIOFER COINEER, EEENESEIONTORErL -2, 3BEOIERTE,



6K I 2/ (JSS002—2) DEBERERE & AZEENE & g,

271

(20MeV)
B B (rg/e) 3
T %R A ExtmzE A E E HRHEER
No. 1 No. 2 No. 3 A (%) (regle) (ugle)
Cr skekok
Mn Kok
Co - 30.69 27.18 30.88 29.78+1.60 54 29 5.4
Ni 5.73 6.42 5.43 5.861+2.86 48.8 5 1.3
7r 0.42 0.37 0.39 0.39%0.03 8.2 «1) 0.1
Mo 0.77 0.81 0.80 0.79+0.05 6.3 « 0.2
(30MeV)
Cr Sokok 2
Mn sokk : 2
Co 34.41 28.64 29.81 30.95+3.10 10.0 29 3.7
Ni 5.92 5.52 5.37 559+1.19 21.3 5 0.8
Zr 0.51 0.37 0.41 0.43%0.06 14.4 K1 0.1
Mo ND KD 0.5

*%k . can not determine

ND : not detect

20MeVIRE T 9 BLIT LIBEM L - 723, 30MeVIBEHCHEWTIRI VI F vy 2 45
VY RBLEB>TUE el OEESRETEL 1 - 12,
f) zoth HBUBTEOERE LTLEEOTEDIEMICTI, As, Nb, ShOEEBERA /-
DBRERAZ DN V=B E— 7 BRHTE L - o
BHRFIC DWW TIE, 20MeVIBEHZ E~N30MeVIBE OB BEFRL 78508, WHIC K Z 73
ZRBIB WV, EHEEPDIZVIDIOMeVIBHE TIZa v 7 h vy 2 759 Y FREND, hi-o
THRHEBANBEL 255D (2D Mo) bd -7,
3.43 [EEeWU-—-X

NIEHETTR & LTI, CeDiEhic JSS 162 THREE & EN TV A Ni, Mo%, JSS 154
TidCr, Mn, VI 02 F 2 v 7 %2[To0 EREAEMOERERIIYY V1 LD
Bz & D 20MeVIBE DA TH 5,

a) JSS 152 E&EMIZER 1 %D 5% D Cr, Mn, Ni, Mo/SEDHEMTEE2EL O
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BT1E EAESH VY — XA (JSS152—9) OSEERER & EMEE & OHEL,

(20MeV)
B E (reg/e)
it % 4 HxHREZ A E M BRHER
No. 1 No. 2 No. 3 . (%) (uegle) (ugl/g)
Ti 35 37 28 33+ 4 12.6 - 6
Cr 5228 4992 4773 4998 +209 4.2 5000 116
Mn 4023 4125 4270 4139+ 162 3.9 4300 88
Co 158 146 155 153+ 6 3.9 — 12
As 163 169 173 168+ 5 3.8 — 12
Sb 34 32 34 33+ 1 3.3 - 2

T 3B SEAAOAHE TR ZN SFEILHFIC DV TR UpATTHEREZEHE TR,
Z T, HFRTHEH > TOBTRUANOBBITLRICODVWTHERET - 7o EBILEIL TL
Cr, Mn, Co, As, SbD6ITLHETH b0 Cr, MnizDW\WTIF, S OFSHRATHER & RAEDHIFH
ATRO—E%255 LB TE, FBEOEMREZEL BT ERP -7, Ti, Co, As, Sb
OWT HHEHICEET 5 T LR E N, ERZET-7o TOKBRTHI DV TIIERE
DRHRA D 5 EEE L DD - O TETRENEL B> TV 5EY, fthd 3xHic>0WTi
FEXHFZE 4 WAT OREEDORBVERBNTE 2o

b) JSS 154 JSS 162[FKE, HHFEICHEH > TOWHWTRIZOVWTOERETY, TEBLRI

8% LALLM — XA (JSSI54—0) DML & e & 0 i,

(20MeV)
® K (re/e) 3
T % % Rz A EE ORHEER
No. 1 No. 2 No. 3 N 2] (%) (ugle) (ugl/g)
T1 48 43 39 43+ 5 11.3 -
Co 88 87 84 8+t 3 3.0 — 6
Ni 4914 4991 5055 4987100 2.0 5200 10
As 39 40 39 39+ 1 1.8 — 3
Mo 4087 3558 3527 3724+314 8.4 3700 4

Sb 10 9 9 9+ 1 5.4 -
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Ti, Co, Ni, As, Mo, ShD6TTHTH 5o HHTRICH->TWV5BNi, Molz>WT, Nidid
D BREE & 0 ETEDIER S NI HEHRZE R 2 6 E Bh - oo —7, Mo T IZIEHE(E &
REOHHNTERES—H L CTBOBELREMP -7, Ti, Co, As, SbobREFICEET 3
T EDHRBS NERET - 0 TICHERESRIERON 5 BREL DL, 20HE,
XHRZE11.3% LETRENEL 8 -1 20D 3 TR\ TIIENEE 6 WU T &5 &
CEBTE T,

§4. &

BRIV S8 B B OMIBST R OB TR 217 - 1R, WEORLE
BATASC EHHWRTE R, 212, SHEOEASMOBREORIATEICH->TVHE S 7
FETHDAOMBOTRIHE RIBS N, SR ERATS C EMTEI, T,
20MeVIgHIc B 5 ERIE30MeVIBEH LAHERIEESMHTEX 20 TEYTH 24, &
Bl DRSS DRI & E N B TR M DA (LB OE T AT EA R LT LE
CENBBZOT, BHEMEFHICE  UBOERBERDT M ETRMNEEEDNS,

PLEOBIE, GBS ORBTHENEAMFIZ < b U v 7 2T 28 bR S 13 s
(B HA BB I DREHOMBTLRODEIT > DIIEEICEN TH 5o TN, SHEIEH
BHEAPRBRRIC B 3 2 0 S PP RO MBI R OB, S © ORI AR
D EBH/HEN S,

& = X ik
1) M. Yagi and K. Masumoto : J. Radioanal. Nucl. Chem. 83 (1984) 319.
2) BRA)IKES, R OB, PR, KRS IS HE 23 (1990) 222,
3) M. Yagi and K. Masumoto : J. Radioanal. Nucl. Chemn. 100 (1986) 287.
4) M. Yagi and K. Masumoto : J. Radioanal. Nucl. Chem. 109 (1987) 237.
-5 ) E. Browne, R. B. Firestone : “Table of Radioactive Isotopes,” ed. by V. S. Shirley
(Wiley-Interscience Publication, New York, 1986)



274 S 245 H25 19914128

FILHA, %FU\LU D 1 8 7T A AR

TR « Bt ™« main sy ™
WIERER » SHRE ™ « Blgsdg
EAH B
§1. (FLBIC
El—KcBWTERE 394~ 7 <icisk L SHEES W B E ARIMIEFET I3 H
KOBRKUFITIEEL oMo N, ZORRNBSERSE#ERShTEL"™,
BRI oKL EROELGRABEE LTV AHIBRVHEhTE LY, Thb0D
R REMHBO N V7 T AH VRLEORE%EEZ 5 L TEETS 5,
gL (1R RELAARBEREE I E 3 5 A RH0.6km’ 0 /N & IR K 1L
TH 5o Akl KPAEE 2 FEMITERS hicukilTd s, AKLTE, 0k
BIEVHIRICT B E b 3005 TORKDORI D < /< WEB LI T &% SO DR
STFEDORE D SH BT > TV B o AT RIEAKIUE OB G & MBTHRARL OB
LEGIEEL CRET 3o

F1X #EKLOMER.
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§ 2. s L UHE DS

ERK LR BEREE PRI AIE T 5, BERORES km, HE300m i & 0/ 15 5UE
KiTh, R LPIEEEL, INERZHEXD Ob "0 0TW5,

%EKM@mEK%LTMD<0#®ﬁ%ﬁ%5ﬁw,CCTMM“K%dwT%@ﬂ%
RIS T &I Bo 82 RIcAKLDOBREET Ui,

FIAKIL B =R E IR DR BB E LT3, SERKI LI B oo Lz I
NTHEL, T OXESH AT 2 FERITBARES Nico AKUBHEOBER, 2HEXD b
FOBRERKILKE? ©_EIz B 5 C &ip 5 105ER & D EICIEBI A B Ui C & 250 &
TH B, EEKLOEBIRAE  AMIKHTE B,

518 2 FAERLIETOR: HAS GBI TH 50 BHMIE A L2 70 ) RILEBEOHE
W HEETH B 5 1 IEHM OB 3K LEETERICR 5h 5o

52 WRKHE (2 FERIROD, BEEKE LR ; LKA THEENS)
CHBMRICH B, BWKBICER LaEoESI TS 5, MRS LHERC ALy
T Y EOLREERIETE S, T OBHIOEIIIEKLOTEE LI L, 234
57 VERDEWREER, BOKES, KEKBRIEE,LSK 5,

IEﬁAMF(Q 7ka) I
LEEEl
[EEE] | |

Fel EEKXLOER
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B TSI ARG Y LA B A AT U L LB & £ 1 3 GRS
o T EOKLFEYBERAKLISEVEA TS » & bSRICEL, BhimTRT<
e 7o, RAKILEC OBETUABIELS Ao LEdoT, ChBOKLEER
SR DIES) & Bl LTI H] LR LT B4 Bhdo BREIRT LA VEE® TERAKILO
Ho DM I A TR RIS 2 > TV B o ' '

83N A VY T VA ) FHIOERETZRLE CFLE S Lrce SEVEE RAZ 5 2
= AL, (LRI OB E ) —ERBALE—ED 57 T O TIRER
KD EE DTS Nico 5 3 MWDK Uz & & 0 5/ NI KRR O
R IF2700 YBP Th 50

5 4 H B EIREERE OB TS 5o EREAILERREBOBER & > TTE LB 5
W L7, 851 KOAEN T 0B, M, WK EHERICHE LB S CERERESNT

WIS,

§3. BERELH

R DR GRS A 3 DIRNTE 5o UTKES 1 7 OET ORBMEHFIG
Bucow TIN5,

3.1 BIH~EISHTERLIANS 7 UAURILE (B1ROABLUA)

EWE LTHTIGRLE, SRETRERLE, ANETRERLE, &4 5AKR
WEZLE, &4 bATABETIEEZILESS 5.

WS : AHRA (~3mm) ZEMEER CEREEN LA TVERE bOBE L, BB
(~1mm), AL (~1mm) BEFER. REWIY (~0.2mm) BEHS 3L EAH
AIShIiRe FBIE (~2mm) BRPEMOY v 7 Vicie bh, BRERRTH 9 1 iz
FFTO0B, PABAR (~0.5mm) BOBDY v 7 ITDERD b, AP AEHIL
PICE D EN D, £, ENIT/NI A FBRDH5N 5,

B MIRRLRE CRED, AN, TEIY. HEER, 77 ADSE5,

3.2 BAPORRE~URAARIE (81508B)
HR SRR DA O ABBAITEERE B LU A b ATANEMIFAZLE TH B,
PG RIEA (~3mm) REMHRTERAENEET SONE V. BAIER (~6
mm) BEFAEER. 24 BAE (~2mm) BEHSZVREET. FBWY (~0.2mm)
BETS B ERRATTRR. FREICEFERITA A MES AR L EL oA
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1k FEAXLESHDE— FHEB.

1 2 3 4 5 6 7 8

stage 1 stage 2
(vol.%) A C A
=E - 60.0 66.0 71.6 717 759 66.4 59.1 64.3
®EA 315 246 144 103 104 106 341 258
PABAR - 0.1 0.4 - tr. - 0.3 -
BgER 5.7 4.6 4.8 5.7 4.4 7.0 3.1 6.3
RAHER 1.4 21 = - - - 27 11
ApIa 0.5 1.7 7.5 11.1 8.0 144 - 1.2
575N 0.9 0.9 1.4 1.2 1.3 1.6 0.9 1.4

9 10 11 12 13 14 15 16 17

stage 3 stage 4
(vol.%) A A’ B
R 609 616 588 729 69.2 70.8 628 72.1 65.7
®EA © 331 320 356 200 260 242 264 181 268
- DABAR - - - - - tr. 3.2 2.2 0.3
BHihEn 3.3 3.6 3.9 4.0 2.5 3.0 74 75 4.9
MR 24 21 13 13 14 13 o tr.  tr. 1.2
yzspa tr. - - 1.5 0.1 0.2 0.1 0.1 0.7
E7SIN 0.3 0.8 0.4 0.4 0.7 0.6 0.2 0.1 0.4

A AN TR ) ERORREERISE, A hvy 7 va VEROTLE,
B HB4HHORERE, C:H2o7rivh Vi,
*SERITA YA MEENT WS,

. FAs (870726-5) 2. BikinH (850414-1) CRERKILEESR (TARL15)

1
4. RIIUKILERT (TARISZ) 5. )r' /I')\m‘ B (TAR108) 6 RICKILIERT (TARL64)
7. A (870726-2) 8. fSTKIASS (880114-2) 9. BEI/AR (850503-8)

10. 4 (870702-1) 11. (850804-1) 12. FE)igE (870626-4)
13. 2 (870626-3) 4. )7 (870701-1) 16. AR (850823-01)
16 = (850602-01) 17, JEZSIEAL (850823-13)

VIORSHEBRD 5N 5o DILHETIC DR EF 9 4 MEE N AL (~1mm) HF
HHND, LREHORIEA AL EE N3,

A MCERE CRED, BANER, RBWIY, RUTER (L), #5205 5,
3.3 E2H07NhUE (B1FRDC)
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14~20% b D=7 4 v 7 SR ESUCERL T VA VS, LEHEBRERREETH 50
T ~14% b OFEPIGHEE &S,

BEE : P (~5mm) BEBHRTA S 1 MEE2ZYTOUEV, T domi
B BERBEEN T B0 RIEA (~2mm) RABHRTERIENEST bOKS 5.
BAWER (~3mm) REREHR. FEWY (~1.5mm) BEHBS 5\ EFEAITHAR
BABAE (£ ~15mm) BEFTHEEO Y 2 2RBANS 5,

i ARRERE T, WAWED, APIE, MET, AR, 7520515,

§ 4. HMOSINHEL XUSER
FERKILORFRISEHYINTEIC D W THNTEIT - 720 ARSI S 2V Id T v F 8O
SRR VTECRR LR, » 2 9D 504/ YO R — v I VERWTHIFE: L,
ERSTHEOER KA RFEFEE OB XEAHTTEE (PW1400, 71V v 7" 2HHW) %
W/ 52— FEETIT»> %0 Na, Mg, Si, Al, PO 5L&KICOVTIF0kY, 60mAT, K,
Ca, Ti, Mn, Fe® 5I5I345kV, 40mATHHT Uico BUERE OBRHAITEZH W TRER
Akt Eh, HBTHEHMLEZHAWT, Ce, Co, Cr, Cs, Nb, Ni, Rb, Sc, Sr, Zn, Zr
BELUYDI2HBRATTRO AT 1T - Too BRI OREH LI AR T R BT 5
WROBT 51+ v 7 EFIF L, 30MeVONEET 2R e TN OAREREEE 2 i

N B

§5. F+305%UE—-vazV
%ﬂkmw%ﬁ%1&0&@!Lf3ouEﬁf%6oL@Eﬁi§3fimtﬂﬁ56
BEHNCAEE N3 Sv—T E—ET B,

5.1 S1H~E3MERHLIANITAAURILE (B2ROABEUA)

K,0-5i0, % (% 5[X) TMedium-KEEH'" O F#ic 7wy b &1 5o Si0, B54A~56% DX
BEERILE &S0, B60~62% DZIIA Xy EN, S0, TLRDF v v 7 hb 5,

(Na,0+K;0)-8i0, ™ (#3K) FTRIET VA VEDFHBRITAD, SiOrFeO*,MgO
P (4K FTRIESRD V2 Tuh Y REDFEEICA S,

5.2 BA4HOLHE~LHEERILE (B2R0OB)

K;0-81i0; B ¢Medium-K#EE & High- KO BERAHTIC 7m v b &1, (Na0 +K,0)-5i0;
M ETRIET AN VEET VA VEDERICT 0y b&h b,
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5.3 HE28i07INAVUE (BE2&RDC)
Si0, B46~50% T, Gill'"” @435 % 4
e 5 EHigh-KEEIRIZ A 5 o BEEIEY) %
TEBEITED E - itk TldHigh- K%
(LB GBI VL 1 < 300 (NasO +
K,0)—SiO,M F TR 7 VA ) & DfEEIC
ABo

§ 6. EmsSTTRMEMK

WSO RERXLEHY OB < 7
2ICH®RT B 3507 V—TIEXS Ui,
Ihs 3207 V— 7 DE A IRKO-SIO;
X3 & U'Na,0-5i0, K E THR ik ic i 5]

45 50 55 60
SiOe2

65
wt.%

%“ 3 Nazo"'KzO_SlOz o

BHAL: vy 7uvh ) EROEREYE
s, B AV Tl ) EROR
I, BiRE0=A : F4HOoURE,
A& ol B2 o7 vh VE,
AK, HA, THIZZNh & nKuno™? iz &
BT VA BEES, BTV R
B, VL74 MERETRT,

T35 HERDo V2 T NAVEIED
W, SiIZLVWdORFEAPMOLKELD
K0, NaOAME\ o ZEEAILE HY) I I3K,0$Na,0
KE LS BAREYREET L TVWEWLDT, KO®
Na Ol & D BALLKRED 5, KO, NaOlckbZ
LWZIEE 2SR ERIC L - TEL T ERTER
W LEetSsT, AT 7 VREEESHOR
RERBE</<2RICLTVWEEELLND, ET,
HOMCERT 2T VA VEON, Si0litbo&d
BARNBEIRDO DL, FIWORRECHET 2
L, K0, Na Oz 7vh UEDHENEV, Lichi-
TTNVAVESRE S~/ <Iiclkd 65X 5
N5,
ZD3DDIN—TDEAMEL L~ I <whoE
e T & IRTIOE K0 DR (6K »odbb
"5, BlZIEHB7 KO0 BTHE L IEE, TiO, &
BAnvo 7k &I, 40X E, B2o

wt.%

65
60 -
N
O 55 1
o
50 -
a
45 T T
0 1 2 3
FeO*/MgO

%4 SiO,—FeO* /MgOR,
ORISR TR U TH,
CA X & 4 Miyashiro™ Iz &
5V VT4 NESR ANVIT
VA EFRDEEERT o
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wt.%
wt.% 4
14 12 o9 Ca0
3 o |:|_.‘1__| TiO2
1.0 ] 0 a
] N ]
0.6 &, ‘e A ®
T r T 8 .
MO
21
20 ] Al203 b
19 o o ®1 %
5 ©
] oA ]
18 A o..
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§7. WETHEREN
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Aoki?, BHS Y BENE B, NBEKLER, Y VT4 PRIEE VI 7vh ) RIE
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B2, KKLBHCBWT, YVTA L, #V7TUH ) BRIIEORESHREFL RS L
SEE, ARALBICB T ATRVIEOHESHOFMSHO M s EbIiT, YV TAFR,
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TR A RMHIEIICEL L TV B T EBHSPITIE 5 T,

FHETIE, NBEKLBEBRT ISV LT A b~ s TIvh )EREOHEFN,
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S-group : Hachimantai Appi-dake Chausudake Nishimoriyama Maemoriyama
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§3. NEFEXLBEZHERTIER

31 EVaVvEREBEREVVBREER

NEEKILEF /RS 28013, €Y VEOAEERCBT 3 0L v VHAEER Y I
BT2600513, Va2 VBREERIIBT260L LTI, LBELAE Y VELXR
&, WEEON Y5 VAKKE, 7V 5 vARLERLG Y VEAERE, Y5 vRLEEG
VEORIE, BEEA Y VEARILS, SEEL Y VERFA Y b BB, —, YVE
CEERCBT 20 LTI, H v 5 vASEEL Y v BARLE, LEELAs v BEaEZL
BB B, ‘ |

3.2 BEMEMH |

€Y s VEOHEROEARAEGTREDEENE V., Hic vV BAEAROELOLE
BEERENES, F52HE, N"MT7o0474057 497, BEEERLEOGEMGHS, v
HEEEROEAOHER LI LISAEGY Y 4 X1 &I RIEERMA SN B,

EY s VEOHAEROGOOMBIMBHES, 7 v 5 vA (1), LE88a, vV ELGH
51D, MBI ZEL LB, vV EOEEROAROHBSYINESL, hv5 Yy
i (2), HEEA, vVEA WEEL A% (£) »583H, LELEGELIVYS VE
MR EEN S, '

Y EOEEROEAP TR LN AREAMRII dust zoning 2 b0 bDOMNEL BTN B,
@Mmm@%bO%EEKMW%ﬁ?&TdeTlAG&ﬁﬁUTK%@&,37@%%
&V ADEBM Y ) T TEDORS T v bR dusty BEAE b bDHH B, 2DL S
¥ FVIRD dusty zoning DR E ZEVWSDOLSEVSDE TRA TH 2, W/ Cy FIRD
REES2bDbHOND, W/ y FRWUEE b OBER I Z DAl EV L3I B
BEOELVEBEZ TV, Yy FRUEOWA RS 5 v 7 BRELTVB T EHB,
dust zoning ©/¥y FWRE SOFERLE 7 Y THREARSTEFELTCVWS, v Y EBLRES
ROELOHTOHESTRT dusty BEELP, Wi Yy FWEELSHERE b0 D
BBSREAEOEHRMICRON A AT+ v 5 v A+ vV L+ EEELOMHAE42K-
HETH B0 < F RO dusty zoning % boRIETR v EEERO KA O EF I
BEND, TNIKHLT, EVa VELEEROEATCHEE LTAThARELGIRIZEA
LDbDH7 Y7 THY, dust zoning 23d > THEIDEL, ULhHdZD zoning 3V,
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v ELEAROEGHRON ¥ 5 Y ARRRIGEE b OB 3T OINER ¥V #AD
SH-THY, TRIIHLTEY 3 VEAEEROEATON ¥ 5 VAR, KitEEb25HG
KR EORIGRIREGHEAD 518> TV 5, ¥V HAEEROEATON ¥ 5 Y HREHEH
b L RBETHZ, —4, £V VEREAROEATON Y5 v ARZHEEE S LS
RF¥EETHY, BRHIFEV.

vV 2 VEGEEROEAHOMGEA ORI ZERELOEGESH L LB D, ¥
VEAEAROEATOAERSHETERT

3.4 Subordinate tholeiite 351

EY s VEOEERORIEDS b, — LB FEHR LR YV EAEEROEAICEY
#pk%E#H L, Kawano et az. 1 ¢ subordinate tholeiite ZFNTHIEL TV %, Kawano et al. -
13 subordinate tholeiite RFIDEA & HFIHIE Y L7 A + RFIOHADREIIIE K0,/ NaO Lt
AL D IR ENS B T EEPLHIT LTV S, HHS Y i, HAMLY VT4 FRIIE
By T vH ) RHIOEG IR FeO* / MgO—Si0, X% & tric MgO,/FeO * —K,0,/Na;0 X
FeHBICERITE 2L b, TRVIOMICREBNLERVELET B L, ARIIBT 3
vV s YEGOERD A TRALEHRD 5 ERS WCEARFIOBHSE L WEESHE &
ZBITRL TV 3 Y,

Subordinate tholeiite & W7 7vh Y RFNICB T 2 EHELZLETHD \, mixing rocks
THBIENBE,

§4. HHOSHAEL b UICHHHER

JUBBSE K B BT 2 HIIc > W, BOEXERAHEIC LY, Si0, TiO, AlOs; £
8, MgO, CaO, Na,0, K;0, P,Os, V, Cr, Ni, Cu, Zn, Sr, Rb, Zr, Y, BaO5#%
TV, FeO 3w v 4 VBN VREEHEIC LD, HO RERBEICKDMTEIT > o &7, K
BmettE" 28V, Ba, Ce, Co, Cr, Cs, Nb, Ni, Rb, Sc, Sr, Zn, Zr 8&TY
O IMERATEROMEIT » 12 REIO SIS ZBEILAZRFRE P AEROET 7 1
F v 2 ZFIAIL, 30MeV OIIEET AV, BHEEHCOWTO 782 <7 boA b Y-
BEIKEZR O RIAIEZ TV, HILARHETFRIcB LT, EEHELOF — 5 LEHZ
Fotio BONEANRERES 1 RITRYT, Cr, Ni, Rb, Sr, Y, Zric2>WTHREFHUHIL
D E X BT OREERR Lz (F4XD, v 7 VOREBIEEE 5 KIic/R L7,
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AP AP AP AP AP AP NM NM NM NM NM NM

& 5 1 2 3 4 5 6 7 8 9 10 11 12
Wt%
Si0, 52.43 52.71 52.79  53.99 57.25 57.89 50.97 52.31 52.95 53.44 53.44 54.45
TiO, 0.98 0.88 0.81 0.88 0.81 0.98 0.81 0.81 0.79 0.88 0.77 0.75
Al,0,4 18.38 17.68 17.70 18.97 16.36 16.90 18.01 17.11 18.48 17.32 - 18.11 17.39
Fe,0,4 3.17 2.77 2.09 2.17 2.60 2.55 3.28 2.06 2.62 3.27 3.81 3.08°
FeO 5.87 6.22 6.49 5.70 5.28 5.70 6.43 7.84 5.92 6.71 5.08 5.60
MnO 0.162 0.181 0.169 0.147 0.163 0.168 0.189 0.182 0.152 0.186 0.152 0.145
MgO 4.46 4.82 5.98 3.59 4.35 2.91 6.49 6.22 4.61 5.54 5.12 4.98
Cal 10.70 11,17 10.23 - 10.70 8.84 7.83 10.59  10.06 9.87 8.83 9.75 9.54
Na,0 2.37 2.27 2.18 2.23 2.52 2.91 1.95 1.85 2.22 2.05 2.13 2.14
K,0 0.22 0.23 0.17 0.51 0.62 0.69 0.12 0.27 0.30 0.39 0.31 0.60
H,0 (+) 0.72 0.75 1.08 0.93 0.74 0.87 0.84 1.00 0.48 0.61 0.95 0.79
H, 0 (-) 0.41 0.22 0.22 0.10 0.38 0.47 0.23 0.21 1.53 0.66 0.30 0.45
P;0s 0.119 0.102 0.083 0.092 0.095 0.122 0.081 0.090 0.089  0.102 0.087 0.085
total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
ppm ’

\4 269 261 242 291 197 224 268 275 238 262 247 242

Cr 48.6 173.5 110.9 164.5 99.5 116.7 94.6 84.5. 55.1 84.4 81.2 77.1

Cr* 54,1 96.7 ’

Ni 27.2 41.0 35.5 46.1 41.6 35.8 35.0 32.0 31.0 33.9 43.4 37.6

Ni* 37.4 471

Cu 42 33 48 44 31 20 34 43 33 42 43 49

Zn 81 74 70 79 70 79 81 85 73 84 76 74

Zn* 87 . 89 87

Rb 6.5 6.9 74 15.6 19.3 19.4 6.0 11.2 10.8 12.6 8.8 20.3

Rb* 2.9 2.1 14

Sr 298 253 261 264 224 235 247 252 284 242 293 295

Sr* 301 251 258 .

Y 145 145 139 189 210 552 109 181 150 165 142 153

Y* 18.7 21.8 16.5

Zr 50.6 51.4 46.6 54,2 73.1 70.1 38.5 48.9 68.8 60.9 74.2 71.5

Zr* 39.5 45.6 34.7

Nb * 1.5 2.7 1.6

Ba 114 68 89 143 194 188 60 107 127 109 164 169

Ba* 394

Sc* 32 30 31

Co* 37.6 32.1 376

Cs* 0.13 0.07 0.04

Ce* 6.3 6.8 9.7

* o OERTHBEMEST, AP: RIEEI V-7, NM: BEHL S v—7, MM : Bigil s v—
7, CH: REERI V=7, S: BEAKLF], HM : NBES v—7
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Bl (Ked)

NM MM MM MM MM MM MM MM MM MM MM MM

% 5 13 14 15 16 17 18 19 20 21 22 23 24
Wt9% )
SiO, 55.09 51.09 51.67 52.14 52.20 5241 53.08 53.14 53.15 53.61 53.96  55.36
TiO, 0.91 0.87 0.80 0.89 0.76 0.81 0.75 0.75 0.85 0.85 0.84 0.87
Al,04 16.50 18.20 17.86 17.33 18.66 18.29 18.27 18.12 18.88 19.49 18.17 16.42
Fe,0, 3.02 2.48 3.07 2.79 2.29 2.66 2.35 2.30 3.05 3.44 3.15 2.30
FeO 6.57 7.75 6.80 7.91 6.54 6.38 6.24 6.75 5.94 5.19 5.59 7.56
MnO 0.176  0.189 0.189 0.195 0.167 0.174 0.174 0.168 0.165 0.160 0.165 0.186
MgO 4.45 5.82 5.56 5.64 5.32 5.30 5.22 5.04 4.13 481 4.86 4.44
Ca0 9.19 1050 1041 9.68  10.76 10.27 10.50 9.94 9.48 8.80 9.87 9.22
Na.0 2.26 1.82 1.88 211 2.03 2.24 2.03 2.13 2.29 1.94 2.37 2.15
K0 0.53 0.15 0.11 0.15 0.18 0.22 0.24 0.23 0.22 0.28 0.32 0.40
H,0 (+) 0.83 0.84 0.62 0.95 0.76 0.60 0.76 0.60 1.30 0.50 0.54 0.70
H0 (=) 0.38 0.22 0.96 0.12 0.22 0.53 0.24 0.26 0.50 1.29 0.06 0.31
P,Os 0.095 0.069 0.079 0.102 0.100 0.116 0.072 0.103 0.118 0.090 0.114 0.087
total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
ppm

v 291 308 254 272 240 211 239 199 220 . 226 197 227

Cr 25.2 50.5 61.3 29.9  100.1 73.4 1589 60.1 435 49.7 454 30.4

Cr*

Ni 152.2 23.1 25.1 28.9 37.0 35.3 435 30.2 23.3 32.1 18.6 18.5

Ni*

Cu 23 42 48 29 33 42 43 33 33 43 22 43

Zn 81 79 74 89 76 73 75 78 80 74 65 72

Zn*

Rb 17.4 8.8 5.1 6.2 7.9 7.4 9.6 8.2 71 71 9.6 6.1

Rb*

Sr 276 307 253 291 287 281 266 278 288 310 266 341

Sr*

Y 16.9 8.9 10.5 11.0 11.0 14.2 11.4 14.4 14.3 16.9 13.0 9.8

'Y' *

Zr 69.9 32.2 43.0 38.4 42.1 49.6 41.6 45.9 54.8 74.6 47.2 51.8

Zr*

Nb*

Ba 152 73 68 75 67 106 102 95 84 175 123 88

Ba*

Sc*

Co*

Cs*
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CH CH CH CH CH CH CH CH CH CH CH CH

& 5 25 26 27 28 29 30 31 32 33 34 35 36

Wt%

Si0, 52.75  53.75 5488 5518 55.18 5544 56.86 57.13 57.19 5839 58.77 58.95
TiO, 0.86 0.71 0.69 0.79 0.70 0.80 0.73 0.84 0.74 0.75 0.80 0.76
Al0, 1711 16.92 1540 16.95 16.20 16.21 16.09 1595 16.3¢ 1580 1580 16.02
Fe,0; 3.05 3.28 1.78 1.96 1.98 2.38 1.68 2.55 4.17 2.63 2.82 2.74
FeO 6.50 5.18 6.86 6.40 6.02 6.17 6.74 6.05 3.66 4.91 4.95 4.61
MnO 0.1564 0.163 0.156 0.169 0.158 0.164 0152 0.160 - 0.147 0.147 0151 0.137
MgO 5.58 5.87 7.66 5.65 6.56 5.85 5.85 4.52 509  4.63 4.45 4.46
Ca0 996  9.92 9.11 8.78 9.25 8.78 8.15 8.08 7.45 7.52 7.40 7.48
Na .0 2.09 2.05 2.02 2.38 2.09 2.28 2.23 291 2.28 2.52 247 2.51
K,0 0.19 0.26 0.56 0.73 0.61 0.71 0.85 0.92 0.95 0.96 0.92 0.98

H.0 (+) 1.07 1.00 0.56 0.88 0.88 0.98 0.51 0.60 1.34 0.93 0.89 0.54
H,0 (-) 0.59 0.84 0.25 0.06 0.31 0.16 0.10 0.13 0.62 0.33 0.30 0.31

P05 0.088 0071 0076 0.08 0067 0082 0078 0107 008 0104 0100 0.104
total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
ppm

v 313 225 219 214 275 229 223 211 197 177 188 189
Cr 80.1 1028 3246 1466 845 131.1 1431 562 877 884 784 887
Cr* 141.0

Ni 343 280 1189 648 320 397 422 296 386 396 307  32.2
Ni* 50.9

Cu 19 25 40 22 43 24 47 27 39 24 33 32
Zn 63 79 77 71 85 77 73 73 72 67 69 73
Zn* 107 63

Rb 8.2 90 194 234 112 238 295 300 283 306 224 332
Rb* 15.9 16.1

Sr 267 218 251 252 252 262 241 244 241 256 255 259
Sr* 245 264

Y 182 173 174 183 181 194 225 248 237 249 262 270
v* 20.5 .
Zr 474 486 704 809 489 8.6 922 100.0 1103 1046 1166 110.7
7t 62.0 86.2

Nb* 35 3.1

Ba 81 91 160 208 107 184 247 249 288 232 297 - 266
Ba* 380

Sc* 20 22.30

Co* 24.0 35.1

Cs* 0.47

Ce* 133 10.7
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IR (BX)
CH CH CH CH CH CH CH CH CH CH CH CH
& 5 37 38 39 40 41 42 43 44 45 46 47 48
Wt
Si0, 59.36 59.37 59.41 59.44 59.69 59.83 60.16 60.24 60.29 60.46 60.98 61.34
TiO, 0.77 0.69 0.84 0.77 0.74 0.83 0.73 0.76 0.75 0.75 0.74 0.68
Al O3 15.20  16.00 15.81 1568 15.04 14.94 15.18 15.99 15.36 15.03 1563 1525
Fe,03 3.52 2.57 2.79 2.77 425 1.77 3.07 3.42 3.04 3.07 3.08 2.13
FeO 4.39 4.89 5.18 5.13 3.11 5.55 4,88 419 4.80 5.12 3.47 4.44
MnO 0.136 0.135 0143 0137 0134 0.137 0.137 0.132 0.133 0126 0.130 0.125
MgO 4.28 4.19 3.69 4.06 4.63 4.70 3.75 3.74 3.81 3.67 3.89 3.79
Ca0 7.44 7.31 6.82 6.68 7.08 6.97 7.08 6.57 6.65  6.38 6.79 6.56
Na,0 2.19 2.35 2.34 2.54 2.54 2.19 2.51 2.50 2.43 2.44 2.62 2.64
K0 1.11 1.15 1.05 1.15 1.20 1.38 1.03 1.08 1.02 1.18 1.38 1.48
H,0 (+) 1.40 1.18 1.20 0.54 0.84 0.45 0.77 0.85 1.28 1.02 0.28 1.09
H,0 (=) 1.07 0.05 0.65 0.62 0.92 0.52 0.53 0.53 0.94 0.83 0.92 0.38
POs 0.095 = 0.081 0114 0.104 0.088 = 0.111 0.088 0.093 0.092 0.099 0.093 0.080
total 100.00 100.00 - 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
ppm '
\"% 189 212 212 148 174 211 178 153 175 178 156 147
Cr 119.4 81.1 26.1 59.4 87.2 89.8 41.7 32.0 447 58.5 79.2 63.1
Cr*
Ni 67.4 38.3 21.7 29.5 50.5 33.2 18.3 22.0 17.6 30.4 36.8 22.3
Ni*
Cu 4 39 35 31 19 39 37 28 34 36 15 29
Zn 102 84 81 63 66 105 72 62 71 91 58 62
Zn*
Rb 37.0 47.9 347 383 448 42.2 328 32.6 31.6 454 42.5 50.4
Rb*
Sr 243 303 263 252 223 208 225 213 212 226 218 230
Sr*
Y 345 36.9 28.8 28.2 33.8 47.5 33.3 28.0 30.0 45.2 30.9 30.4
Y *
Zr 124.3  149.2 126.2 131.8 1482 139.2 123.7 125.2 120.1 130.1 146.3 137.6
Zr*
Nb* .
Ba 234 364 289 307 312 319 272 328 278 329 354 367
Ba*
Sc*
Co*
Cs*
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CH CH CH CH CH CH CH CH S S S S
Z 5 49 50 51 52 53 54 55 56 57 58 59 60
Wt% :
Si0, 61.96 62.22 6278 6320 63.36 63.58 67.63 69.64 5581 60.39 60.41 61.01
TiO, 0.75 0.78 077  0.79 0.79 0.77 0.98 0.68  1.00 0.69 0.79 0.66
Al,04 15.07 16.31  14.39 14.83 14.56 14.73 1367 1520 1583 1546 1556 15.36
Fe,03 2.16 2.81 3.00 239 2.50 3.59 1.94 298  3.03 2.58 3.53 3.34
FeO 5.11 4.02 460 390 4.14 2.99 3.71 147  6.49 499  3.23 3.75
MnO 0.132 0130 0.144 0118 0120 0113 0.061 0.073 0.183 0.145 0.123 0.132
MgO 3.66 3.65 310 318 3.26 3.07 1.24 1.03 411 3.79 3.36 3.38
Ca0 6.14  5.83 5.91 5.89 5.74 5.80 3.83 3.05  8.44 7.32 6.58 6.91
Na0 2.67 2.21 266  2.83 2.69 2.70 319 307 259 2.55 2.69 2.70
K,0 1.39 1.32 156 155 1.54 1.52 1.69 1.60  0.48 1.06 1.15 1.20

H,0 (+) 0.45 0.67 0.86 0.84 0.79 0.95 1.25 0.85 0.86 0.56 1.30 0.96
H,0 (—) 0.14 0.26 0.12 0.37 0.18 0.30 0.64 0.27 1.08 0.38 1.18 0.51

P,0s 0.0l 0058 0112 0106 0110 0107 0176 0086 0.097 0078 0.096 0.085
total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 ~100.00 100.00
ppm

v 154 180 158 141 142 138 82 65 269 179 169 158
Cr 52.0  69.1 455 1638 377 392 68 126 236 363 740 733
Cr* 10.9 148

Ni 248 341 206 510 173 180 69 454 1568 143 294 2438
Ni* 8.2 7.8

Cu 33 61 3 3 34 32 0 32 42 28 24 30
Zn 70 69 69 63 66 62 56 140 74 70 69 63
Zn* 72 % _

Rb 444 437 479 492 489 465 484 625 146 311 364 331
Rb* 37.1 8.1

St 214 201 217 212 213 206 189 220 261 225 210 214
Sr* 197 295

Y 342 303 378 396 389 368 560 6l.4 201 294 330  3L1
Y* 75.5 23.9

Zr 1452 1311 1681 159.5 - 165.4 1544 1961 2464 779 1146 1263 127.9
Ze* 191.0 69.9

Nb* (AT 2.8

Ba 367 271 809 377 437 363 402 483 192 309 306 300
Ba* 309 215

Sc* ‘ 16 30

Co* : 13.3 29.7

Cs* . 0.49 0.14

Ce* 48.9 13.1
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1R (&)
S 'HM HM HM HM HM HM HM HM HM HM HM

B 5 61 62 63 64 65 66 67 68 69 70 71 72
Wt% :
Si0, 61.21 5453 54.83 5519 5541 5542 56.14 5672 57.3¢ 57.82 5855  59.41
TiO, 078 0.8 091 077 08 078 074 077 083 089 076  0.68
AlLO; 1608 17.11 1592 1656 1629 1614 17.37 1651 1652 1618 1599 15.36
Fe, 05 261 325 280 399 370 560 211 502 299 249 303 218
FeO 410 553 566 482 504 367 537 334 517 576 507 4.8
MnO 0.141  0.171 0155 0169 0226 0.159 - 0.153 0.158 0.153 0.167 0.155 0.140
MgO 329 558 568 437 592 541 466 494 420 384 478  4.33
Ca0 687 671 831 911 806 887 969 847 775 820 795  7.92
Na,0 285 176 233 242 213 211 235 226 247 - 271 234 256
K0 114 043 .00 079 0.8 060 050 061 063 072 084  0.99
H,0 (+) 063 270 130 09 054 058 051 069 120 08 041  0.64
H,0 () 0.21 1.30 097 077 08 057 032 045 065 027 005 013
POs 0.101  0.079 0130 0.086 0113 0.085 0.084 0.063 0.096 0.097 0.085 0.800
total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
ppm

v 16C 214 187 247 234 240 233 212 192 226 186 182

Cr 328 914 930 849 2000 923 941 8.6 539 718 630 539

Cr* 79.6

Ni 154 410 426 272 616 366 262 380 250 231 248 213

Ni* 34.4

Cu 20 44 30 29 34 39 33 28 28 29 37 36

Zn 61 78 66 77 7 73 67 75 7 7 69 69

Zn* 94

Rb 34.9 92 323 214 25 213 137 167 125 209 258 316

Rb* 171

Sr 224 283 294 224 232 265 251 246 264 236 241 214

Sr* 234

Y 294 239 289 227 218 211 194 261 212 235 325 217

Y* 27.4

Zr 126.8 103.3 1084 848 919 829 646  93.3 1144 958 1055 116.3

Zr* 90.1

Nb* . 3.8

Ba 324 253 305 184 192 175 143 218 256 208 255 257

Ba * 147

Sc* 23

Co* 26.7

Cs* 0.41

Ce* 16.0
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HM HM HM HM  EM HM HM HM HM HM HM HM

& 5 73 74 75 76 77 78 79 80 81 82 83 84

Wt%

Si0, 59.71 60.00 60.02 60.43 60.44 60.73 63.05 6320 63.67 6420 64.27 66.06
TiO, 0.85 0.79 0.78 0.76 0.84 0.80  0.82 0.74  0.67 0.73  0.69 0.65
Al,0, 1581 1570 1524 1544 1586 1561 14.96 1492 1546 1512 1526 14.48
Fe,03 2.27 2.43 3.20 3.02 2.61 2.74 3.47 2.81 2.79 2.09 3.07 2.32
FeO 530  4.90 5.06 545  4.73 4.31 3.06 3.71 3.50 3.90 251 3.43
MnO 0.142 0148 0.130 0.136 0.149 0.137 0.122 0120 0.137 0.095 0.075 0.092
MgO 3.91 4.21 3.24 3.24 3.60 377 2.85 3.03  2.00 258  1.84 2.08
Cal 7.54 7.57 657  6.60  5.42 7.14 4.40 529  4.36 509  4.39 4.41
Na,0 249 259 2.65 2.62 2.40 2.52 277 254 2.84 277 284 2.82
K0 .00 0.97 1.12 1.12 1.00 1.04 1.89 146 2.03 1.91 2.05 2.20

H,0 (+) 0.48 0.43 1.05 0.80 0.90 0.80 1.80 1.40 1.01 0.85 1.60 0.82
H.0 (-) 0.39 0.17 0.84 0.29 1.94 0.30 0.67 0.70 1.42 0.56 1.30 0.46

P05 0.108 0.092 0107 0106 0105 0101 0.126 0.088 0.108 0.115 0.106 ~ 0.104
total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
ppm

v 186 180 163 160 164 175 119 136 125 156 127 112
Cr 484 533 416 461 426 939 451  30.0 417 534 462 289
Cr* 55.8 :

Ni 241 224 260 283 232 319 275 137 212 230 168  19.2
Ni* ‘ 25.3

Cu 28 45 35 34 19 33 22 28 15 26 24 17
Zn 76 68 77 6 ! 68 58 62 63 75 64 54
Zn* 72 70

Rb 317 337 361 360 197 334 523 443 626 621 621 693
Rb* 54.8 59.7

Sr 242 232 223 225 179 230 185 173 189 224 189 194
Sr* 185 206

Y 330 275 350 344 293 292 438 366 460 579 564  48.2
Y* 418 50.2

Zr 116.3 1148 1326 1357 1458 122.6 1754 1525 187.3 183.1 1854  205.6
Zr* 178.0 181.0
Nb* 6.9 4.9

Ba 281 257 334 297 386 267 411 400 482 536 516 512
Ba* 175 323

Sc* 20 20
Co* 18.8 18.8
Cs* ’ 111 0.44

Ce™ 32.0 42.4
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§5. EMSLELFMEM :
5.1 Si0,&:
Bl ZHIK S 2 EHPIO Si0, BREZKRDOE B0 TH B,

Bl & 1l Si0,=51~54wt. % (K E~EREZRLE)
P & 1l Si0,=51~55wt. % (RRE~ESERILE)
Z & Si0,=58wt. % (ZlE)

L 5 Si0,=53~54wt. % GESKEZILE)

& H o SiO,=54~64wt. % (ZIlE)

ROK K S10,=68~T0wt. % (F4 441 b)

I\ S Si10,=56~66wt. % (ZKILE~F A+ A1 )
FAZ7KILF - S10,=60~62wt. % (ZILIE)
FAJ7KILB : Si0,=56wt. % (&1L
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5.2 SiO,— BB (F6K)

IO, BIHKIC & » TZ R EBOEB ST, BEAEDELH0.7 50.9wt. %O T
Hbo TiIO, B Si0 i L TRIB—ETH %, Si0, H565wt. %ZHZ % & PP 5> < M
MESN B, ALO;s i SiO 1 L TREPLH BT %, Si0, #3515 5 55wt. O FHPTIZ
ALOs 1F1Th 520wt. %6TdH %o SiO, M55 565wt. BDOFMTIZ AL,Os 13145 517wt. %,
T0wt. BRIR TII13D 516wt. B TH B, ILEBICZHIEBERBVIIE SNV, 283 Si0,
ML b ->THDT 2, MgO R SIOBMIc & 78 - TERDT 25, ke k - TP
BOWHHEON S, BIFRILTIE Si0, M52wt. %Ik L T5.5wt. 6 TH O, FEFILTIZ52wt. %
XL TE.5wt. % ERPE L, NIRE, REAFBRZNIFEEVIZIS 50T SI0, H56wt. % T,
MgO i34.5~ 6 wt. %, 6lwt. 6 TiE3~4wt. ¥ Th3, LhL, RHEFOXIEOHIZIZ
Si0, A355wt. %6 T MgO #37.5wt. % L EWEERRT bDHH B, Ca0 i3 Si0, 12 & b7 - TR
DL, EICE > TEVIRZ WV, Na,0 & SiO HiMc & b ->TWMLTWVWS, K,0 i
SiO. MM & b78 > TWMT 201 LkIc L > TEDBIBEKL > TV B, Bigrl & FERRLI0.1
~0.5wt. 6 TH 5, /\IEE, RARKREL Si0, BTH~S EXFAE, NBEDIHIZ K0 K
{183, BlZIE, Si0, 4356wt % TRAFIEIR0.8wt. %6, /\IBFEIX0.4wt. ¥ TH 3, EDLL
BHERINIEMT 20574 44 F TREN D, BELD T4+ 4 +IRIED» 5 OEIIE +
VY FLhickdz, UL, /NEFED SIO, 53650 56Twt. KD F A 44 FEILED LY K
DIEE L D EVEERT , RAFOTA ¥4 FIED I L F EiCbAERTIEMEEZRT,

5.3 Si0,—FeO*/MgO K (H7K)

JNBSEKILBFZ RS 28501, 2L LTSiI0,—FeO* /MgOR LicBW\wT, VL 74
MEEDS S AV TVA ) R E TEENIC T oy FENRB, 12720, kB ARES, %
NENDILEZBRT 250 CH RO DIENHZ 00D, Lok EHBRT 3 E5AELI3E
Miyashiro™ 12 & 5 CA/TH ERBICEEETR P LY FEHOVT WS, [LiEEI LB T 3
7o, BIRILAZ R E 3, FEEIREE S BRI LR SR KILFRBR W e £ 1, BT B
FREBELKL S NBERILEO—ERRZL, KLY BLXUKE (#fh) 07— %H
WTHET 2, SILEEZHERT 2 5A0RTHERIIROEBD TH %,

AIFRLL : Vv 7 A1 b EER |

FEHIL . VLT A P EHVI T ) FEROBERAST
REE : Avy 7vh Y EER

JNIESE - vy 7 v Y §EER
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IR JIBEKUBEHY O Si0,—FeO * /MgO K, HE#R1E Miyashiro (1974)
itk % CA/TH R %R

B (L vy TvA Y GEE
£ b LY FANEIE CA/THEREICETROT, TofEEHVT, &&EBO FeO™  MgO
% Si0,=575% Ic Bt s B3 T Lic kD, $NTOF—Fic>VWT CA/THEHR» 5> D
BEERB S EMNTE, HVITVANVESBVRY LTA FEENS  EATRETH B, 40,
TRTOBEHC DWW T I DEZFHEL 120

54 K,0—MgOB (5% 8MX)
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ADERERTBT 754 b« RIS FDEF ZFERE ) 5 A £15ED Wpp /B £E4%
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ERTOOTHS0 B, 27—y, YNaY, TRE4 N 7554 b EERIR &
LTEBG. ROGEREOOORBA —% v 288, EXCEBERMO YR —GAEL TV,

ot

5 15R(1) Major and trace element chemistry of some Proterozoic granites from Sweden.

Billsta granites Revsund granites

Sample No. 829013 82902 82903 82901A 82904 82809 82507 82909 82501

82505 82510 82509 82504
Si0: 70.56 70.94 7238 7331 7354 7216 5981 6282 63.89 6452 6440 6455 65.40
TiO: 0.41 032 031 020 0.09 038 1.47 1.08 098 084 099 084 0.75
ALOs 14.93 1539 14.16 13.98 14.85 14.02 1459 14.47 1466 14.90 1460 1522 1537
Fe.0s 074 029 017 0.02 0.08  0.14 1.92 227 152 144 1.97 1.15 141
FeO 139 141 1.55 1.55-  0.67 2.04 841 6.54 537 465 518 461 4.17
MnO 0.02 0.01 0.02 0.01 0.01 003 013 010 008 0.08 009 007 0.07
MgO 063 054 054 040 0.24 0.45 1.86 1.15 1.08 104 121 0.93  0.91
CaO L2 113 093 0.95 0.79 1.3¢ 417 298 324 250 2091 2,57 285
Na:0 322 319 273 3.00 3.44 292 319 312 322 296 309 313 3.21
K:0 581 6.01 593 560 541 582 347  3.91 473 559 383 594 473
H0* 091 041 .02 077 0.64 048 043 090 085 1.01 1.21 0.65 0.74
H.0" 0.10 017 006 010 0.10 0.11 010 017 008 021 018 010 0.17
P:0Os 0.16 020 020 0.2 0.15 012 047 050 031 026 033 025 0.23
Total 100.00 100.01 100.00 100.01 100.01 100.01 100.02 100.01 100.01 100.00 99.99 100.01 100.01
mg—value 035 036 0.36 0.31 036 027 024 019 022 024 0.23 022 0.23
A/ CNK 110 1.1t 1.12 1.10 1.15 1.04 088 098 090 096 101 0.94 099
Ba(FAA) 572 605 239 391 293 846 1439 1451 932 2191 1068 1740 1342
Ba(PAA) 481 380 245 205 1071 1036 1116
Ce 166.6 1209  98.1 41.9 114.4 105.3 81.3
Co 3.1 2 2.2 1.1 19.3 11.1 8.5
Cr 26.9 0.8 5.6 2.1 30.8 37.3 26.4
Cs 875 842 16.73 5.72 5.68 9.73 8.11
F(ionanal) 2037 1478 2330 1465 623 2485 911 1078 1130 1106 970 1192 828
Nb 19.7 12 151 13.1 29.3 22.9 20.1
Ni 3.8 3.7 2.8 1 15.7 44 4.1
Rb 385.4 3447 4011 335.6 125.2 190.9 221.5
Sc 4.9 4.6 15 1.8 29.6 16.3 7.6
Sr 89.9 865 58.2 70.4 239.1 217.7 204.6
Y 7.3 9.3 2.8 11.6 45.6 39.1 21.2
Zn 49 40 33 34 100 56 53
Zr 242.6 1885 1523 76.1 444.6 508.4 423.9

Billsta granites

. . Revsund granites
88082901 B : Muscovite—biotite granite

88082501 : Cummingtonite—hornblende—biotite granite

88082902  : Muscovite—biotite granite 88082504 : Cummingtonite—hornblende—biotite granite
88082903  : Muscovite—biotite granite 88082505 : Cummingtonite—hornblende—biotite granite
88082901 A : Muscovité—biotite granite 88082507 : Hornblende—orthpyroxene—biotite granite
88082904 : Muscovite—biotite granite 888255(1)8 : I'IOI'nblc{lde*biotitcbgfanite
. scovite—biolit . 88082510 : Tourmaline bearing biotite granite
88082809 - Muscovite—biotite granite 88082909 : Garnet—orthopyroxene—biotite granite
88082910 : Hornblende—biotite granite
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§4. RS HLUMEBRATEONIE L FIEREEDILFIEE

FERADFICOVWTREDET v 7 AR EERESHA Lico FeO 3@~ v 7 VBRA U T
EHE, TR c:?u\fci&ﬁ%ﬁ‘éfﬁfif, HO+ REEBEOREEZRAL, T v 7 ARED
FER LB T100%61078 5 & D IWHETE Lico EBITERD S B Ce, Co, Cr, Cs, Nb, Ni, Rb, Sc,
Sr, Y, Zn,Zr i D WT B TFHEMEAH, Ball oW TEETBHMEATE 7 L —a1 2

51502
Nordingra granites Karlshamn and related granites

Sample No.  82804-82801 82807 82802 82803 72716 72704 72715 72806 72807 72803 72801 72605 72601
Si0: 52.10 7177 7191 7324 73.79 63.87 66.79 67.51 66.08 66.56 69.26 73.80 66.04 74.25
TiO. 063 035 041 026 026 116 086 091 090 1.00 049 021 086 025
ALOs 23.24 12.99 1262 1268 12.18 13.58 14.20 13.28 1450 1376 14.21 13.42 14.06 13.29
FeOs 134 120 052 131 238 353 212 278 224 268 139 041 273 052
FeO 408 221 336 189 08 310 235 233 284 258 215 131 267 1.02
MnO 0.07 0.04 0.05 004 004 014 011 010 010 011 006 006 011 0.05
MgO 1.99 028 016 011 032 142 123 1.09 108 113 087 039 107 038
Cal 1061 1.07 134 097 039 324 262 265 306 262 223 139 262 173
Na.0 379 3.02 3.02 306 298 311 353 315 388 327 316 3.02 296 3.38
K:0 0.69 6.07 574 582 584 541 447 497 417 519 513 548 580 4.57
H.0* 114 076 064 046 078 074 109 064 070 055 083 040 0.62 046
H:0™ 021 02t 019 012 017 010 025 017 010 014 009 006 0.1z 0.07
P:0s 0.13 003 0.03 003 002 061 038 042 035 042 014 005 033 0.04
Total 100.02 100.00 99.99 99.99 100.01 100.01 100.00 100.00 100.00 100.01 100.01 100.00 99.99 100.01
mg—value 040 0.3 0.07 006 016 028 033 028 028 028 031 029 027 031
A/CNK 0.88 096 0.93 097 1.02 08l 092 08 08 087 09 1.00 088 0.97
Ba(FAA) 207 1200 1416 1602 604 1630 1437 1424 1496 1495 1995 982 1764 604
Ba(PAA) 1320 1148 916 325 1469 1219 1840

Ce 1416 84.7 145 161.3 305.9 227.1 318.7

Co 0.2 0.2 0.2 02 . 84 7.5 6.1

Cr tr  50.2 0.1 142 199 14.7 19.1

Cs 453 412 555 865 238 3.04 2.29
F(ionanal) 224 1341 1209 1369 130 2315 1710 2218 1340 2303 1365 1003 2293 901
Nb 25,5 263 19 263 424 40.7 49

Ni 0.7 3 0.7 1.2 0.5 1 6.7

Rb 232.2 2337 252 2914 1952 287.5 275.4

Sc 45 43 3.5 46 208 16.4 17.4

Sr 752 717 621 361 3735 320.3 394.4

Y 842 926 779 86  90.1 75.5 90.9

Zn 132 99 104 ~ 366 103 109 100

Zr 641.8 7415 498.1 4918 7122 570.1 805.9

Nordingré granites
88082801 : Porphyritic clinopyroxene—hornblende granite
88082802 : Hornblende bearing clinopyroxene granite porphyry

88082803 : Granite porphyry

88082804 : Anorthosite
88082807 : Olivine—clinopyroxene—hornblende granite porphyry

Karlshamn and related garnites
Karlshamn granites
88072804 : Biotite granite
88072715 : Biotite granite
88072716 : Hornblende— biotite granite

Klagstorp granite
88072806 : Hornblende—biotite granite
88072807 : Hornblende—biotite granite
Spinkamala (Morrum North) granite
88072801 : Biotite granite
88072803 : Biotite granite
Jimshdg granite
88072601 : Biotite granite
88072605 : Biotite granite
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5 1%k03)

Bohus granites
Sample No. 80906 81009 80803 80908 80805 81006 80807B 81005 80808 80804 81007

SiO; 68.51 70.95 71.07 70.88 72.35 73.42 71.65 72.98 73.07 73.82 74.60
TiOz 0.46 0.31 0.35 0.22 0.25 0.20 0.28 0.20 0.20 0.21 0.07
ALOs 15.09 14.44 14.16 14.90 14.21 14.27 14.31 14.06 13.96 13.53 14.03
Fe:0s 0.69 0.68 1.18 0.64 0.64 0.00 0.74 0.20 0.49 0.77 0.02
FeO 2.54 1.69 1.30 1.18 1.18 1.23 1.12 1.35 0.99 0.96 0.53
MnO 0.06 0.02 0.08 0.07 0.06 0.03 0.06 0.07 0.05 0.06 0.03
MgO 0.90 0.49 0.57 0.56 0.44 0.44 0.53 0.36 0.38 0.47 0.23
Ca0 2.11 1.49 1.50 1.31 1.43 1.27 1.36 1.34 1.41 1.25 1.43
Na:0 3.64 3.26 3.54 3.77 3.56 3.21 3.35 3.53 3.38 3.34 3.27
K:0 4.32 5.47 5.20 5.26 5.07 5.09 5.74 5.07 5.27 4.93 5.03
H.0* 1.28 0.92 0.72 0.92 0.63 0.65 0.60 0.61 0.59 0.47 0.53
=0~ 0.27 0.16 0.24 0.22 0.11 0.17 0.16 0.17 0.17 0.13 0.18
P:0s 0.14 0.12 0.09 0.07 0.07 0.05 0.10 0.06 0.05 0.06 0.04
Total 100.01  100.00  100.00  100.00 100.00  100.03  100.00  100.00  100.01  100.00 99.99
mg—value 0.33 0.27 0.29 0.35 0.30 038 034 0.29 0.31 0.33 0.41
A/ CNK 1.04 1.03 1.00 1.04 1.02 1.09 1.01 1.02 1.01 1.03 1.04
Ba(FAA) 1109 648 1096 784 718 519 1066 1087 791 532 539
Ba(PAA) 17 484 492 630 516
Ce 262.8  183.3 116.2 ’ 137 42.3
Co 4 3.3 1.8 1.7 1
Cr 14.7 3.2 1.5 0.9 2.9
Cs 1.67 2.39 2.92 2.54 1.71
F (ionanal) 1053 542 1261 1089 1042 281 895 978 - 754 928 125
Nb 25.5 14.8 18.7 17.6 6.2
Ni 3.8 1.2 3.2 1.7 1.5
Rb 257.6 233.8 231.9 303.9 163.3
Sc 9.3 4.1 4.3 4.3 14
Sr 171.1 118.2 134 182.8 171.4
Y 36.7 21.2 21.9 11.1 42.2
Zn 64 56 20 30 13
Zr 363.2 269.4 177.1 198.5 76.4
Bohus granites 88081006  : Muscovite—biotite granite

88080906 : Muscovite—biotite granite 88080807B : Biotite granite

88081009 : Muscovite—biotite granite 88081005 : Muscovite—biotite granite

88080803 : Biotite granite 88080808 : Biotite granite

88080908 : Muscovite—biotite granite 88080804 : Biotite granite

88080805 : Biotite granite 88081007 : Garnet—muscovite—biotite granite

FFRSEERH Lo FIio0WTikA 4 YEBREERAW . EEFHEHM AN BIR P
SR, T EEEICER OB T 51 F v 7 R L, HHET X V¥ —30MeVEH TS -
foo AWTHERAELE 1 i, SiO, &FHNH & CHMERS & DBIRES 6 KR,

4.1. BillstaER%S
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74 TTREDHEETRT . WIhbd SIOWECEET, HVHls &85 L C{LFHED 5
FHH S D ITIRICEE R % Revsund RS & XAl &N 5, g obimwT L2 RBL
TF /T HANE WV, FRRED SIOEHERER >PMOIEME T TR0 LF ILPPE
% BaltZ L\, Ce, Nb, Zr ZEBICHEDT 5, Y, NbICZ LS RbIZEG, Cs i34 4 VHERE
DPERBREL, A vV F L EYF o BREVRY, RikE THREICBET S LB
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BT A/CNK—SiO, relations for granites.
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4.2. Revsund TEEE
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%8 Mg-value—SiO; relations for granites.
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4.5. Bohus TEBE
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FEER, I ORDRYVI VICEBABEEL DN B, Ba OAMBHARA ) ER D5 HI
DEBTHL Do MLITPES Zr, B & U Ce 75 & O LREE O O [ i3 Eliasson and
Schoberg® it &k » THHEEN TV 5,
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#9 Tectonomagmatic discrimination diagrams plotted in (&) Nb—SiO,,
(b) Rb—Si0,, (¢) Y—Si0,, (d) Nb—Y, and (¢) Rb— (Y+Nb) relations by
Pearce et al.'.
Abbreviations denote volcanic arc granites (VAG), ocean ridge
granites (ORG), within plate granites (WPG), and collision
granites (COLG).
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Development of New Electron Counter System
for High Resolution Photon Tagging

T. Sasaki, S. Ito, O. Konno, K. MaedaT , H. Matsuyama
T, SudaJr , M. Takeya, T. Terasawa, M. N. Thompson tt

Laboratory of Nuclear Science, Tohoku
University, Mikamine, Sendai 982 Japan
i College of General Education, Tohoku
University, Kawauchi, Sendai 980 Japan
TTSchool of physics, The University of
Melbourne, Parkville 3052, Australia

A highresolution electron counter for the photon tagging system has been developed.
This system consists of 40 plastic scintillators, 4 optical fiber bundles with 10 branches
and 4 photomultiplier tubes. This high resolution counter (HR counter) is installed in
front of the preexisting tagging counter arrays. The improvement of resolution is a

factor of 4 at £,=42.2MeV and 6 at £,=65.6 MeV.

§1. Introduction

At an energy region above the Giant Dipole Resonance (GDR) and below the 7 —
production threshold, we have studied mainly (7, p) , (7, n) , (7, NN) reactions on
light nuclei by using tagged photons. Informations obtained from light nuclei have been
of great importance in understanding of nuclear reactions. When we proceed to heavier
target, it occurs a problem that we cannot identify the level of the final state because of
the insufficient energy resolution. The energy resolution of the present system is A E,=
2.6 MeV.

For heavier nuclei of interest, the separation between the ground and the first exited
state of the residual nucleus is typically 1.5MeV. Since we can expect the energy
resolution of the proton or neutron detector as around 1 MeV, we need to improve A E,

to about 1 MeV.
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§2. Design and construction of high resolution tagging counter system
:Important points for the design of new system are ;
1. Reliability under high counting rate
2. Simple acquiring circuit
3. Compatible with the preexisting system.
The arrangement of a high resolution counter (HR counter) is shown in fig 1. It is

mounted on the focal plane of the tagging magnet. It consists of three parts ; 40 plastic

Beam

Electron Beam
Tagging Magnet

———d

m Detectors

Fig. 1 Schematic setup of the high resolution tagging counter system.

scintillators 4 optical fiber bundles and 4 photomultiplier tubes. The size of a plastic
scintillator is 5 mm thick, 10 mm width and 100 mm long. The fiber bundle (Mitsubishi
Rayon Co.,LTD) is 40 cm long and has about eight thousand 0.25mm ¢ optical fibers,
which was divided into 10 branches in order to read signals from 10 plastic scintillators.

The bundle is viewed by a photomultiplier tubes (HAMAMATSU —H 1161 ). Each
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scintillator has one-third overlap with the next scintillator. By taking coincidences and
anti-coincidences between neighboring scintillators; we can define the width of each HR
counter as 3mm. The position of the electron is decided by taking coincidence with the

preexisting tagging counter. Fig 2 shows this overlap and readout.

- PMT 2

. . B
Optical Fiber undle___.> PMT 3

- PMT 4

Plastic Scintillator Array

Fig. 2 Schematic diagram of the plastic scintillator, optical
fiber and photomultiplier.

§3. Energy calibration

Momentum analyzed electrons (A P,/ P=0.1%) from the linac were injected into
the tagging magnet to make the energy calibration of the HR counter. Since the linac
duty factor is 0.196 (pulse width=3 us, 300 pulses,/sec) ,the accidental rate within
CAMAC cycle restricts beam intensity. Because of this limit, the electron linac was
required to operate with cold gun cathode (cold emission ) .The counting rate for one
tagging counter was approximately 10~100 sec ~'.We changed the electron beam energy
as £/.=50,65,80 MeV and for each electron energy the magnetic field was varied, so as to
cover all channels of the HR counter.

A shape of the electron beam is shown in fig 3. The precise beam position and width
are determined by a Gaussian fit. The horizontal axis represents relative positions of

plastic scintillators on the focal plane. The beam size is approximately 3mm (FWHM) .
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Fig 4 shows energy calibration 5000 ]
results for theHR counter.The 4000 | 3
horizontal axis represents a serial - .

g 3000 T
number of the HR counters and § C ]
@] - ]
the vertical axis represents the 2000 T
recoil electron energy when the 1000 _:_ _:_
magnetic field is 4300 gauss. This E .
. . L 0 F—— =41
result fits with a quadratic 6 9 12 15 18 (mm)
equation, Fig. 3 Electron beam profile. The horizontal axis

represents relative positions of plastic
scintillators on the focal plane.

90

Y = 0.00704 x X*
+ 0.760 x X + 58.2
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o
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Fig. 4 Energy calibration results. Curve is fitted by a quadratic equation.

§84. Results

Finally, we obtain the energy resolution of 430 KeV at E 7 =65.6 MeV and 650 KeV at
E y =42.2MeV. Fig 5 showsthe comparison of the HR counterresolution with the
preexisting tagging counter resolution.

So far we haven’t discussed about the reliability of the new system under the high
counting rate condition. Because our HR counter has only 4 photomultiplier tubes, the
counting rate per one photomultiplier tube becomes about 5 times higher than

before. In a typical ( 7, p) experiment, the electron rate per a tagging counter was
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90 ' #24 .
85 -+ =5
= 80 3
[ - Z
2 75+ 3
I3y - 3
m o .
70 " Preexisting TaggingH
= #15 | = Counter 3
65 | . " HR counter EN
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High Resolution Counter Array

Fig. 5 The comparison of the HR counter ‘with the tagging counter.
This shows the improvement of a resolution by a factor of 4 at E,=87.6 MeV
(E,=42.2 MeV) and a factor of 6 at E,=64.2 MeV (E,=65.6 MeV) .

about 1.5X10° (counts,/sec), whereas in the new system one photomultiplier tube must
work under 7.5X10° (counts, sec) .In our system, the tagging channel is defined by taking
coincidence between overlapping plastic scintillators. High counting rate cause accidental

coincidences between these counters, which lower the energy resolution.
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subpgm
parm AD$,MSEG,WAF(),ST,SP 'AD$=adress, WAF()=wave form data
WAD$="WRT "+AD$+";" 'ST=integral start ch.SP=stop ch.
RED$="RED "+AD$+";"+STRING$(30,20)
*START
gosub *PARM.READ 'read parameter
gosub*GPIB.TFI . 'read wave form data
gosub*PLOT ‘display data
gosub*AREA ‘calculate area
input "OK";Y$
if Y$="N" or Y$="n" then *START
returns
*PARM.READ
cls
print "SAMPLING TIME = ";time$
TEKDATA$="CH1? VOL":gosub *GPIB.READ
VOL=A*1000:print "CH1 =";VOL;" mV/div
TEKDATA$="HOR? ASE":gosub *GPIB.READ
SWEEP=A*1E+06:print "Horizontal Sweep = ";SWEEP;" usec/div"
return
*GPIB.READ
gosub*GPIB.SEND
G$=usrO(REDS$)
STl=instr(G$,":")+1
A=val(mid$(G$,STI))
return
*GPIB.SEND
G$=WAD$+TEKDATA$:G$=usr0(G$)
return
*GPIB.TFI
TEKDATA$="CURV?":gosub *GPIB.SEND
G$="TF|"+ad$+";&H17FF,&H800,&H"+hex$(MSEG):G$=usr0(G$)
ADR=&h800+10
forl=0t0 1023
WAF(l)=peek(ADR+)
nextl .
return
*PLOT
if FLAME=1then*LINE
FLAME=1
loads "TEK-FL1":calls "TEK-FL1":deletes "TEK-FL1"
*LINE
calls "TEK-PL1",WAF()
return
*AREA
calls "TEK-AREA",AD$,WAF(),VOL,SWEEP,ST,SP
return

B2 WEBASREY 770 s 5 A
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A flexible automation system which is applicable to various modes of radioactivity
measurement has been developed. This system is composed of five units of robotic
measurement system, a free workstation for program development and a server with 60-
MB hard-disk in which programs, nuclear data and status information of each worksta-
tion are stored. These units are networked through Ethernet-type PC-LAN. One unit
consists of a small revolute type robot, a16-bit personal computer, a multichannel
analyser or a counter /timer connected with GP-IB. All measurement programs are
executed by menu-driven system using a mouse as a pointing device. This éystem enables
all users to measure various types of samples continuously and to analyse the daté very

easily.

§1. Introduction

Radioactivity measurement detecting 7-, X- or B-rays has been one of the most
tiresome works for almost all of radiochemists, because they are forced to measure
various forms of samples under the complex conditions night and day. Especially in

activation analysis, radioactivity from many samples and comparative standards must be
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monitored continuously and large quantity of data must be processed. Several automation
systems on the market are for the limited purpose and very expensive. Additionally many
systems for radioactivity measurement based on micro or minicomputer has been mainly
devoted to improve the efficiency and quality of data processing so far. In order to solve
above problems and to satisfy much of the radiochemical requirements, an automatic
measurement system using a small revolute type robot for sample changing was first
developed in the spring of 1984'®, Since the introduction of this small robot, the automa-
tion system in our laboratory has been rapidly improved and extended with the innovation
of computer technology®*®. The history of the automatic measurement system is given in
Table 1. The original system was controlled by the 8-bit personal computer with 32kB
RAM, 256 kB Tape-cariridge which had been used as MCA controller since 1981. In 1985,
three sets of the 16-bit personal computer with 1 MB RAM and two unitsof 1 MB floppy-
disk drive were introduced in order to improve the ability of data processing. Although
the updating of software has become one of the most troublesome work, because various
versions of programs have been developed for several types of MCAs, sample holders and
modes of measurement. Therefore a network system has been introduced in 1988 as

indispensable one for the easjr maitenance of software. This paper outlines the flexible

Table 1. Histry of the automatic measurement system.

1984, NAIG MCA, RM-101 Robot and HP-85 ( 8 bit CPU, 32kB RAM) system start.

1984, Counter system starts.

1984, 10 New MCA (Canberra S35+) is added.

1985, 3 FM-16 8 (16bit80186CPU, 1 MB RAM, OS : CP,/M 86) is introduced.

1985, 10 Canberra MCA 5S40, 2 set of FM-16 8 are introduced.

1986, 3 Total 4 sets (3 sets of MCA, 1 set of counter system) are completed.

1988, 3 DS-Link (MS-Network, OS ; MS-DOS) is introduced. (20MB HD Server -+
4 Workstations) :

1988, 10 1 set of MCA system, 2 sets of FM-R50 (80286 CPU) are introduced. ( 6
Workstations) .

1990, 8 Network cable is extended to Machine Control Room and Radiation Safety
Control Room. (3 X20 MB HD Server + 8 Workstations)

1991, 7 Information service via university network (TAINS) starts.

a1 W
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laboratory automation system for radiochemical study in the Loboratory of Nuclear

Science.

§2. General consideration

Following things are considered for the development of a new system. Those are, 1 )
a short term of development, 2) an applicability of the exsisting hardware and software,
3) an easy maintenance, 4 ) an improvement of convenience and reliability, and 5 ) a

correspondence of a future development.

§3. System overview
3.1 Hardware

The layout of the LAN system is shown in Fig. 1. This system is composed of five
units of the automatic equipment and one workstation for data processing énd program
development. All workstations (16-bit personal computer) are connected to a file server
with three 20MB hard-disk units through the DS-Link (Fujitsu). This network is based on
the IEEE 802.3 LAN (Ethernet) using a coaxial cable with the transmission speed of 10
Mbps. A100m of coaxial cable was also extended to the LINAC machine control room
and the radiation safety control room and connected to each workstation.

One unit consists of a personal computer ; FM-16 8 or FM-R50 (Fujitsu), a robot ;

[ eM-16p [{s0mB uD]
DS-Link (10Mbps) Server

o ! I I B . 1

—
| S N
WS-1 Tr ws-zT WS-3 T WS-4 T WS-5 WS-6
FM-16 B FM-16 B FM-16 B FM-16 BJ FM-R50 FM-R50

GP-IB GP-IB GP-IB GP-IB GP-IB

[Counterl [ Robot ||MCA] [Robot HMCAJ [ Robot | |MCA| rRobot | |MCM ‘ RobotJ

Server 9600 bps

! .
t
TAINS (University Network) :: — ! — : )
| ! WS- 3 :
. . i ] v
Comunication RS-232¢ : E |
1, ]
’ \
]

Fig. 1. Layout of the network system.
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Movemaster RM-101 (Mitsubishi Electric) or PZ-AR 1 (Taiheiyo Kogyo) and a multi-
channel analyser ; E-series (Toshiba), Series-40, 35+ (Canberra) or a E-541 dual counter/

timer (Toshiba). The robot and the analyser are controlled by the personal computer via
GP-IB interface. For robot control, an adoptor of UIO-488C (MCI engineering) is used
for interface exchanger between Centronics and GP-IB. All sample storage racks were

hand-maded. As an example, Fig. 2 shows a photo of one unit.

Fig. 2. Photograph of arobotic measurement unit.

3.2 Software
3.2.1 Language and utility
Network system was drived with the software of MS-networks (Microsoft), DS-Link
driver and CPMGR (Fujitsu) on MS-DOS v3.1 (Microsoft). On this network environment,
the hard-disk of the server is equally available from each workstation. All programs for
robot teaching, data acquisition and analysis were stored in the hard-disk of the server.
Those programs were written with a BASIC language (FBASIC-HG) for easy understanding
for various users. The FBASIC-HG supports subprogram system for saving memory and
constructing a program functionally. A set of GP-IB board and its control software which
supports DMA transfer mode, service request and is available on FBASIC-HG was

purchased from Ratoc System.
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3.2.2 Construction of program and file management

When a workstation starts up, a system clock of workstation is setted by the server’s
clock and many useful subprograms for control and data processing are tranferred from
the server to RAM disk after loading FBASIC-HG. As the control of different MCA need
different subprograms, the instrumental information stored as “IN. dat” in the system
disk is used as a parameter in each program.

A menu driven system has been adopted for easy instruction. In the bigining, a list of
program which is consist of 1) Robot teaching, k2 ) Simple remote measurement, 3)
Routine measurement without robot, 4 ) Robotic measuremsnt, 5 ) Qualitative and
quantitative analysis and 6 ) Information service of network status is shown on the
display of workstation. The menu item of all workstation is the same. When the position
of appropriate menu item is pointed with mouse, each program starts.

In the case of above measurement programs 2, 3 and 4, the conditions of measure-
ment and the method of data processing can be easily defined and/or modified by selecting
a region of the displayed control panel with mouse. Figure 3 and 4 show the graphic
display of program 2 and 3 respectively. The setting way of the measurement condition

is the same for the different multichannel analysers. The data cf spectrum and acquisition

T AT T

T

2l

Fig. 3. Photograph of a remote control display for simple measurement.
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Fig. 4. Photograph of a remote control display for continuous measurement.

condition are stored on the second floppy-disk drive. The data file is managed with the
name of “MMDD” + 4 characters of sample name + “.DAT”. “MMDD” is automatically
added as the date of measurement (month and day) in order to avoid the duplicate file
name. |

In the case of qualitative analysis, programs for 1) Automatic spectrum search, 2)
Specific peak analysis, 3) Decay correction, 4 ) Correction of spectrum overlapping and
5) Sequential run of above procedures for specified nuclides in the secified spectra files
are provided. Addition to the above program, some utility programsfor 1 ) Creation and
correction of experimental record, 2 ) Creation and correction of nuclide file and so on
are also provided. The results of spectrum analysis and experimental record are stored on
the first floppy-disk drive, where is usually put the system disk. The record of analytical
sequence is managed with “ANAL” + 2 characters of experimental code + 2 characters
of measurement code and the analytical result is also managed by adding “AREA” in the
file name as above. The experimantal record file is distinguished by “EXP” + 2 characters
of experimental code.

If you want to execute quantitative analysis after qualitative analysis, 1) two kinds

of comparative method, 2 ) two kinds of stable isotope dilution method, 3 ) two kinds
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of internal standard method are supported.

As the information service, a time schedule of measurement, the execution records of
measurements are provided. The same informations are available at the every campus of
Tohoku University via university information network called TAINS, because the work-
station in the radiation safty control room plays as the host of an electric bulletin board

system and can send a specified information through a communication server.

§4. System performance

4.1 Hardware

4.1.1 Robot system

This small robot has a suitable size for laboratory use. Various types of samples

such as disk, foil, filter paper and test tube can be measured after teaching robot only for
about half an hour. A turntable method is applied to the measurement of a test tube
containing liquid and a small filter paper. A vertical gravity-feed type holder is used for a
pellet or foil fixed in a sample vial or a filter paper fixed in a Petri dish. Sample is holded
in the robot hand during measurement. As the movement speed of robot arm is setted the
slowest level for safety, it takes 2 minutes for changing. In the case of long aquisition
time, it is more important to measure night and day than to reduce the time for data
processing and sample changing. One robot has been able to save 250 man-days in a year.

4.1.2 Network system

Though a DS-Link card is slightly expensive (100,000 yen) compared with a cost of a

hard-disk, the merit of common ownership of hard-disk is the most attractive feature of
network even in a system composed of a small number of workstation. Because many
latest programs or data are available everywhere without any floppy-disks. An access
time to server’s hard-disk is faster than that of a workstation’s floppy-disk. Although,
when the server causes some trouble, all workstations cannot work. In order to avoid the
above risk, all indispensable programs are transferred to the workstation’s RAM-disk
before starting a measurement cycle. Of course, all programs are duplicated in another
hard-disk unit. If one part of the instrument has some trouble, measurement can be

continued by subtituting the part from a spare or another unit of measurement. As spare
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instruments, one MCA and one robot are currently reserved.
4.2 Software
4.2.1 Subprogram system
The design of the architecture is the most important step of the creation of program.
In order to make the best use of subprogram system, each part of MCA and robot control,
1/0, graphic and data treatment was devided into subprogram with a few kB si.ze and
main program could be reduced to a small size, which was constructed by the combination
of subprogram callings. Of course, one subprogram can call the other subprogram in the
depth of fifteen layers. The head of subprogram name for MCA control is added “NAIG-”
for Toshiba (old name was NAIG) or “CAN” for Canberra according to the instrument.
Each workstation connected to NAIG or Canberra MCA can call the pertinent subprogram
automatically according to the “IN. dat” recorded on the system disk. These subprograms
are for 1) “collect start”, 2) “collect stop”, 3) “clear data”, 4) “preset memory usage”,
5 ) “preset counting time”, 6 ) “data transfér” and so on. A subprogram commonly used
in all program or subprogram is named “COM-xxxx”. These subprograms are for 1)
spectrum plot”, 2) “peak search”, 3) “store data”, 4) “read data” and so on.
According to the two couples of system, “FM-16 8 and Canberra-MCA” and “FM-R50
and NAIG-MCA”, there are two kinds of small main program such as “xxxx-MH”, “xxxx-
CH” and “xxxx-AH” corresponding to simple remote méasurement, routine measurement
without robot, robotic measurement respectively (“xxxx” ="“CAN” or “NAIG”). Because
the system software (GPBIOS) for GP-IB handling of FM-16 B is slightly different from
that of FM-R50. Then, two kinds of main program call the same subprogram for control
panel display. Although it is unnecessary for users to distinguish which type of personal
computer or MCA is connected.
When one sﬁbprogram is improved, all programs using this subprogram change into
a new version simultaneously and instantaneously. Therefore, all users on each workstation
are always available the newest version of program provided from the server.
4.2.2 Development time
Although the 16-bit machine using MS-DOS is a “Single task/Single window” machine,

one workstation can be used for the developement of a program and another workstation
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connected to various instruments can be used for checking the performance of their
program simultaneously by using this network environment. Therefore, the subprogram
system and the network environment lead the reduction of the period of development and/

or improvement.

§5. Conclusion

Since 1984, not only a radiochemist but also a biologist, a geologist or an engineer
has been used our system, and many reports have been publised in the field of analytical
chemistry, radiochemistry, geology, biology, solid-state physics and environmental science.
A network environment has expanded the ability of a single personal computer, especially
in development or maintenance of program, data processing and transmission of informa-
tion.

Now, today’s spectrometer system costs about 3,000,000 yen without detector on the
average. About 109% of additional payment make possible to establish the automation
system. Therefore, six sets of these units have been introduced into Cyclotron Radioisotope
Center, Institute for Materials Research, Department of Chemistry in Tohoku University.
Of course, a different type of personal computer, MCA, sample rack or interface has been
incorporated in these systems.

The characteristics of this system are the flexiblity for extension and exchange of
unit, the ease of handling and maintenance, and the inexpensiveness. Therefore the network
system will be improved continuously according to the advancement of hardware and
software. In this two years, the network environments, such as a 32-bit CPU, a multi-task
0S and network software have been improved rapidly. It will be expected that an position
encoder should be installed in a small robot in order to improve the reliability of robot
movement.

It is the future goal of this system in our laboratory to realize the fully automatic
continuous operation, which contains the sample preparation, the irradiation, the measu-
rement and the data analysis. The expert system for activation analysis will be also

constructed in the course of the above development.
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