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Table 1 Analyses of JBla by INAA and the accuracy.
CV :Consensus value after Ando et al., 1987.

o :standard deviation

N :number of analyses

Concentrations of trace elements are in ppm.

Element CO\?:%]: " l\?ﬁl)n o o/ (I\C{Ie)an (MCC\:fV)/ N
(CV) ° (%)

Fe,04 9.10% 9.10 0.17 1.8 0.1 45
Na,0 2.74% 2.67 0.07 2.7 -2.6 45
Sc 29 24.3 0.5 2.0 ~16.1 45
Cr 415 397.2 10.7 2.7 -4.3 45
Co 39.5 37.4 0.9 2.3 -5.3 45
Hf 3.4 4.02 0.29 7.3 18.3 45
Ta 2 1.73 0.14 8.1 -13.5 45
Th 8 9.51 0.48 5.1 8.1 45
U 1.6 1.77 0.30 17.0 10.4 25
La 38 38.4 1.0 2.7 1.1 45
Ce 67 69.0 4.5 6.5 3.1 45
Nd 27 38.2 15.0 39.2 41.5 28
Sm 5.2 5.15 0.30 5.7 -1.0 45
Eu 1.5 1.40 0.09 6.6 -6.5 45
Gd 4.7 7.11 1.78 25.1 51.3 9
Th 0.7 0.68 0.12 18.1 -2.7 44
Ybh 2 2.14 0.28 13.2 6.9 45
Lu 0.33 0.35 0.07 21.2 6.1 45
Rb 41 42.0 17.3 41.3 2.4 10
Cs 1.2 1.41 0.21 14.6 17.2 43
Ba 497 460.7 69.4 15.1 -7.3 42
As 2.34 2.52 0.23 8.9 7.9 2
Sbh 0.28 0.46 0.11 23.3 62.5 3
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3 I:e—Misoi Greenstone
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Order of the elements and the normalizing values are after Wood et al. (1979).
Misoi greenstone was collected from Miyama Group, Shimanto belt and it
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Fig.1 Spiderdiagram

shows slightly enriched N-MORB pattern.

107



108 HREE £.=2% gEE

Ty BREL, ZORBEOREOERNM CUEVEETED I,

iz INAA CHIE S WA TR IHEXCER I W ERTNTRENEL V- Limon
T, FEFITRE~ 7~ O @BBCHRH (=7 <) CTEBEL W TREHETH
D, =7 ~HMBERTERThOLEOMOMEOHIEL LI VEESRTWE, TOK
BEFAL T~ <~0E~ Y v o{bEN/FY, OV Til< 27 <R oS
(tectonic setting) o\ THMT 2 - DEBECAVLRE, FORTEE LTI,
o spiderdiagram 2M#Eb it b, ZHIAELR OIEFTFITCHELXC 1 2 FF 1 = MORB
(MBS RE) DB THBMEL b 0T, B BiFR I hcBIgbETH
%, 2F b, spiderdiagram D% & — VIR A —F — OV E L THEB I DL DTH
% (Fig. Do ZD X5 Ie3fey, BIEEORENSDIRE LT, FRBHI T\ 5HiE
BB oW TORMIETTRETH 5 L Bbh b,

Bt U 7oAt A Ric & A i « PR (1986) OO TREE LT 5 &, y By — 27 0K
X RIS L A S MHEOEERE I O\ CIIE DE LS £ b by (Table 2),

Table 2 Comparison between the analytical accuracy by this study and by Ikeda and
Nishimura (1986).

This study [keda & Nishimura (1986)
Jbla JG1
Element CO?:?SSIJS N(If/fl)n . O'/(I\./I%E)HH N Co‘rrlslell;lsus 1\/(Iﬁ1)n - o/ (I\%e)an N
Fe, 0,4 9.10% 9.10 0.17 1.8 45 2.14% 1.92 0.08 4.0 44
Na,O 2.74% 2.67 0.07 2.7 45 3.39% 3.42 0.12 3.7 42
Sc 29 24.3 0.5 2.0 45 6.5 6.65 0.21 3.1 44
Cr 415 397.2 10.7 2.7 45 64.6 59 6.5 12 43
Co 39.5 37.4 0.9 2.3 45 4.0 3.9 0.41 10 38
Hf 3.4 4.02 0.29 7.3 45 3.5 3.7 0.65 17 29
Ta 2 1.73 0.14 8.1 45 1.7 1.2 0.18 15 24
Th 8.8 9.51 0.48 5.1 45 13.5 13.9 0.89 6.4 43
U 1.6 1.77 0.3 17.0 25 3.3 4.3 0.80 19 38
La 38 38.4 1.0 2.7 45 23 21.6 1.3 6.1 43
Ce 67 69.0 4.5 6.5 45 46.6 49.2 2.8 5.7 41
Sm 5.2 5.15 0.30 5.7 45 5.1 5.11 0.35 6.8 36
Eu 1.5 1.40 0.09 6.6 45 0.76 0.70 0.08 12 25
Th 0.7 0.68 0.12 18.1 44 0.84 0.72 0.08 11 15
Yb 2 2.14 0.28 13.2 45 2.7 3.11 0.29 9.2 41
Lu 0.33 0.35 0.07 21.2 45 0.46 0.46 0.04 8.2 44
Rb 41 42.0 17.3 41.3 10| 181 176 19 11 23
Cs 1.2 1.41 0.21 14.6 43 10.2 8.4 1.1 13 22
Ba 497 460.7 69.4 15.1 42| 462 481 57 12 41

Lnl, E—=23hIndb o, BELTWALOIOWTHE, BERIRCHINEELR
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Fig.2 Rare Earth Elements patterns of chart and siliceous shale from T IIc unit of Type-1I
Suite, Tanba belt.

The concentrations are normalized by those of NASC and further normalized on the
base of Yb*=1.

LR X 5 IEREEE 0L HMEIH X fuic (Musashino, 1990),

O KERERE, BUKEBOFE T TOREEMREER (v v 288

@ HEREE /NS CEEEHERIEMN (HREE>LREE, MREE>HREE>LREE)

@ BRLBRET CoOEREEEREEM (v v aERE)

2) FKE

AKEOEE, BERBEL Y 745 ) 2ETEDOSHERIME ., =2 T&EERh
DT 2 T BT R AT, 2l % F LTy BEE R21T - 7o, BE OHRIE
W EE E LA OBEHMEOT T, FeScd y e — 270K EL, Thbo yif
Dav I N HEHIR LTy 275V EbEL oA, TOFBE= R AF Dy
OREREIEL 7td, ZhnELOEBERM LT ORMERO—> L Tns Tind, &
CANKERIKED X D i W AKEDOEE, FeRSc 0 ERIHARED



Ry %£-Z=F FE

Table 3 Statistic errors of counting for limestones from Akiyoshi district and
JBla by INAA.

About 0.4(0.2) gram of the Akiyoshi limestone (JBla) was measured by ORTEC
-56 detecter for 6000 (4000) sec and 12000 (8000) sec, 9 days and 1 month after the
activation, respectively.

Conc : concentration

SEC : Statistic error of counting

% 1y : Measured either 9 days (%) or 1 month (&) after irradition.
JRF & : atomic mass

av:average of more than two peaks of different energy

Limestone JBla
T# ETE #Hm KEV| Conc.  SEC Conc. SEC
Fe 59 rh av — — 6.58% 2.0%
59 B av | — — 6.36 1.1
Na 24 b 1369 | 15ppm  4.7% | 2.05% 1.2
| sc 46 1 av | 0.03 8.6 24.8ppm 1.4
6 B av | 0.03 3.5 23.3 0.7
Cr 51 320 6.3 47 | 400 20
51 B 320 | 4.9 2.7 | 377 1.2
[ Co 60 F av | 0.3 14 38.4 3.5
60 E  av | 02 5.8 36.2 1.3
H 181 B 48] — - 3.8 4.8
Ta 182 £ 1221 — = 15 4.9
Th 283 812 — - 9.2 35
233 £ 32| — — 10.2 2.0
U 239 h o 106 — = ~ =
La 140 159 | 1.7 2.1 40.0 16
Ce 141 | 15| — - 73 3.4
141 E 5] 0.6 8.3 78 1.7
Nd 147 & o1 | — - 23 8.4
Sm 153 i 103] 0.28 1.5 4.9 1.3
Eu 152 & 1408 0.06 6.5 1.3 3.9
Tb 160 & 299 0.04 5.6 1.2 45
Yb 175 o 39| — — 3.0 5.5
169 £ 198 0.15 5.3 1.9 7.2
Lu 177 d 208 0.025 6.5 0.44 5.2
Rb 8 B 1076] — — 52 13
Cs 134 £ av | — = 1.7 9.4
Ba 131 i 496 — — | s 9.5
As 76 559 0.4 5.2 = =
Sb 124 1961 0.1 11 = =
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Instrumental neutron activation analysis of rocks
using the Research Reactor of the Kyoto University
(KUR) and its problem

Makoto MusasHINO and Yasuyuki MIYAKE

Abstract

Instrumental neutron activation analysis of rock samples was carried out using the
Research Reactor of Kyoto University (KUR). Twelve rock samples were activated in a
capsule together with two samples of JBla, rock reference sample of Geological Survey of
Japan.

The concentrations of each of elements were calculated using the data of y-ray intensity,
amounts of time of irradiation, cooling and measurement, efficiency of the Ge-detector, and the
effective cross section of the atom during the nuclear reaction. y-ray intensity of Fe-59
(1099keV) from one of the JBla samples was used to normalize the concentration of all other
elemets.

Another JBla sample in each capsule was used as the working standard. The determined
concentration of these JBla samples are compared with the published consensus values. For
Na, Sc, Cr, Fe, Co and La, both deviation and inaccuracy are less than 5 %, and for Sm, Eu,
Hf, Ta and Th they are less than 10 %. For Ba, Th, Yb, Lu, Cs and U, deviation is more than
10 %.

Most of the rock samples were powdered before activation. But crushing the siliceous
rock, such as chert, causes the severe problem of contamination from the equipment, so, they

were irradiated as pieces of rock fragment.



