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Abstract

Quantitative analytical method was established for X-ray Fluorescence Spectrometer (XRF) using a
fused glass bead of silicate rock powder diluted with lithium-tetraborate at a ratio of 1:5. It takes
approximately 80 minutes to measure 10 major and 18 trace elements on one glass bead. Calibration lines
constructed with 26 reference rock standards provide good accuracy and precision for elements with the
exception of La.

To confirm the quality of this analytical method, four reference rock standards (JA-2, JB-1a, JG-1a,
and JR-2), which are not used for constructing the calibration lines, are measured as unknown samples.
The analytical results agree well with recommended values.

The stability of the instrument is evaluated by repeating measurements of the glass beads, JB-1a and
JG-1a. The standard deviation of the results of 10 repeated measurements reveals fluctuations were below
0.02 wt. % for all major elements except SiO2. The standard deviation for SiOs is slightly higher, z.e. 0.09-
0.12wt. %, but the coefficient of variation for SiOz is 0.2%, which is small compared to other major
elements. Analytical results for trace elements of the four reference rock standards agree well with their
reported values, with the exception of Ba. Low precision and stability of Ba measurement derive from low
X-ray intensity (L-spectrum) of Ba at the analytical conditions applied.

Keywords: X-ray Fluorescence Spectrometer, 1 : 5 dilution glass bead, silicate rocks, major and lrace
element analysis
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Table 1. List of silicate rock standards used in this study.

Standard  Sample source Type
JA-1 *GSJ Andesite
JA-2 GSJ Andesite
JA-3 GSJ Andesite
JB-1 GSJ Basalt
JB-1a GSJ Basalt
JB-2 GSJ Basalt
JB-3 GSJ Basalt
JF-1 GSJ Feldspar
JF-2 GSJ Feldspar
JG-1 GSJ Granodiorite
JG-1a GSJ Granodiorite
JGb-1 GSJ Gabbro
JG-2 GSJ Granite
JG-3 GSJ Granodiorite
JP-1 GSJ Peridotite
JR-1 GSJ Rhyolite
JR-2 GSJ Rhyolite
JR-3 GSJ Rhyolite
JSy-1 GSJ Granite

MRG-1 “CCRMP Gabbro
SY-2 CCRMP Syenite
SY-3 CCRMP Syenite
NIM-G SMINTEK Granite
NIM-L MINTEK Lujavrite
AGV-2 4USGS Andesite

BHVO-2 USGS Basalt

BIR-1 USGS Basalt
DNC-1 USGS Dolelite
GSP-2 USGS Granodiorite
SDC-1 USGS Mica Schist

*GSJ: Geological Survey of Japan

#CCRMP: Canadian Certified Reference Materials Project
$MINTEK: Council for Mineral Technology, South Africa
&SGS: United States Geological Survey
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Table 2. Analytical conditions used in this study.
Angle (26) Counting time (s)
Element Line kV mA Filter Slit Crystal _ Counter PHA Peak BG1 BG2 Peak BG1 BG2
Si Ka 30 100 ouT S4 PETC PC 100-300  109.05 106.00 112.00 40 5 5
Ti Ka 50 60 ouTt S2 LiF1 PC 100-250 86.15 84.50 87.90 40 10 10
Al Ka 30 100 ouT S4 PETC PC 100-300 144.78 147.89 40 10
Fe Ka 50 60 F-Ti S2 LiF1 SC 100-350 57.51 59.00 40 10
Mn Ka 50 60 F-Ti S2 LiF1 SC 110-300  62.96 61.60 64.00 40 20 20
Mg Ka 30 100 out S4 RX35 PC 140-450 20.76 23.30 40 20
Ca Ka 40 75 ouT S4 LiFC PC 100-290 113.12 110.00 116.00 40 5 5
Na Ko 30 100 ouT S4 RX35 PC 150-310  25.06 27.50 40 20
K Ko 40 75 out S4 LiFC PC 110-290 136.68 142.00 40 20
P Ko 30 100 ouT S4 GeC PC 150-260  141.11 143.00 40 20
Ba La 60 50 out S2 LiF1 SC 100-270 87.13 88.50 80 80
Ce La 60 50 F-Al S2 LiF2 PC 140-300 128.21 127.00 130.50 160 80 80
Co Ka 60 50 ouT S2 LiF1 SC 100-300  52.77 54.80 80 80
Cr Ko 50 60 F-Ti S2 LiF2 SC 100-300 107.09 108.50 160 80
Cu Ko 60 50 out S2 LiF2 SC 80-300 65.54 64.90 66.22 80 40 40
Ga Ko 60 50 F-Cu S2 LiF2 SC 110-270 56.18 57.10 160 160
La Lo 60 50 F-Al S4 LiFC PC 100-300 138.81 137.50 320 160
Nb Ko 60 50 F-Cu S2 LiF2 SC 100-280 30.43 29.80 30.94 80 80 80
Ni Ka 60 50 ouT S2 LiF2 SC 100-300 71.25 70.54 160 80
Pb LB 60 50 F-Cu S2 LiF2 SC 120-240 40.37 40.73 160 160
Rb Ko 60 50 F-Cu S2 LiF2 SC 100-270  37.98 38.68 80 80
Sc Ko 50 60 F-Al S2 LiF1 PC 130-260 97.74 97.00 320 160
Sr Ka 60 50 F-Cu S2 LiF1 SC 90-280 25.13 24.54 26.02 80 80 80
Th La 60 50 F-Cu S2 LiF2 SC 100-270 39.22 38.62 40.08 160 80 80
\% Ka 50 60 ouT S2 LiF2 PC 150-300 123.22 121.50 126.50 80 80 80
Y Ko 60 50 F-Cu S2 LiF2 SC 120-290 33.89 33.14 34.54 80 80 80
Zn Ka 60 50 ouT S2 LiF1 SC 100-270  41.78 41.30 42.30 80 40 40
zr Ko 60 50 F-Cu S2 LiF1 SC 100-280  22.54 23.32 160 80
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Table 3. List of elements whose spectra overlap.

Elements Peak overlap
Ba-La Ti-Ka
Ce-La Ba-LB
Co-Ka Fe-KB
Cr-Ka V-KB
Cu-Ke -
Ga-Ka Zn-KB
La-La -
Nb-Ka Y-KB
Ni-Ka -
Pb-LB La-KB
Rb-Ka -
Sc-La Ca-KB
Sr-Ke -
Th-La -
V-Ka Ti-KB

Y-Ka Rb-KB
Zn-Ka -
Zr-Ka Sr-KB
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A: Ga calibration line with Zn overlap B: Ga calibration line without Zn overlap
correction correction
0.1
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y = 0.0038x + 0.0028
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A: Ga enlarged view on the low concentration B: Ga enlarged view on the low concentration
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C: Sc calibration line with Ca overlap D: Sc calibration line without Ca overlap
correction correction
0.1 0.1
y =0.0022x - 0.003 y =0.0027x - 0.0001
R?=0.9864 R?=0.9301
0.07 0.07
Accuracy : 2.4 Accuracy : 4.5
ooalt ooal T TTTTTTTT
0.01! 0.01}
__________ 35 40 i 30 35
0.02 002 Fmm e
C: Sc enlarged view on the low concentration D: Sc enlarged view on the low concentration
area area
0.04 0.04
y =0.0022x - 0.003 y =0.0027x - 0.0001
0.03 R?=0.9864 0.03 R?=0.9301
Accuracy : 2.4 o) Accuracy : 4.5A
0.02 0.02
0.01 0.01
0 0
10
-0.01 -0.01

Fig. 1. Ga and Sc calibration lines with/without overlap correction.

A: Ga calibration line with Zn overlap correction.

B: Ga calibration line without Zn overlap correction.

C: Sc calibration line with Ca overlap correction.

D: Sc calibration line without Ca overlap correction.

X-axis: concentrations of trace elements (ppm).

Y-axis: keps.

R% Correlation of calibration line.

Filled and open circles represent data used and not used for constructing calibration lines, respectively.
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Table 4. Combination of standards and elements used for constructing calibration lines.

Standard
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JA-1
JA-3
JB-1
JB-2
JB-3
JF-1
JF-2
JG-1
JG-2
JG-3
JGb-1
JP-1
JR-1
JR-3
JSy-1
MRG-1
NIM-G
SY-2
SY-3
AGV-2
BHVO-2
BIR-1 *
DNC-1
GSP-2 %
SDC-1 * %

* *
*

*

* % % % %|7O

L
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* ¥ X X
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* K X X K K K X X K X X X ¥ ¥
L R S R

LR I
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* X ¥ ¥
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L R S
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* : standards adopted

X : no recommended value has been reported
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Table 5. Conditions of calibration lines in this study.

Elements Minimum Maximum a Coefficient b Coefficient ~ Correlation Accuracy Relative error
Wt. % Wt. % Wt. %/kcps Wt. % Wt. %
Si0z 39.46 77.19 11.828 9.930 0.9992 0.36 0.01
TiO, 0.005 3.80 20.570 -0.263 0.9999 0.02 0.03
Al205 0.68 23.36 0.106 1.393 0.9999 0.16 0.01
T-FeO * 0.05 16.28 51.380 -0.861 0.9998 0.06 0.01
MnO 0.001 0.79 27.557 -0.012 0.9997 0.002 0.01
MgO 0.006 45.72 10.037 1.041 0.9999 0.03 0.01
Ca0 0.09 14.83 58.792 0.829 0.9999 0.03 0.01
Na,0 0.022 10.83 3.880 0.185 0.9996 0.04 0.01
K20 0.003 13.02 70.673 -0.050 0.9999 0.03 0.01
P20s 0.002 0.54 27.051 -0.044 0.9992 0.004 0.03
ppm ppm ppm/kcps ppm ppm

Ba 15.8 1760 0.0007 0.0098 0.9998 6.1 0.01
Ce low 0.8 80 0.0010 0.0022 0.8685 10.2 0.07
Ce high 80 2229 0.0007 0.0002 0.9997 14.8 0.10
Co 0.1 119 0.0268 0.2492 0.9991 1.7 0.07
Cr 2.0 2877 0.0008 -0.0002 0.9999 7.1 0.04
Cu 0.49 223 0.0116 0.3363 0.9933 4.4 0.10
Ga 16.3 55 0.0042 0.0029 0.9885 0.9 0.05
La 0.1 1339 0.0007 -0.0012 0.9999 3.2 0.04
Nb 0.5 1004 1.3284 0.6383 0.9967 3.6 0.06
Ni 1.1 2522 0.0110 0.1647 0.9999 4.2 0.03
Pb 1.9 133 0.0070 0.0128 0.9836 2.3 0.11
Rb low 6.9 80 0.0264 0.0606 0.9982 1.4 0.01
Rb high 80 456 0.0234 0.1871 0.9991 4.0 0.03
Sc 0.1 55 0.0022 -0.0030 0.9864 2.4 0.14
Sr 10 4681 0.0843 -0.2591 0.9999 3.4 0.01
Th 0.2 1002 0.0113 0.0087 0.9999 1.0 0.02
\Y 2.0 637 0.0031 -0.0064 0.9998 2.9 0.02
Y 1.6 718 0.0347 -0.0238 0.9998 1.8 0.03
Zn 1.4 405 0.0651 -0.0038 0.9978 2.6 0.03
Zr 6.1 11308 0.1063 1.3927 0.9999 7.5 0.01

T-FeO *: total iron expressed as FeO
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W&, IR O MR AR AR R W 22 SRR o Ce B A
A% 0~40 ppm ORI IZEF L T hHdEE 2
SND. FOMOBBEILEIIOWTIERIF A ER%155
ZENTE DLEOERNS, 40O Nt
W OB A A ORAFE O E /AT TE T4
HREZAELTWVWLEWVR 5.

A5 & N7 B EEAR B A JeA TR e o s B & Sk L
7z (36, I 3). IEREEEREULEEE OERER 5T &1,
MHEREL OB, T A — FORFREDE VWL LITKE
CARAES 720, FOfli% HHILE L -8t 1358 Lot
. Z D7D 5 NE AT O 5 E O FPH IR L
REGD IEREEEARIIAT & DAL K72 2 2% /-3 FCHER
ZAi7o72 (3). B H W E47FFE1E 2000 4F DL

IZ3FEESN, D51 A TFAE—FERH LTV A HE
fii (g, 2010, 3124, 2008, Fdk - = A, 2007, 1k
BF, 2002, 4% - E74, 2002, KB - 134, 2001) 5o
7o ZORE, Zr EHRLETORTRITBWT, M%),
) RWHREHSL I EFHER ZriZon T
MO BARELD 09999 &<, FEMPEICIZME R WS,
R AR E A W 2 BEHE SR O R FE PR 2 FR 3 5 2 &
& o T, IEMERBINETX DWHENELD 5.

7-2. WMETROKRETE
WRICEOSNEEOHZ L L THRETEIHWS
L.k (2005) ISk Bk, MINTROS M I,
77 v 7 BB OFEN & RO 2 D 505, AN
WRELSDNEL Ny 775y v FREOHEZEH O
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=al+b) THWVT, M TRISERREOSH % #F
DOREHERFL 1 oI & T8 X oo T8 X ]
(MR 2tk Y #27, 2009) ICRENTWE TR 3) 10X
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Fig. 2a. Calibration lines for major elements measured in this study.
X-axis: concentrations of major elements (wt. %).
Y-axis: keps.
R?% Correlation of calibration line.
Filled and open circles represent the data used and not used for constructing calibration lines, respectively.



AT A = R & 28306 X odr s & H W BRIR G A o F - oo

Ba Ce Co

0.8 T 3
y = 0.0007x + 0.0098 y =0.001x +0.0022 y = 0.0268x + 0.2492
0.6 R? = 0.9998 R*=0.8685 " R? =0.9991
Ce >80 ppm
04 0.5 ¥ = 0.0007x + 0.0002
o5 R? = 0.9997 1
Ce < 80 ppm
0 4 0 . = L ' o 0 . : = . 2
0 200 400 600 800 1000 0 200 400 600 800 1000 1200 0 20 40 60 80 100
Cu Cr Ga

0.1

y =0.0116x + 0.3363 y = 0.0008x - 0.0002 y =0.0042x + 0.0029

. R?=0.9933 . R? = 0.9999 R?=0.9885
0.05
0.5 0.5
5 ! ; P : , , ; 8 , :
0 20 40 60 80 100 0 500 1000 1500 2000 0 5 10 15 20 25
La Nb Ni
0.5 500 15
y =0.0007x - 0.0012 y =1.3284x + 0.6383 y =0.011x + 0.1647
o R?=0.9999 400 R? = 0.9967 i R? = 0.9999
0.3 300
0.2 200 5
0.1 100
o ; ; o . ; s ;
0 100 200 300 400 500 600 700 1) 100 200 300 400 0 200 400 600 800 1000 1200
Pb Rb Sc

0.5 0.1

y = 0.0264x + 0.0606

y =0.007x + 0.0128 y =0.0022x - 0.003

04 R? = 0.9836 1 R? = 0.9982 o R? = 0.9864
0.3 O Rb >80 ppm
o5 y =0.0234x + 0.1871 oo
o 2 R? =0.9991
) Rb < 80 ppm 0.01
. : . . . . : . '
0 10 20 30 40 50 60 0 50 100 150 200 250 .0.02 40
Sr Th \'}
150 5 1.2
y =0.0843x - 0.2591 , | y=00113x+0.0087 y =0.0031x - 0.0064
R - . 2 =
156 R? = 0.9999 . R?=0.9999 - R? = 0.9998
50 & 0.4
1
& ; ; i ; i ; ; o ;
) 500 1000 1500 2000 0 100 200 300 400 ) 100 200 300 400
Y Zn Zr
12 12 500
y =0.0347x - 0.0238 y =0.0651x - 0.0038 y =0.1063x + 1.3927
R? =0.9998 R?=0.9978 800 R? = 0.9999
8 8
300
2 n 200
100
o : ’ o . : ; , 6 ; :
0 50 100 150 200 250 300 350 ) 50 100 150 200 0 1000 2000 3000 4000 5000

Fig. 2b. Calibration lines for trace elements measured in this study.

X-axis: concentrations of trace elements (ppm).

Y-axis: keps.

R% Correlation of calibration line.

Filled and open markers (circles < 80 ppm, triangles = 80 ppm) represent data used and not used for
constructing calibration lines, respectively.
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Table 6. Comparison of measurement accuracy of this study with reported values.

This study Sato Nagai et al. ilr:;]ajomzrt]: Sano Tani et al. Yajima et al.
(2010) (2008) (2007) (2002) (2002) (2001)
Wt. %
Sio; 0.36 0.55 0.54 1.45 0.280 0.67 0.17
Tio, 0.02 0.02 0.03 0.01 0.037 0.013 0.01
Al,03 0.16 0.17 0.33 0.12 0.276 0.240 0.09
T-FeO 0.06 0.15 0.20 0.13 0.303 0.090 0.02
MnO 0.002 0.00 0.007 0.00 0.008 0.003 0.00
MgO 0.03 0.37 0.22 0.07 0.259 0.120 0.06
Ca0 0.033 0.10 0.11 0.08 0.158 0.035 0.02
Na,0 0.042 0.05 0.1 0.05 0.073 0.028 0.07
K20 0.027 0.02 0.06 0.03 0.074 0.019 0.03
P20s 0.004 0.01 0.010 0.00 0.028 0.008 0.01
ppm

Ba 6.1 - 23 8 20.9 12 17
Ce low 10.2 (<80ppm) B B B R B B
Ce high 14.8 (>80ppm)

Co 1.7 - 4.6 2 - 1.2 -
Cr low 71 B 24 6.7 (<100ppm) 14 14
Cr high 29.9 (>100ppm)

Cu 4.4 - - - 13.6 - -

Ga 0.9 - - - - 1.2 -

La 3.2 - - - - - -
Nb low 3.6 - 0.9 (<20ppm) 1 0.5 (<20ppm) 14 1
Nb high - 4.3 (>20ppm) 1.7 (>20ppm)

Ni low 4.2 B 57 9.2 (<150ppm) 52 4
Ni high 12.4 (>150ppm)

Pb 2.3 - - - - 1.2 -
Rb low 1.4 (<80ppm) R 4.7 (<70ppm) 2.9 (<100ppm) 1.2 3
Rb high 4.0 (>80ppm) 1.9 (>70ppm) 7.9 (>100ppm)

Sc 2.4 - - - - 1.5 -

Sr 3.4 - 25 8 22.0 4.2 5

Th 1.0 - 2.8 - - 1.0 -

Vv 2.9 - 17 6 4.4 5.5 9

Y 1.8 - 6.1 1 2.3 0.62 2

Zn 2.6 - 11 - 2.1

Zr 7.5 - 15 6 6.1 6.0

Number of 33 24 35 14 24 24 19
standard

D, ZEMEE LTRINTILLD Ol 217572,

LLD=3@§[HZ:A¢7f> (3)

Ip+p ' ©— 7580 (ppm/kcps)

Is: 2Ny 2757y FiE (ppm/keps)

tr EHURER (s)

T IEWEITHEOMB TREZ RS, METEOMM
TRREAID (2002) & AT L7206, £ ToOINHE
BV THSEP X ) BRI Z# 5 2 &AMk, XRF

XA ABESAT D La DERSHICOWTIE,
Tanaka and Orihashi (1997) RHAEFIZA (2002) 7 &%
BlOWE LD 205, HMBEHFEFTTIIHLVWATH 5.
La O A IIHE 2 MR O 72 B R o ARl & 0
LM TFRRAE L 2o TH Y, Ml FRRIE oK R
BOGHNIZ T LEREIAES. &2 THMOBERTIX
LaldB#lHe LTORVITHE D, 5HoMEE LT, &
DVIREAROREOATHREREMER L, BILTRZT
Fa%E, L OEMEORECHH D EED &) S HE 2
19 FPETH 5.
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Fig. 3. Comparison of accuracy of major elements and trace elements with reported values. (a) major elements, (b)

trace elements.

Y-axis: Accuracy with log scale (wt. % or ppm).

Diamond represents accuracy in this study.

Solid and dashed bars represent the ranges of multiple and single reported accuracy values, respectively.
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& DHEIRKT 06wt % Z/RLIZDDD, iR
D TEHE E RTINS L, RARBOSHHE L LT
7w E A 720 72 JR-2 O MgO 120w, s
EOFFOMATR (£20) Z@&BLL TW5E25, ZoifEd
fEAERRLO T BRI & 2 E T, Sl &
HESRAE & D775 003 wt. % T 5 A5 Lo R
WEHIWT L7, FoMoItEICOVTIE, Bl s
[ U iissdipiiN (£20) oftizR L7z,

MEICHKIZOWT, HELEME & DHHTFRZEDS 10 ppm LA
EZRL72DIEJA2D Cr, JB-la® Ba, Cr BL U JR-2
D Ce, Cr, Cu, NiThH5b. 09 bH, HEOFOHAE
HPHA (£20) 2415 B DIEJR-2 D Ce, Cr, CuThH
5. JR-2® Cr & CulZ oW TIIESAE A T BRIZE
WZ LD, THTRENPREL R DLEEZ NS,
Ce 22V TiZ, MoREHEZEOGHTIRZEITE ppm &/
L, GMEMSEOMELZEZICL W, HFAE—F
DAL B b DR, HEIHEICHEDZ D L DH, &
BESICHREZIT) LENH L. Do X ) il
DONDLDHDOD, MEITLFEOGHEIZ OV T b AR
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7-4. R UBAIERE

KEOREEE SMRE L HERT 572012, JB-lab
X JG-1a iz oW 10 [ #k: b 3K L2#r 2 47\,
ZORERD OEERFAB L OEHREE ZNLZFRKD
72, BEO-OEHEROHERMELRL TS (K9).

IJB-la, JG-la & H1ZSi0y < EWHGILEIZOVT
R 7= 0.02wt. % LT O ZH 52 L TE L.

Table 7. Values of the lower limit of detection.

SiOz 1Z JB-1a T 0.09wt. %, JG-1a TO012wt.% Td -7z
A, EAHEICNT BN R BB TH L LR DM
FZENZN02% EMMOILHE EHRTH T4/ S Wl
L7z
RICFEIZOWTIE, JBla, JG-la & b2 Ba o
w723 5ppm BL R &2 D, o eF IR THEEKA S
<, DHREERRRE N, ZIUIOHRIC LA lisT
Wo 70, XHEREIVNS , REUPEL otz l
HEHNZEEZONS., £72Ba® Lo it (20=87.17)
DOFEEEITIE, R X B E 2 B Ti-Ke #f (20=86.14)
BHEAET L. GHBEO/NS LR %25 T 5%4E, Ba
O X BEEES TSN, SRBENEL o7
LEzZoNL. Zoft, MULGERLZREKLES
I ) EHBEOREEREO TP LEEREIIREL D
(N Y (W

8. &

8-1. 2009 4FIZAPNIE A S N800 X M ir
ZSX Primus 1T (RIGAKU #L#) % JAwC, IR
DE - MK S (28 LK) DEESMN —F ¥ 2 ER L
7o, BRBOERICH 2D, FWHESHOTT AL —F
PCVE L 7-BE Rt (G]S, USGS %) % 30 FEFUH & L
7o, FD 5B 26 W EE W TIER L 72 Moo IE R 2

Element LLD (ppm)
Ba 6.5
Ce 0.3
Co 0.11
Cr 1.8
Cu 0.02
Ga 0.9
La 12.5
Nb 0.7
Ni 0.1
Pb 0.5
Rb 0.4
Sc 0.1
Sr 0.8
Th 0.1
\% 1.6
Y 0.2
Zn 0.6
Zr 0.1

FREU,

CHE TOREM L IARTHHEEAITR L, BE
DM A A DARA

B O E RGO TIE 0k

Table 8. Analytical results of four samples, which were not used to construct calibration lines.

JA-2 JB-1a JG-1a JR-2
wt. % Measured ~ Recommended le(f;t;;ce Measured ~ Recommended le(f;i:r;ce Measured ~ Recommended le(f;i?ce Measured ~ Recommended le(f;t:r)\ce
Si02 57.63 57.55 -0.08 53.10 52.80 -0.30 72.35 72.74 0.39 77.32 76.72 -0.60
TiOz 0.68 0.67 -0.01 1.28 1.29 0.01 0.25 0.25 0.00 0.08 0.07 -0.01
Al03 15.98 15.72 -0.26 14.60 14.56 -0.04 14.09 14.39 0.29 12.82 12.89 0.07
T-FeO 5.65 5.70 0.05 8.15 8.20 0.06 1.79 1.81 0.02 0.72 0.70 -0.02
MnO 0.11 0.11 0.00 0.15 0.15 0.00 0.06 0.06 0.00 0.1 0.11 0.00
Mg0 7.35 7.75 0.40 7.94 7.89 -0.05 0.68 0.69 0.01 0.01 0.04 0.03
Ca0 6.33 6.42 0.09 9.41 9.38 -0.03 2.13 2.14 0.01 0.50 0.51 0.01
Na,O 3.19 3.7 -0.02 2.79 2.75 -0.04 3.37 3.41 0.04 3.97 4.04 0.07
K20 1.86 1.85 -0.01 1.42 1.41 -0.01 4.00 3.98 -0.02 4.61 4.51 -0.10
P20s 0.16 0.15 -0.01 0.26 0.26 0.00 0.08 0.08 0.00 0.01 0.01 0.01
ppm
Ba 326.4 327.4 1.0 496.9 507.8 10.9 466.4 472.8 6.5 42.3 40.0 -2.3
Ce 38.9 33.4 5.6 64.5 66.4 1.8 48.3 453 -3.1 25.8 39.3 13.5
Co 28.6 30.1 1.4 36.3 38.9 2.6 6.0 5.9 0.0 0.6 0.5 -0.1
Cr 399.9 444.7 44.8 406.5 394.9 -11.5 22.8 17.7 -5.1 13.9 3.1 -10.8
Cu 30.0 30.3 0.3 51.8 571 5.3 2.1 1.7 -0.4 14.2 1.4 -12.8
Ga 17.3 17.2 -0.1 17.9 18.0 0.1 16.1 16.6 0.5 17.4 18.1 0.7
La 15.5 16.1 0.6 33.9 37.9 4.0 20.9 21.4 0.5 20.7 16.5 -4.2
Nb 9.7 9.7 -0.1 26.3 271 0.8 10.7 11.5 0.7 13.3 19.0 5.7
Ni 134.7 132.6 -2.1 141.4 140.0 -1.3 11.0 7.0 -4.1 9.0 2.0% -6.9
Pb 20.5 19.6 -0.9 6.7 6.8 0.1 26.6 26.6 0.0 22.6 21.8 -0.8
Rb 73.3 74.4 1.0 39.3 39.5 0.2 176.9 179.1 2.2 310.7 307.1 -3.6
Sc 20.8 20.0 -0.9 30.7 28.1 -2.6 7.1 6.3 -0.8 3.0 5.7 2.7
Sr 252.9 253.0 0.0 446.0 445.3 -0.7 180.3 188.1 7.9 9.5 8.2 -1.2
Th 4.0 5.1 1.1 9.2 9.1 -0.1 13.0 12.9 -0.1 33.8 31.8 -1.9
\ 119.7 128.5 8.8 202.8 206.5 3.7 233 22.8 -0.5 5.1 3.0 -2.0
Y 18.7 18.7 0.0 233 24.2 0.9 32.0 323 0.3 49.0 51.8 2.8
Zn 66.3 66.0 -0.3 81.5 82.7 1.2 37.2 36.7 -0.5 27.2 28.2 1.0
Zr 121.4 118.3 -3.0 138.1 145.1 6.9 127.3 118.7 -8.5 94.1 97.6 3.5

*: preferable value
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Table 9. Results of 10 times analyses of two samples to test the stability of the apparatus.

JB-1a JG-la
Recommended Measured Standard  Coefficient of Difference Recommended Measured Standard  Coefficient of Difference
value value ave. deviation variation (%) (Measured - value value ave. deviation variation (%) (Measured -
(n=10) Recomended) (n=10) Recomended)
Wt. % Wt. % Wt. % Wt. % Wt. % Wt. % Wt. % Wt. %
Si0, 52.80 52.99 0.09 0.2 0.18 72.74 72.5 0.12 0.2 -0.20
TiO, 1.29 1.26 0.02 1.3 -0.03 0.25 0.28 0.00 1.7 0.03
Alz03 14.56 14.57 0.02 0.1 0.01 14.39 14.11 0.02 0.1 -0.27
T-FeO 8.20 8.13 0.01 0.1 -0.07 1.81 1.80 0.00 0.1 -0.01
MnO 0.149 0.148 0.00 0.4 0.00 0.057 0.060 0.00 0.5 0.00
MgO 7.89 7.94 0.00 0.0 0.05 0.69 0.69 0.00 0.3 0.00
Ca0 9.38 9.39 0.01 0.1 0.01 2.14 2.15 0.00 0.1 0.00
Na,0 2.75 2.78 0.01 0.5 0.03 3.4 3.38 0.01 0.3 -0.03
K20 1.41 1.41 0.00 0.1 0.00 3.98 3.99 0.00 0.1 0.01
P20s 0.26 0.26 0.00 1.5 -0.01 0.08 0.09 0.00 1.8 0.01
ppm ppm ppm ppm ppm ppm ppm ppm
Ba 508 498 7.85 1.6 -10 473 466 7.37 1.6 -6
Ce 66 62 1.54 2.5 -4 45 46 1.83 4.0 1
Co 39 38 1.05 2.8 -1 6 6 0.38 6.2 0
Cr 395 399 3.31 0.8 4 18 20 1.79 8.8 3
Cu 57 51 1.75 3.5 -6 2 4 0.95 25.8 2
Ga 18 17 0.66 3.9 -1 17 16 0.32 2.0 -1
La 38 38 2.54 6.7 0 21 24 2.66 1.2 2
Nb 27 27 0.39 1.4 0 11 11 0.25 2.3 -1
Ni 140 141 0.90 0.6 1 7 10.0 1.05 10.5 3
Pb 7 7 0.75 11.3 0 27 26 0.42 1.6 0
Rb 39 39 0.26 0.7 0 179 177 0.44 0.2 -2
Sc 28 30 0.72 2.4 2 6 7 0.79 1.7 0
Sr 445 445 0.64 0.1 0 188 179 0.52 0.3 -9
Th 9 9 0.40 4.3 0 13 13 0.44 3.5 0
\% 207 204 2.19 1.1 -3 23 23 1.82 8.0 0
Y 24 23 0.26 1.1 -1 32 32 0.37 1.2 0
Zn 83 81 0.47 0.6 -2 37 37 0.37 1.0 0
Zr 145 138 0.23 0.2 -7 119 127 0.21 0.2 8
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