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Abstract : In order to examine homogeneity, six major components (T-Fe,O;, MnO,
MgO, CaO, Na,0O and K,0), and seven minor elements (Cu, Li, Ni, Pb, Rb, Sr and Zn) for
twenty-four GSJ (Geological Survey of Japan) rock reference samples were analyzed by
atomic absorption spectrometry after dissolving the sample with HCIO,, HNO; and HF.
The large variance more than analytical error that appeared in the data of the repeated
analysis is considered to be due to heterogeneity which might be originated in uncomplete
sample preparation.

Such heterogeneity was found on the determination of MgO in the reference lime-
stone sample JLs-1. Slight heterogeneities were also detected in the analyses of several
major components in four reference samples (JA-2, JLs-1, JSI-1 and JSI1-2). All major
components for other twenty reference samples are likely to be distributed homogeneously
among the bottles of the sample.

In the samples with the large variance of major components, some minor elements
of the same sample are also variant. However, for the homogeneous samples confirmed by
the major component distribution, the analytical data show homogeneous distribution of
minor elements. These discrepant analytical results on major or minor constituents
appeared mainly in the analyses of the samples from different bottle of different split
number.

It has been well-known that the collaborative analyses of rock reference samples
reveal a wide variation in values reported from the participated laboratories and analysts..
The analytical errors originated from heterogeneous distribution of some constituents in
the present study are less than or similar to those of analytical data reported recently from
collaborating laboratories.
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Tabel 1 List of twenty-four GSJ rock reference samples with some processing conditions.

Issued Quantity .. ¢ Number of grinding

o i
Sr?:rlgée Description year rec(olzr ge)red bottle (each qtu).;tg?ity, k) (é\gﬁjiarxigfe) %;l?alatﬁ, g;r;dég;g
“Igneous rock series”
JA-1 Andesite 1982 86 813 2 (50, 45) 1 JA-1 100
JA-2 Andesite 1985 118.2 1042 3 (40, 40, 40) 1 JA-2 100
JA-3 Andesite 1986 83.4 790 1 (84) 1 JA-3 70
JB-la Basalt 1984 77.6 704 2 (56, 48) 1 JB-la 70
JB-2 Basalt 1982 117 1125 2 (60, 63) 1 JB-2 70
JB-3 Basalt 1983 132 1285 3 (40, 50, 45) 1 JB-3 70
JF-1 Feldspar 1985 154.8 1489 2 (80, 75) 1 Flint 60
JF-2 Feldspar 1986 100 999 2 (50, 50) 1 Flint 60
JG-1la Granodiorite 1984 129 1199 2 (67, 63) 1 JG-1a 100
JG-2 Granite 1985 112.6 1073 2 (60, 57) 1 JG-2 100
JG-3 Granodiorite 1986 132.6 1340 3 (47, 40, 45) 1 JG-3 100
JGb-1 Gabbro 1983 110 961 3 (42, 36, 32) 1 JGb-1 60
JP-1 Peridotite 1984 116 954 3 (60, 50, 38) 1 JP-1 100
JR-1 Rhyolite 1982 127 1247 2 (60, 67) 1 Flint & JR-1 60
JR-2 Rhyolite 1983 94.5 1000 2 (60, 35) 1 Flint 60
“Sedimentary rock series”
JCh-1 Chert 1989 41 407 2 (20, 21) 2.5 Chert 70
JDo-1 Dolomite 1987 115 1073 2 (60, 60) 1 Flint & JDo-1 100
JLK-1 Lake sediment 1987 75 925 2 (45, 30) 1 Flint 24
JLs-1 Limestone 1987 95 938 2 (45, 50) 1 Flint & JLs-1 100
JSd-1 Stream sediment 1988 65.2 720 2 (45, 22) 1 Flint & JG-1a 70
JSd-2 Stream sediment 1989 57 601 1 (57) 1 Flint 70
JSd-3 Stream sediment 1989 64 598 1 (64) 1 Flint 70
JSI-1 Slate 1988 105.4 1107 3 (35, 35, 36) 2 Flint 70
JSI-2 Slate 1989 109.4 1167 3 (34, 35, 40) 2 Flint 70
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BET 2 FENAV Sz (ANDo, 1967 ; KUra-
SAWA, 1968 ; 223, 1984). ZOHEKIZBRE» > D a v
FIA—vavBRELAEROWT SN FETH 288,
R IZEE SR DB, F 2T, FDHO 24 HENCEEL TIZ,
AavyIx—yarudil, POSEORENYER
BB TEBRBOR—NVINVEERTFEEHEVS

Zriz L, REWERIRIZ B 2 RELHOEMIZE 1
R Z LD URLI BRTEOBREIROBEY TH 5.
FEAEZLBEIECTRBMANY<—T 5-10cm O3
L7, Ya—75v¥v— (Retsch type BB 2/A)
T 1-2cm FCHRET 5. 20 20-84kg A4 TS
FET I vy ANED ORER—L 2V (NETE 22])
AR, R—nE L CRIFHPEE LA—E0ORINKSS
CHELKDBEXE 7V v b R—VERFEHAL T 24-100
B BER ¥ 5. ZOR—V I NI L B BTHEHRE
2 1-3E1T-> T 40-150 kg OFMERES E1R).
HIROBEDOWL DR Ya—rIvyry—itk?d
B fTbhkbolh, 2035 JA-1 & JB-2 3EH
T, JR-1 i ,v~—THreL, JF-1,JR-2, JLk-1, JSd
-1, JSd-2, JSd-3 BHRRR I BEDCEES2Z D E FR—
WENEANBREL T, %72, JCh-1,JSI-1 2w Tk
BHR—V/BEROBEELY 1 L UTHRE L8, HEE
ORISR NB SN Lol ), R—LVEEZH1ERD
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Fig.1 Outline of the homogenizing procedures for GSJ rock reference samples (after ANDO, 1984).

LS HME ¥ THRLE. i, JCh-1 OMFTR
Fr— bHEDDOR—LINEERLT.

2.2 ¥HELFE

1- 3EOBRIREIC L > TEB s - FEBkE, 100
AYyYaDAF YV AEDLSB W (JA-2, JG-1a, JP-1,
JCh-1, JSI-2 I DV TIX 60 A v ¥ =) BB ¥,
BIRERLEAECHELT 2. Tab bRk
SB (AT VAE) WhDA, BeaEILRE v—
FEiZA, B, A, B, - ERREIC 10 BRL R AT
Hhitk BEICI0HMECSET . Ch2BEUE S
EHFTA, B'EL, FicA, BOBELABEREL
EESERBRVEL, oL, AY, B"2B5. 2LT
A”, BiZ2WwWThA, BERULAKFRERELE,
L% 10 FicDT, HEIES (splitno.) 1-10 231 3.
FNFREDOWTRBEELIE H100g 7 0%4 7
ARBIzsE D, (BES (positionno.) {115, B,
WIEROBEEHCEL T d LB L CAFEDBRIFR
AAY > N7y MRCEEL TERBL 7.

3. &M HE

AR EET 3 ERSOSTHEOFHMIZ T TIcn
RINTw3 (FE, 1970, 1971; 5, 1987) 23, #
Bo¥gatoRit 22BN L T3 5E5EBEORR L2 %
HEHEEO AP HER S L OFTBEREZ ST 5 2 &
DFE LV, % CAPRTER EEFEO—EREHETL
T TFROAEEAVS Z iz,

3.1 FEFWIEE (AAS %K) ICLDERDOHNAE

PREK 01g 2ELBSESEPVEDY, Bif
#F 2m/ , 5% 3ml, & -o{bkFERR S5ml B0z, K

C200°COME L TRFRET 5, EEE (1+1) 25ml Xk
¥ 5Sml BMZ TMBEMEL, HEHBRAAT7I A
GOm) wBLANS. AtarF Yy ABKOE{A Mo
vFw A6 AERAICENL, Sr=40mg/ml OEREE

T5) 5ml 2MAIBATERLL, HEBEKRET 5.

BECAWEAFEBRARY v— LV VT vy a8l
AA-TSLEITHY, 7V —ARER-TEF LV V%, S
HEIX, Fe 248.3 nm, Mn 279.5 nm, Mg 285.2 X3 202.
6 nm, Ca 422.7 X% 239.9 nm, Na 589.0 X% 330.2 nm,
K 7665 X% 404.4nm EHEHL 72

3.2 FEHATIXTRERLIMNE (ICP-AES X) (2

L DERDDAHE

BMARRE 0lg 2FELLF7urE—AhikiE»HE
D, EEFEEE 3ml, 8 2 m/, 5o bAkEE Sml 200
Z, ¥ 200COWB L TR L, BRVET 3. R
(1+1) 6m/ 2M2 CIWEEEL, xA7 722 (100
ml) WBLAN, KTEFEL, HHERLT 5.

R LOREBR 4 a—BTTERD SPS-1200
BMTCHD, SFEER Mg 279.5nm, Ca 317.9nm TH
5.

3.3 AAS KIZL D2WERDOBNHE

MARFKE 05g 2ZIEL{HSL S VED, #@iE
%® 3m/, BB Sml, softAkFEE 8ml RNz, ¥
2000COMB ETHREL, ERTEET 5. ER (1+1)
25ml Lk# 5mi 22 CTIEBEEL, AAT7I7 A2
(25ml) WBLAN, KTEFLL, BEEKET 2.

AwAEEX 3.1 LtRACTHY, Sr TERLER
-7xF v 7v—»Aa, Cu Li, Ni, Pb, Rb, Zn 1322&-
TEFvy7Vv—ATHELE, &LERLLZSRER
BOTFh b RERECEBONIFERTHS.

4. DMRERCEBE

4.1 AAS & ICP-AES #DLs:

1 RITR L S EEERRO S 5, JG-1 & JB-1 %
K¢ 24 RPNz DT split no. DEXL B 5ANXIE 104
(JLs-1 o &) 0B 2R EED, &t 125 RoEshz>
VT 3.1 Ttz AAS Bz & D T-Fe,05, MnO, MgO,
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Fig.2 Recorder traces showing homogeneous distri-
bution of Ca0 in JA-3.
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Fig.3 Recorder traces showing apparently heteroge-
neous distribution of MgO in JLs-1.

ERBOTHE DO W TN R B % 0¥ E s HE s
BEDHMFERED—D & U THBONTRE R ERT 2 2
Ll WTFhOKSIZOWTHE—0 split/posi-
tion (UTFR—UA EES) kDwT 2L, F—RE
EOWTHI0EUEDOBHTT -2 b LI L THED
HFET», FENERES BOBRMELB2 288 F
BENHZ L LTEDOFECEMRZHITCERTSE L
L, BRO—FI LT JA-2 DBEREIRICR L.
ZORPLLPE LI, JA-2 FOERSTIE MO,
Ca0, K,0 23, #Eks ik Cu, Li, Ni, Rb, Zn iz oW
THEENRED NI,

L L s, SHATHREDKRD A TCHREOHE
HERERT B L JA-2 B Ca0, K,0 @ k 5 RS
T 1IBBEDOIFS> DX THRITGERH B LD
2o TLEY, 4.6 THRRZEFDITIZE T 24
HREEZERTZ2LLTLOERANLZEEL 3SR
VB, ZIT, AR CESESTREOHBR CEEEN
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Fig.4 Recorder traces showing slightly heteroge-
neous distribution of MnO in JSI-2.

4.3 EEIBIIC L BHEEOKRE

“kEEY Y — A7 5 RBHROERSICOWTR S
TeT =5 kb LICTE L EERESHE L BER
PEARCRLE. 206D TRTEDVT4.2T
BT FEAIRE 2 M L 7R, JA-2 hod MgO,
Ca0, K;0 B4t Tid JP-1 vhop CaO iz L THEEENH
Bontz. LaL, OREBTROWIEROEMZOWT
b FENERES BOBAMEERZ 2 2 L3R o0
T, FEOFRRIZEWL T,

YERBEY Y —X7 9RBIOWTIE, ST -
BENHDHRHBH, LI L FARLRE 21T R,
JLs-1 thp MnO, MgO, Na,O, JSd-1 s T-Fe,Os,
MnO, MgO, Ca0, JSI-1 &> Ca0, K,O & 1* JSI-2 dhp
T-Fe,0;, MnO, MgO, Ca0, Na,O iz ow T FE»nER
EL5RDHEFMEEEZ Tz (BB5R).

FEOSESTOBRTREEENDY, Lo v EH)
RE0s 2 B2 BERAHE JA-2 tid MgO, JLs-1 fhod
MnO, MgO, Na,0, JSI-1 tr» Ca0, JS1-2 thed MnO »
Ca0 ThHH, NSOV TRARIITYELNH 2 ¥
Wrans.

#E2X MgO & CaO oa3Hricsd 3 AAS ¥k ICP-
AES #%:0 i
Table 2 Comparison of the results for MgO and CaO
by atomic absorption (AAS) and inductive-
ly coupled plasma atomic emission
spectroscopy (ICP-AES).

MgO (%)

Sample (Split/Position) —_——
AAS* ICP-AES*

JA-2 (1/100) 7.28 7.30
3/ 75) 7.82 7.80
(5/ 97) 7.66 7.69
(7/ 99) 7.99 8.00
(10/78) 7.26 7.27
Avg. 7.60 7.61
JLs-1 (1/ 70) 0.56 0.55
2/ 7)) 0.71 0.71
(3/ 93) 0.60 0.60
(4/ 48) 0.69 0.69
5/ 4) 0.61 0.60
(6/ 41) 0.50 0.49
(7/ 35) 0.62 0.61
(8/ 37) 0.61 0.61
(9/ 76) 0.71 0.69
(10/35) 0.61 0.59
Avg. 0.62 0.61

Ca0 (%)
—_——

AAS* ICP-AES*

JA-2 (1/100) 6.23 6.20
3/ 75) 6.35 6.34
(5/ 97) 6.33 6.33
7/ 99) 6.31 6.28
(10/78) 6.21 6.20
Avg. 6.29 6.27

* Average value of two to ten determinations for
each bottle.

4.4 WERIIMICEITITHENE

BMERS MBI 2 BROTRHEOHER R T 2
T, ERGACBTREER L » o7 5F:K (JA
-1, JB-3, JG-1a, JG-3, JSd-3) & FEICEZEZMNIAD 5
iz 35K (JA-2, JSd-1, JSI-2) %R, 3.3 OEMFI
Lo THERS TTRE2EEL, VE L ERREEPE
HLIZE6R). 23 RTORE, RS onwTHE
DHTHRE 2 ERL 72468, ERS O CREHERIGE b
Bhpol: SRBCHFECEREZIRD R o7z,
LiL, o 3888055 JA-2 Tk Cu, Li, Ni, Rb,
Zn iz, JSd-1 Tix Li, Pb, Zn w2, JSI-2 T1x Cu, Li,
Ni, Sr, Zn oW C FEEEESRO o (BE6
).
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Table 3 Homogeneity tests for reference sample JA-2.

Sample (Split/Position) T-Fe,0; (%) MnO (%) MgO (%) Ca0 (%) Na,O (%) K,0 (%)
JA-2  ( 1/100) 6.27, 6.31 0.106, 0.108 7.26, 7.29 6.20, 6.26 3.09, 3.12 1.82, 1.84
( 3/ 75) 6.30, 6.32 0.108, 0.108 7.84, 7.80 6.37, 6.33 3.02, 3.06 179, 1.77
(5/97) 6.34, 6.32 0.107, 0.109 7.68, 7.64 6.35, 6.31 3.07, 3.03 1.80, 1.79

( 7/ 99) 6.33, 6.37 0.108, 0.108 8.05, 7.92 6.29, 6.33 3.02, 3.04 1.78, 1.76

(10/ 78) 6.31, 6.27 0.108, 0.106 7.27, 7.24 6.23, 6.19 3.11, 3.07 1.82, 1.82

X 6.31 0.108 7.60 6.29 3.06 1.80

S 0.03 0.001 0.32 0.06 0.03 0.02

F 2.43 0.50 97.00* 7.76* 3.51 10.08*
Cu (ppm) Li (ppm) Ni (ppm) Pb (ppm) Rb (ppm)  Sr (ppm)  Zn (ppm)
JA-2  (1/100) 28.8, 29.6 28.8, 28.8 133, 133 19.5,19.3 70.3, 70.3 252, 256 65.3, 63.7
( 3/ 75) 28.3, 28.8 28.0, 27.8 145, 146 19.5, 18.8 67.6, 67.2 248, 254 62.1, 62.5
( 5/ 97) 29.1, 29.3 29.0, 28.6 144, 144 19.0, 19.7 67.2, 66.8 252, 250 61.7, 62.1
( 7/ 99) 29.3, 28.8 28.8, 28.8 150, 150 19.0, 19.3 66.3, 66.8 254, 248 61.7, 60.5
(10/ 78) 27.0, 26.7 29.2, 29.4 137, 137 19.3, 19.5 68.5, 69.0 254, 252 63.7, 63.3

X 28.6 28.7 142 19.3 68.0 252 62.7

S 1.0 0.5 6 0.3 15 3 1.4
F 15.68* 21.42* 931* 0.29 56.8* 0.42 8.07*

X : Average value of ten determinations. S : Standard deviation. F : Values tested at Foss (4, 5) =5.19, and starred

values mean that exceed the allowable value.

LEROBER L EEBFEEOMEI L hE, JA-2 i) Cu,
Ni, Rb, Zn, JSd-1 s> Pb, Zn, JSI-2 dhp Cu, Ni, Sr iz
DB TRENOTYENEET 2 LHanE. g2
DFERIZ, THAEOVITNIENEET 2 HEIME
B bEREL, M ERDCTEENRITIEHER
BTHRADONBCEEANEVI L ETBRLT NS,

4.5 BREERHCHITZTHBENERER

EREERENC B 1 A T EORR 2 RET T 255,
A—UARRUE— split RizB3 31362 & DBEE
YHOLIZT BLENDHE. A—UFACBITBES>DE
DEREREIE»OLDS. THbERBICTHENR
DOENEIEAREDODVTR—UVADT—FDIEHDE &
splitno. DHEAVICL B F—FDIFSDE RT3 &
F—UARBETEF—FDIX5DEINEL, ZOHER
BoORIEOWTHREIETH - 7.

[Al— split T position no. W& 2BEDEER TN
i, TIGENRED Shiz JA-2, JLs-1, JSI-2 2D
TEAE B ARDER 2 HEE B> T DL DEKS & 40
L, ZOFELIEERELE TRIRLE. ZhdD
E» SEHHREBEERDZ LTI 2%UUTTHY, %
R AWAFREOERCBLWIHEEZIRED AL
Dotz feo THRHOMIEIZE L UT split RIDMHER
DEPIBEL TR E I LR 5,

split O B35 HE & L ik, FHBomEE

ECBI 23y 32—y arOafElEd b 558, JA-2
DHTHRER (B3R i XhiZ, Mgo, Ca0, Ni £ {F
DSHENEICE > split/position BEDFEETIZ Na,0,
K0, Rb ENMEWER S H D, FERSD IV T I 37—
YariELohiw, A, EEAOHERICTYE
BH-ThH, ZHHFe, WELORECHEBEI
F—SDELDOEREELRVIETTHE. oDl
E»S, FRFTICB O TRD &5 Wi SEEESB O
BORERR, RERIZTHEY H > T 1- 3 BOMRPHRE
TER SN FBAEDHERICENEL, Zhdt 2.2 TR
NIBECREELEN b o I LTk 3 LEL
S5h3.
BHROTYER S T2 HEREL TR, TEXHX0HE
BREEREAF TS Z L RUAETHNIT 1 B DOHRYR
fETH 100 kg ORMENELNEREBDOR—L I L%
AT, WEERESKRT LA THEES
Fxzv 7L, PHEBD- o BREEBRERZEY IR
TENEZOND,

4,6 HROTYE L HRDINIZE T 2 DMEE
REOTHBEORENERSTC BT 2 HFBEE
DRERMENILEHEOHIZT S0, WOWS%
Tote. FEBR»on-FRE LT JA-2 & JLs-1
%, NEDR» 726D E LT JLk-1 258, A5
TERS RS LIFEROFIE, EERE, TERK
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Table 4 Homogeneity tests for major elements in fifteen GSJ rock reference samples, “Igneous rock series”.

Sample T. Fe, 04 MnO MgO CaO Na,O K,O
(Split/Position) (%) (%) (%) (%) (%) (%)

JA-1 { X 7.03 0.16 1.55 5.65 3.87 0.80
(1/6, 3/3, 5/6, 7/6, 10/6) S 0.05 0.00 0.01 0.04 0.03 0.01
JA-2 X 6.31 0.108 7.60 6.29 3.06 1.80
(1/100, 3/75, 5/97, 7/99, 10/78) S 0.03 0.001 0.32 0.06 0.03 0.02
F 2.43 0.50 97.00* 7.76* 3.51 10.08*

JA-3 { X 6.59 0.106 3.65 6.28 3.17 1.43
(1/64, 3/28, 4/60, 6/56, 10/75) S 0.03 0.000 0.03 0.03 0.03 0.01
JB-la {X 9.10 0.147 7.75 9.23 2.74 1.46
(1/66, 3/52, 4/65, 6/21, 10/4) S 0.06 0.001 0.05 0.04 0.02 0.01
IB-2 { X 14.36 0.22 4.63 9.75 2.03 0.42
(1/6, 3/3, 5/6, 7/6, 9/6) S 0.12 0.00 0.03 0.08 0.02 0.00
JB-3 {X 11.99 0.18 5.21 9.73 2.75 0.80
(1/39, 3/39, 5/74, 7/67, 9/44) S 0.10 0.00 0.03 0.05 0.03 0.01
JF-1 { X 0.08 0.001 0.006 0.93 3.35 10.06
(2/100, 4/129, 6/96, 8/55, 10/69) S 0.00 0.000 0.000 0.00 0.02 0.07
JF-2 {X 0.06 0.001 0.003 0.09 2.46 13.10
(1/38, 3/27, 5/62, 6/59, 9/85) S 0.00 0.000 0.000 0.00 0.02 0.07
JG-1a { X 2.05 0.060 0.69 2.13 3.41 4.04
(1/49, 2/16, 4/27, 6/2, 8/48) S 0.02 0.001 0.01 0.01 0.02 0.02
JG-2 { X 0.96 0.017 0.035 0.68 3.54 4.79
(1/27, 3/62, 5/83, 7/55, 10/105) S 0.02 0.000 0.000 0.01 0.03 0.02
JG-3 {X 3.73 0.072 1.79 3.76 4.03 2.63
(1/118, 3/84, 6/38, 7/5, 10/31) S 0.03 0.000 0.02 0.02 0.02 0.01
JGb-1 { X 15.35 0.19 7.82 11.86 1.20 0.24
(1/55, 3/13, 5/44, 7/58, 9/29) S 0.09 0.00 0.05 0.10 0.01 0.00
JP-1 X 8.34 0.116 44.72 0.56 0.021 0.003
(1/56, 3/39, 5/52, 6/9, 10/34) S 0.06 0.001 0.27 0.01 0.001 0.000
F 1.75 1.75 0.76 17.94* 0.30 0.20

JR-1 { X 0.89 0.10 0.11 0.69 4.02 452
(1/6, 3/3, 5/6, 7/6, 9/6) S 0.02 0.00 0.00 0.00 0.03 0.03
JR-2 { X 0.75 0.11 0.04 0.51 4.02 4.54
(1/22, 3/42, 5/8, 7/26, 10/19) S 0.01 0.00 0.00 0.00 0.03 0.03

X : Average value of ten determinations for two 100 mg portions from five different split/position of samples.

S and F : See notes in Table 3.
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Table 5 Homogeneity tests for major components in nine GS] rock reference samples, “Sedimentary rock
series”.

Sample T-Fe,0; MnO MgO Ca0 Na,0 K,O
(Split/Possition) (%) (%) (%) (%) (%) (%)
JCh-1 X 0.38 0.018 0.075 0.040 0.031 0.224
(2/6, 3/39, 6/9, 8/32, 10/31) S 0.01 0.000 0.000 0.000 0.001 0.002
N 20 20 20 30 30 30
JDo-1 X 0.020 0.006 18.40 34.12 0.009 0.002
(1/26, 3/41, 4/109, 7/3, 9/87) S 0.000 0.000 0.10 0.20 0.000 0.000
N 20 20 20 30 30 30
JLk-1 X 6.84 0.27 1.76 0.68 1.05 2.77
(1/30, 2/18, 4/25, 7/21, 9/61) S 0.06 0.00 0.02 0.01 0.01 0.02
N 10 10 10 10 10 10
JLs-1 X 0.015 0.002 0.62 55.02 0.002 0.003
(1/70, 2/71, 3/93, 4/48, 5/4, 6/ S 0.0004 0.00006 0.06 0.20 0.0003 0.0003
41, 7/35, 8/37, 9/76, 10/35) N 30 30 75 50 30 30
F 0.37 5.69* 259.72* 1.90 5.08* 1.01
Jsd-1 X 5.11 0.093 1.85 3.07 2.73 2.19
(2/22, 3/8, 6/22, 8/23, 10/60) S 0.07 0.001 0.03 0.03 0.02 0.01
N 20 20 20 20 20 20
F 53.41* 53.37* 15.96* 3.24* 0.25 0.58
JSd-2 X 11.51 0.123 2.81 3.63 2.48 1.15
(1/52, 2/9, 5/26, 7/43, 10/8) [ S 0.06 0.001 0.02 0.03 0.02 0.01
N 10 10 10 10 10 10
JSd-3 X 4.39 0.144 1.18 0.53 0.44 2.01
(2/36, 4/4, 5/27, 8/6, 9/53) S 0.03 0.001 0.01 0.00 0.00 0.01
N 10 10 10 10 10 10
JSI-1 X 6.84 0.062 2.48 1.43 2.20 2.85
(1/33, 3/83, 6/67, 8/19, 10/86) S 0.03 0.000 0.02 0.03 0.02 0.03
N 10 10 10 14 10 10
F 0.63 0.75 0.21 25.38* 0.39 6.10*
Js1-2 X 6.62 0.085 2.43 1.93 1.39 2.93
(1/37, 3/33, 5/19, 6/30, 9/93) S 0.04 0.002 0.02 0.09 0.01 0.02
N 20 20 20 20 20 20
F 5.19* 46.80* 4.51* 169.29* 4.10* 1.04

X : Average value of the repeated determinations. N : Number of analyses. S and F : See notes in Table 3.

oK MERASDMNC X 2HEEOREHER
Table 6 Homogeneity tests for minor elements in selected eight GSJ rock reference samples.

Samplg ) Cu Li Ni Pb Rb Sr Zn
(Split/Position) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
JA-1 { X 41.7 10.5 1.9 5.8 12 268 88.3
(1/6, 3/3, 5/6, 7/6, 10/6) S 0.1 0.1 0.02 0.1 0.1 2 0.4
JA-2 X 28.6 28.7 142 19.3 68 252 62.7
(1/100, 3/75, 5/97, 7/99, 10/78) S 1.0 0.5 6 0.3 2 3 14
F 15.68* 21.42*  931* 0.29 56.80* 0.42 8.07*
JB-3 { X 197 7.2 385 5.8 13.0 404 103
(1/39, 3/39, 5/74, 7/67, 9/44) S 0.7 0.1 0.2 0.1 0.04 2 1
JG-1a { X 13 82.1 6.4 27.0 179 185 38.8
(1749, 2/16, 4/217, 6/2, 8/48) S 0.03 0.8 0.1 0.3 1 2 0.2
JG-3 { X 6.0 21.7 13.0 12.3 66 368 44.8
(1/118, 3/84, 6/38, 7/5, 10/31 S 0.2 0.1 0.2 0.3 0.2 3 0.6
JSd-1 X 22.1 24.2 6.9 14 n. d. 323 99
(2/22, 3/8, 6/22, 8/23, 10/60) S 0.4 0.3 0.1 0.4 n. d. 4 2
F 4.35 7.69* 0.68 6.50* n.d. 0.15 27.00*
JSd-3 { X 426 163 19.6 82 285 60 139
(2/36, 4/4, 5/27, 8/6, 9/53) S 6 1 0.6 0.4 2 0.4 1
JS1-2 X 40.8 54.9 39.0 21 n. d. 231 107
(1/37, 3/33, 5/19, 6/30, 9/93 S 2.4 0.3 14 0.5 n. d. 5 2
F 297.29* 7.83*  138.88* 236 n.d 6.42* 7.83*

X : Average value of ten determinations for two 500 mg portions from five different split/position of samles.
n. d. : Not determined. S and F : See notes in Table 3.
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Table 7 Homogeneity tests among the different position in the same split for
selected three reference samples.

. . T-Fe, 05 MgO Ca0

Sample (Split/Position) %) %) ©%)

JA-2 (1/25, 1/52, 1/69, 1/83, 1/106) X 6.30 7.29 6.24
S 0.02 0.04 0.03

(7/46, 7/63, 7/77, 7/88,7/100) X 6.31 7.99 6.30

S 0.02 0.06 0.03

JLs-1 (2/12, 2/35, 2/40, 2/70, 2/91) X n. d. 0.70 n. d.
S n. d. 0.01 n. d.

(6/20, 6/32, 6/44, 6/66, 6/88) X n. d. 0.50 n. d.

S n. d. 0.01 n. d.

(10710, 10/28, 10/51, 10/68, 10/82) X n. d. 0.61 n. d.

S n. d. 0.01 n. d.

JS1-2 (1/1, 1/23, 1/49, 1/92, 1/108) X 6.61 2.43 1.81
S 0.03 0.02 0.02

(3/17, 3/31, 3/43, 3/70, 3/99) X 6.60 2.44 2.02

) i S 0.04 0.03 0.03

X : Average value of ten determinations for two 100 mg portions from five
different position in the same split.
S and n. d. : See notes in Table 6.

HeE HEOTHWE L LRSI BT 5 HIERED K

Table 8 Comparison of the analytical error for major components in selected three reference

samples.
This study Reference data
Sample Component (%) -
S R.S.D. (%) X S R.S. D. (%)

JA-2 T-Fe,0s 6.31  0.03 0.5 6.23  0.24 39
MnO 0.108  0.001 0.9 0.107  0.006 5.6
MgO 7.60  0.32 4.2 752 026 35
Ca0 6.29  0.06 1.0 622 018 2.9
Na,0 3.06  0.03 1.0 3.09 010 32
K0 1.80  0.02 11 1.80  0.05 2.8
JLs-1 T-Fe 0, 0.015  0.0004 2.7 0.017  0.003 17.6

MnO 0.002  0.00006 3.0 0.002  0.0005 25
MgO 0.62  0.06 9.7 0.604 0.056 9.3
Ca0 55.02  0.20 0.4 5525  0.425 0.8

Na,0 0.002  0.0003 15 0.027 0.037 137

K,O 0.003  0.0003 10 0.009  0.009 100
JLk-1 T-Fe,0, 6.84  0.06 0.9 695 030 43
MnO 0.270  0.002 0.7 0.265 0.017 6.4
MgO 1.76  0.02 1.1 179 0.10 5.6
Ca0 068  0.01 15 069  0.03 43
Na,O 1.05  0.01 1.0 1.03  0.09 8.7
K0 277 0.02 0.7 282 012 4.3

X and S: See notes in Table 3. R.S. D.: Relative standard deviation.
Reference data from ANDO et al. (1989), except for JA-2 (unpublished).
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