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Major and Trace Components Analysis of Silicate Rocks by X-ray Fluorescence
Spectrometer Using Fused Glass Beads :
Evaluation of Analytical Precision of Three, Six, Eleven Times
Dilution Fused Glass Beads Methods

Kenichiro TANI* Yuji ORIHASHI** and Setsuya NAKADA***

Abstract

We established a quantitative analysis for 10 major and 15 trace elements in silicate rocks by X-ray
fluorescence spectrometry (XRF), using three types of dilution ratio glass bead, i.e., sample : flux ratios
of 1:2,1:5and 1:10. The individual calibration lines, constructed using 24 igneous rock reference
materials issued by USGS and GSJ, showed excellent accuracy and correlation coefficient for both
major and trace elements, and no difference among the three types of glass beads, but, overall, the low
dilution glass bead method (1 : 2) presented good analytical precision of both major and trace element
in comparison with the other high dilution glass beads (1 : 5 and 1 : 10).

For the assessment of our data quality, five reference rock materials of SY-2, SY-3, MRG-1, MIN-L
and NIM-G, issued by SABS and CANMET were measured using above low dilution glass bead method.
Our results were in good agreement with the recommended values reported by Potts et al. (1992),
excluding Nb in SY-2, Co, Cr and Rb in SY-3, Ba and Pb in MRG-1, and Co and Ni in NIM-G. This
suggests that our XRF method using low dilution glass bead is suitable to rapid and accurate

determination of major and trace elements in silicate rocks from single glass bead.
Key words : X-ray fluorescence spectrometry, Low dilution glass bead, Silicate rock, Major and trace

element determinations
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BILHMTE, RO s v atrodll s o £ <
AOSNTOEERMIETH 5. FHTTEEISTRE O
PEEFEIC L > TREL ZHBIZhIT o5, KAV S
NTHWB0n, @l (B2, UiEgY 77 24) 20T
ERBRFEIEBRIL, 5 RAE— REERT 5 ik ()
Z 1%, Norrish and Hutton, 1969 ; Norrish and Chappell,
1977 ; AZIBF1E Ay, 1977 ; #AA - i, 1980 ; /NFKIZ Ay, 1981 ;
FRHE A, 1985 ; HiIE A, 1987 ; FHH, 1993 ; KAI1ED,
1995 ; Enzweiler and Webb, 1996 ; 35H - &8, 1997 7%
E) THY, %hibd 5 &I ITEAARE LRI ORE
GFHRP) 2S5 LT, FEIOHEE 23 TF - MLk
WAHOSHFICHO SN THE, &9 &2 a AR



77T AE— REROTEE X R

EZOFEMERR LRV v MERWSHE WA,
IR Z A, 1981 ; #&Rk - KEF, 1981 ; /NAFJE, 1987 ; HH,
1987 ; figiFn, 1989 ; ik - 38, 1991 ; #riGi1EH, 1993 a,
b AFHI, 1993 ; 3 - K81, 1996 ; FHHI - @A, 1997 75 &)
THy, FiTHBEITTRSTICHOSNA TN S,

HIAE—=PNEERVy MERZEL S GE - Fiidd
5. AT AE— FEZEEZ RO TERABZSET 5
72D Ly MED & 5 IR RN R PSRN R D B H 4 <
TEVBIHL, AR D HTE TR TEAamAREE % 6 £50 1
NI 5720, MEILKROWEITT Ty MEiFLE+
SRR X BRE A5 C SR TE RO ETHN S - 7.
Z0%, BKHRER GHEHID 77 A= FEHOTE - %
BUUREFRFICERSNTT 2Tk B2, FHEIZD,
1994 ; Kimura and Yamada, 1996 ; Tanaka and Ori-
hashi, 1997 ; /IMEZ A, 2000 ; B2REEIE A, 2002 78 &) H3FE
MEIN, WMERGOIICE TS IR X BIREDOAED S
BRRTE 2L 1B -7, —HT, JOHEIESHFIFE
DA T AE— FEEICH~N, BEEGCRMTICB T MY v
7 ZRNROFBAERE S ZIFTUE S e, LMK
PHO S Akl 2 D 5 2 E 38 Ly (Tanaka and Ori-
hashi, 1997) &9 A > T 5.

AWFE TR, WERFHIRUEFEARRE O HOL X #or
Tl (T4 )y 7T A PW2400H) ZHW0T3/% -6
& - 1LEOHMA 7 A E— FIZ20 T, ThThFEE R
10 8% (Si, Ti, Al, Fe, Mn, Mg, Ca, Na, K, P) &fMETH
15 #%8 (Sc, V, Cr, Co, Ni, Zn, Ga, Rb, Sr, Y, Zr, Nb, Ba,
Pb, Th) OERDITEEMLT 5 & & bIT, HHEDEN
& BT - MBITCRDOITHE PR EMR O EMSITONT
Wl - #at Lic s 2 A, 2L DETERAGREN 7 AE—F
OBFHENRESN. 22T, RMHEEHOTA RS
BAERIC LSy 5 72 SABS  (South African Bureau of
Standards) ¥ £ CANMET (Canada Centre for Min-
eral and Energy Technology) F8f7TDIEH#ES a0k SY-2,
SY-3, MRG-1, NIM-G (SARM-1) £ X NIM-L (SARM-
3) D5 AN DN THE - MBITCHEMTEITIEL, T OFER
ERET A EE BT, A0E SN R SHERMED R
HERIT OV THRE L7z

A MR E

1. 3EHMHS RE— FOMER

FHIE, (1994) ERRIC, FIEFRRES S ZE— KD
PERIZIE 1.8g DAEARAEE 3.6g DElF] (Johnson Mat-
they Material Technology #1:#! Spectroflux 100B ; Li,B,
O7:20%, LiBO,:80%) &MefL#lIE LT 0.54g OTElEY
F UL FDEMEE T3AED 2Ru7z. Saale & psli
T 110°C T 24 KELL Rt s ¥ TRBEKEZHD R &,
PR OEHEREMZ 2. DB TR Gr/hEE 0.1

IZ L BEERRIE A A O - RS HT 27

mg) PWIZHEEHSIV Y K (95% Pt-5% Au - NEE 30 mme)
AiEE, BIF - R Y F L - HAREOIRIC IEREIC R
L. BEBOMEKIZSY v F « IF—2H0TELES
L, SEBIFE—F - %075 — Rkl NT-2100
B ZHWTH T AE— REER LK. TERGEMIE—RIE
RAS 120 72, URVARIAS 240 ®, $iEREAS 600 #2T, AREE
JEIZA&T1,2000C TH 5. FhEHoRBICHERIE LT
34tV F7 L4 (Aldrich Chemical #:8 - &) #4750
mg Az, AENVYREIH S AE— KMEKBICT v &
B - WEERIR GTAIRIC 20 43 LI B TRe# L 12,

5 A E— FHsqiiah U 723002 o Sk TN Rk &
NTWBDELEZFNT 5720, HARTZERK JIS R2216
23KV A RN KE IV Z VORI X iz
WTOBIE) 1T U7ehi- THRE L7, AWFSE TIIHVE A
AT FAT D 3k JB-2 & JR2ICOWTZENEN 6
DA Z 2~ Re—&METlERL, 779 2E—- KDY
HEMRET S EE I, BT A2WERETEEILEDO
R X BB EANE L. 2%, 759 AE—RNo4iE
& o Mt A % R 2% (RSD) 1F JB-2 T0.095%, JR-2 T
0.055% T&H b, ZhiFdLiz JIS R2216 ILIZED SN i
RSD<0.1 Zjiii7cL T3, £hdfFm (L) M8wt%llk
DEFETREICBIBH T A — KoMHEEEMN (o) I3,
JB-2 T Si0, (6320 wt%) 7#30.15, Fe.O; (1434 wt%) »%
0.059, CaO (9.89 wt%) #30.055 TH Y, JR-2 T SiO,
(7565 wt%) #80.15, ALOs (12.82wt%) #30.037 TH »
7. IO DERES JIS R226EICED SN Z>40 O
e, 0<0.2,8<Z<40 DI, 0<0.1 DHESHE L T
LT3,

2. 6fEBSLV 11 EFRHS RE— FOIERK

6 fE A BUC D W TR A AR 0.8 g 1Tt L Al# 4.0 g, 11
EHRTIREAER 04 g 1T0f LRMA] 4.0g ZRA Ui, f#
A UZCRBIAN 1 2 /R & TR D, MkPumiigy) 5~
L (FIEE T R4S 20T 3, BROGHEIR 31
FRREFLTHS. @AKEFE—F - %075 —DIEK
S 3 6 EMNE, 1LAEHREE &I, —REEN 120
B, IREERLS 180 B, HEEEAS 300 BT, JARMEEIZAT
1,150°C Th 5. FicHtromzicHEERf & LTca vy
F 7 L (Aldrich Chemical #1:#2 - &) %% 50mg llZ
7z,

RS T A E— FOERFIEIZ DL TIEIhE TS
COWIFERBIC X O EFERETINTE D, BHRENT S 2
E— FCTOMBEMZ T TICHRENTNEDT, TITiE
615 & 1SR 5 A B — Ko JIS R2216 LD MR %47
725> TR, 6 BEFFUC DO TR AIED (1995) 1ITEEL
{BFEhTWBADT, ZhisRanin,
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1. BIESE

AWFFETHEA U 728 13 AR R W O3k i D 3O
X RHTEE (7 4V v 72 PW2400 ) TH O, [
EEICIRhMBBO T2 Ky 4 v K =5 X R A
HENTWS., REFRNVF—13RE 28mme O Cu v X7
TH O, —HIT 30 kD BB ATRET H 5. HERS R
Bt vo4y - avEa—7—HNDOT7 4y T 2EY 7
N 7 SuperQ b THEMLEE - BERIIEDTDO N, 00T
MRS T ) v 7 =T b 12E N5 KD ITH > TN 5.
T/, SKRERETF X MEXTRIETTRETH 5. JETT
FD AT MIVAJEL Coltide Prop. #1® K. Norrish {8
Ttk TERENIE=Y — - HSZAE— K (KHET
FAH2,000ppm TOEETB) AL, RAGEIO 3T
DR, %43 K57 MEEOE=Y —& LTEREIFER L
TWna., WEFRNEER1ICE EDTRT

AMETERB L2 &SI Cu~x A7 2 HH LT3k
W, Cu DEBSITIIITIE > THIZW,

2. MIEAE

T Y9I R  TETER/HETLREBITT b
w7 ZFHIEIEY 7 bW = 7 SuperQ L T7 7 v ¥ A v
GO NS A — FHFICES W (o (R0 2TEET
T LTHEEL, 2hEL FoMERITEA L THRER
R LTV 3

Ci=(Di+Ei*RD 1+ X%, aij*Cj) ;

Ci:MIEICE I OMEE, Ei:n#i OBREEES oM

Di: M A E DR E, Ri:tE i IZ 20 TEH

X7z net count rate, aij : JIEICE i 12T 55T

F ] OREOMIESE (0 FED, Cj:ii#j DRE

BERYMBLE : 408 X O Tk—HotKkic>VWT,
DI DR X AEDMh DT DR X ic &k » Tl %
2B EMMeonTVE (PIAE, ElEiEh,», 1981). =
B DFFEIC>VWTH, THOEEND 5L TOIRITH
LT, MEHIEREHNCY 7 b = 7 SuperQ [ CRITFIRE
APUEL TV, A TERB OEIEET-> TR O—E
32 ITRT.

FU 7T MEIE : SRESERR K O RIEVRHIE R I 13
Rh EBRO—R X KigE O MRS S BZEE O &L &
FCRd 2N L 5. COREANA B0IT, Wikl
frE=y—HHIRAE— FEHOTHRIEDIC N Y 7 MHIE
ZiT- TV 5, BURRNC I3 MR ERIRFIC—HICIE L 7o
E=F — - HIRAE— FEZOREREH W CRAGE
TEZAT O MICHOHEIE L, M ERR & R AEVEHAIE R
DE=F—E—FO IR XFRENEL LS LD ICH
EZ{T5. E=%— -« #5 AE— FORBHIERIED X
X BB % Xo, MIEZEITHOROEEL X &35 &,

Xo=aX+b
EBBEHIWabEE_Y— T ZADHEREEMN SR
W5, ORERE RO TRAGE O X MR Z M IEL T
W3,

r B &

MR (S HVE AT (GSJ) AEHERURL 15 FE%H (JA-1, JA-
2, JA-3, JB-1, JB-la, JB-2, JB-3, JG-1, JG-1a, JG-2, JG-3,
JGb-1,JP-1, JR-1, JR-2) &7 £ U AHEFAEF (USGS)
PERESCEL 9 #E4H (BIR-1, DNC-1, DTS-1, G-2, QLO-1, RGM-
1, SDC-1, STM-1, W-2) %MW THER U7z, i L 7 At
AEOFEMIOWTIZES TR L, F7, fEEREOH
BEEE LT, GSJ T2\ Tid Imai et al. (1995) %, USGS
122 TIE Govindaraju (1994) Dfii%a iz,

AT, BWEICHE O BRI O FoRHERR o IR
P & AR R D AHBIR R & OIERERE AR T, IERERE & 134
HE TR DHEIE EERE E DIF 52X 2R L, UTFoR
TERINS ;

Y[(Cr—C)?*/(n—1| "2 ;
Cr: #3326, C: 9l n : AEEESURIL
F AR ST oM TH S ;
r’=Y[(Cr—Crm)(C—Cm)| ?/| X (Cr—Crm)|? |2 (C—
Cm)|*;
Cr: #353#H, Crm : FHUO 7o EHESUR O HERE O, C: %
HME, Cm : ERUED -

F A TIIAPIFE TR U 7 R O IERE L & AHBAIR B %
BIE B 6fEBXT I OFSAE—-RI &I
ARLUTWA, R ERFREST S ZAE—- FOHE, < b
U v 7 ZHHED B T EE LR OMER L SHNES 7 2
E—RERAWEELD LRI EMREHINATHE
2 (BZ1F, Tanaka and Orihashi, 1997), Aol 5E %
HANED, FHHROEN & 2 TEEILEOBRELOIER
FEORERBENIED o7, £, MEtEOBR
HBIZOWTHRED I EWFE R 5.

BRETREEYIEUREE

1. #BHTIR

¥ FBR (Lower limit of detection : LLD) DfEFIZD
WTER MR ERIT L, FEBHEPMHMAI LTz
ZhiEHORE X E ] W TRD TWv% (Norrish and
Chappell, 1977 75 &). AW TR HRE T & DR TR
ZRl—EMEThEET 2oz, TR 7 k7
SuperQ 2 TRD., AV 7 N TEBETREEZLUTD
HXTHELTHS ;

LLD(%)=3000% [ X (ai* Ri/Ti)]"2;
ai : BAFEON Y 775y FRERREEE LD Ny 7
75y NEEORMAEMED., Ri:/Ny 775y KO
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El Overlap correction
Sc

Y Lo(R): Ti
Cr Lo(R): V
Co Lo{R): Fe
Ni Lo(R): Co
Zn

Ga

Rb

Sr

Y Lo(R): Rb
Zr Lo(R): Sr
Nb LoR): Y
Ba Lo(C): Ti
Pb

Th

Lo(C): The concentration based line overlap contribution

in concentration (wt%, ppm)
Lo(R): The count rate based line overlap contribution (kcps)

R (keps), Ti: &%/Nv 7 752 v NORERR] (s), i:
Ny 775w KOFHUEE

METLHEOME TIRAEFNRL I LicKsIcE Lvie. [
FERP OB L IR TRIIZ LR E bERRRIEZES
(I ->THD, 1EFRRTII SERR & LT TH &
b 2~3 fFER T IR E L. —J, RUHRETS Sc, V,
Ba (34 T IR AS LB i 0 A8 2 1 id Rh A BR O il g%
M ScKy & VK, (TiED i R TRV cHTH D, i
Ba 22Tk Bal, ZH T 5720 TH 5.

Lo ULEDS, b TROGEO 11 EHROEAT
&, Sc: ThH5ppm, V T6.5ppm, Ba T 19ppm TH Y,
Imai et al. (1995) D3# U 7o MV A A st KB
V) —Z | O ET, ZoRHETEETFR201E, ScT
12 JF-1 (0.23 ppm), JG-2 (2.42ppm), JR-1: (5.07 ppm),
V TiE JF-1 (543ppm), JF-2 (4.86ppm), JR-2 (3.00
ppm) DATHD, BalZLTHRHFRULETH 5.

SREFME 6 AT OWT HREIMBOEMAETTS &, 3
BRI T JF-1 D Sc, 6 fEAHMTIF JF-1 & IJG-2 D Sc &
JR2 @ VU R A TOERERXBOAERIRIL TR % [
[>T 5,

& 3. MEGIERIC O U EEEESDR O FE

Al Al A ATUw b RPrar HEY1T

JA-1 GS1 ™ 5 15 Andesite

JA-2 GSJ 4 13 Andesite

JA-3 GSJ 7 9 Andesite

JB-1 GSJ 1 - Basalt
IB-1a GSJ 2 56 Basalt

IB-2 GSI 5 15 Basalt

IB-3 GSJ 7 115 Basalt

JG-1 GSJ 5 - Granodiorite
JG-1a GSJ 7 92 Granodiorite

1G-2 GSJ 9 6 Granite

JG-3 .GSJ 2 25 Granodiorite
JGb-1 GSI 3 65 Gabbro

JP-1 GSJ 3 65 Peridotite

JR-1 GSJ 5 15 Rhyolite

JR-2 GSJ 3 64 Rhyolite
BIR-1 USGS ™ No.1512 Basalt
DTS-1 USGS 46 28 Dunite
DNC-1 USGS No.1131 Diabase

G-2 USGS 9 31 Granite
QLO-1 USGS 18 11 Quartz latite
RGM-1 USGS - 31 Rhyolite
SDC-1 USGS 104 32 Mica schist
STM-1 USGS 8 23 Syenite

W-2 USGS No.192 Diabase

*1: Geological Survey of Japan

*2: United States Geological Survey
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x4 EHCESOCH O 7o EEERTR o EREET - R O MEBAGREL - IR
R HHBAIRE (RY) ERERE (W%, ppm)
(wt%) REGEN 6AER 117K RECEIN 67 116K
Si0O, 40.49-76.92 0.9997 0.9988 0.9977 0.20 0.67 0.56
TiO, 0-1.6 0.9994 0.9994 0.9995 0.013 0.013 0.011
ALO,  0.32-1842 0.9995 0.9972 0.9989 0.11 0.24 0.15
Fe,O;, 0.77-15.08 0.9997 0.9996 0.9996 0.076 0.090 0.089
MnO 0.02-0.22 0.9977 0.9980 0.9979 0.0028 0.0026 0.0026
MgO 0.04-49.68 0.9999 0.9999 0.9998 0.16 0.12 0.19
CaO 0.14-13.25 0.9999 0.9999 0.9999 0.053 0.035 0.039
Na,O 0.02-8.96 0.9997 0.9998 0.9996 0.059 0.028 0.034
K,O 0-4.72 0.9998 0.9999 0.9999 0.024 0.019 0.018
P.Os 0-0.29 0.9923 0.9922 0.9927 0.0081 0.0079 0.0077
(ppm)
Sc 0.61-53.5 0.9937 0.9912 0.9901 1.2 1.5 1.5
\Y 3-635 0.9995 0.9991 0.9991 3.9 5.5 5.5
Cr 2.83-3920 0.9997 0.9998 0.9947 17 14 19
Co 0.46-139 0.9989 0.9989 0.9987 1.2 1.2 1.3
Ni 1.7-2460 0.9999 0.9999 0.9989 6.4 52 43
Zn 13.6-235 0.9983 0.9978 0.9983 1.9 2.1 1.9
Ga 0.15-36 0.9550 0.9672 0.9583 1.4 1.2 14
Rb 0.06-303 0.9997 0.9998 0.9997 1.8 1.2 1.6
Sr 0.33-700 0.9997 0.9995 0.9988 33 4.2 6.3
Y 0-86.5 0.9984 0.9988 0.9978 0.73 0.62 0.86
Zr 0.23-1210 0.9989 0.9994 0.9960 6.1 6.0 5.1
Nb 0.03-268 0.9989 0.9993 0.9993 1.8 1.4 1.4
Ba 0.51-1880 0.9995 0.9994 0.9975 10 12 13
Pb 0.12-31.5 0.9852 0.9840 0.9728 1.2 1.2 1.6
Th 0.01-31.6 09771 0.9918 0.9306 1.7 1.0 3.0
x 5. MHTHE 2. BYRLUIBE
e KoL TR O NIMER RO DB URE (B
(ppm) 37 6T R AR A7 URF 2y 7T BEDIT, BRIRIIONTHRERIE
Sc 2.0 34 55 A H W2 JA-1, JB-2, JR-2 DH 5 2 E— KAk LT 10
v 25 40 6.5 ]9 0 R LRIE 2470, FKonR O 10 [[IIE o FHxt
Cr 15 2.4 4.0 BIEEE (RSD) % 3R 7,
Co 1.4 2.0 3.2
Ni 10 16 96 ZORFEEE 6 I1TRT. MEICEOEA, JA1L,JIB2 B
Zn 0.65 11 17 LU JIR21ZBWNT, JA-1 D Co, Th & JR-2D V %2,
Ga 0.52 0.97 1.7 OB UREEITXTOTHRIIBOT3EFRA I A E—
Rb 0.47 0.81 14 KERWIHMZE DO EFHFREH 5 2 E— FRWIES
ir 3:1 8;‘; :: E0HEL. EEEEICENTS JA-1 O MO & JB2 0
7 0.40 073 13 CaO UM T XT3 EHMA 5 A E— KO LMo &
Nb 0.27 0.50 0.93 MEOHLD LD BEL, KB ST LD EFHR
Ba 72 12 19 FH I AE— FTOFEEILHRMWEDKED< MU v 7 2R
Pb 0.97 . 26 PHFZAE— FOLEEHIGER LAMEREWES L
Th 0.78 1.3 1.6

5.
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