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BLUMBOY 7 by =7 (0S/2 LOEREER) < X 0 2EEAMSfTON, MERRIZA
V54 vTHEENSE, LHLEYES, KV 7 by 7 CRAEERLL Y 7 A VIZEEER
Wic, RABDWEILEADA 7 74 v OMEARICRPPAMETSH 5, Fig. 1 i3, HEHERH
BEHESAEE JB-1 OFEHAERO > b, WEHE « 2 V¥ — o445 LiF (2000 & 3
FRERLLODTH %, RhBEROBS (Willis, 1989 72&) EHEL TR 2 VX ~flOF)
ENRBEL, FfEx 2 v F—flo CrK, A ORIESHESE W Cr EROBHEMSREIN T
W3,

SR B L CHBRATCRIC BT BRIESRM%E, Table 1 BLTF2IZNETHRT,
FEFSILRICOVTE, BALRO XFARELROR BARMIEEL, Theho XK
BV U - BERS A PUE U 7o FRRSY 10 SoRic B4 2 AIER RN, 1 5 oRIEH - 0H 19
NTHB, MBILROBEER, ScLANDTNTOILRICDWTHERERA LiIF(200), BRHER
BYvyFr—vavhd vy —THbd, Scled2WOTIRSNEED Ge, BRHBIR7n—~T0o
R—Vad VAo vy —Thd, HEEOLEREAICEaIY A —F—iZFine Y v b (150
em) EHEHITNEXTH 55, FEEBCRIMNBLTVWEWEYD, T Coarse A L7, &
fo, AERBRIMERERHEBOMESOESEEI LTV, REBBAEZ/NSLST S0
DHHERDIEV, ZhZThocKOREERIE, BYTRHEBASBOALXICHESH

Table1 Analytical conditions of major element analyses.

26 angle counting time (s) analyzing LLD Error®
oxide line peak ~-back +back peak  back crystal detector® (wt. %)
Fe,04 K. 57.500 56.240 58.780 40 20 LiF (200) SC 0.004 0.066
MnO K. 62.955 61.720 64.030 60 60 LiF (200) SC 0.043 0.18
TiO, K. 86.120 84.500 87.910 40 20 LiF (200) SC 0.001 0.009
CaO K, 113.060 111.200 114.880 40 20 LiF (200) SC 0.003 0.059
K0 K, 69.980 68.180 71.660 40 20 Ge FPC 0.001 0.087
P:0s K. 141.070 138.060 143.270 60 60 Ge FPC 0.006 0.004
SiO; K. 109.060 106.340 111.560 40 40 PET FPC 0.020 0.23
Al Oy K, 144.760 140.280 - 40 40 PET FPC 0.022 0.13
MgO K, 45.235 42.900 47.500 60 60 TAP FPC 0.043 0.18
Na;0 K. 55.170 53.480 56.690 120 120 TAP FPC 0.064 0.090

Rigaku RX8787 operated at 50kV-50mA with a Cr anode tube.

2Error =/ £(Coac—Cea)2/n , WhereCoy : calculated concentration in standards; Cyu: recommend-

ed concentration in standards; z»: number of standards. *SC: scintillation counter, FPC: flow
proportional counter. ‘
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Table 2 Analytical conditions of trace element analyses.

26 angle counting time(s) slope overlap correction LLD* Error'
element line peak -back +back peak back factor line factor (ppm) (ppm)
Nb K. 21.385 20.765 21.780 300 300 0.9984 2.00 1.1
Zr K, 22.535 21.780 23.090 200 200 1.0033 SrK, 0.08038 2.0 3.2
Y K., 23.785 23.225 24.205 200 200 0.9983 RDbK, 0.19294 2.4 1.6
Sr K., 25.130 24.200 26.000 200 200 0.9923 1.9 4.4
Rb K. 26.600 26.000 ~27.145 200 200 0.9977 2.1 2.8
Th L. 27.450 - 28.715 600 600 1.1407 .38 1.2
Ga K, 38.900 38.135 39.540 200 200 0.9965 2.1 0.7
Ni K, 48.650 47.030 49.990 200 200 1.0182 3.1 4.9
Co K, 52.780 - 54.000 200 200 1.1702 FeK, 0.001383 3.2 3.7
Cr K., 69.355 68.000 - 600 600 1.6327 VK, 0.004717 10.6 17.4
\4 K. 76.945 - 78.100 200 200 1.1603 TiK, 0.01736 1.1 12.6
Ba L. 87.145 - 89.000 200 200 1.2276 TiK, 0.001414 2.4 17.4
Sc K., 55.380 54.500 - 200 200 0.9107 CaK, 0.008437 0.2 2.5

Rigaku RX8787 operated at 50kV-50mA with a Cr anode tube. Ge crystal and flow proportional
counter for Sc, LiF(200) crystal and scintillation counter for other elements.

*LLD (Lower Limit of detection) is given by peak minus background (3¢ confidence) in a SiO,
matrix (after Norrish and Chappell, 1977).

'Error of calibation line=v X(Ceuc-Csrp)?/n , whereC,, : calculated concentration in standards ;
Csm: recommended concentration in standards; n: number of standards. *Analytical error used
in the text.
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Table 3 Calibration constanta and matrix correction factors of major element analyses.

Calibration Constant

Matrix Correction Factor (a;X100)

analyte A B C Si0, TiO, AlO, Fey04 MnO MgO CaO Na,O KO P,0s
Sio, 0.000742 1.98767 0.791955 - 0.03808 0.30873 0.24840 0.22187 0.27657 0.01296 0.24477 -0.00667 -0.00281
TiO, -0.00011 0.099562 -0.00146 -0.09663 - -0.14328 -0.19318 -0.21883 -0.16905 0.78096 -0.20756 0.74562 -0.06645
AlL,O;  0.000411 2.1101 0.010118 0.00636 0.05029 - 0.26018 0.23313 0.31645 0.02711 0.26966 0.01033 0.01866
Fe,O; 0.000015 0.190875 0.042543 -0.24733 0.57446 -0.29142 - -0.02773 -0.31655 0.58737 -0.35200 0.57589 -0.21540
MnO -0.07438 0 1.02984 0.002036 0.89283 -0.12705 -0.03981 - -0.15666 0.91782 -0.19923 0.89860 -0.03731
MgO 0.03063  0.00991 7.8047 0.270801 0.07100 0.01401 0.27928 0.25279 - 0.04726 0.29450 0.02700 0.04315
Ca0 0.01618 0.000004 0.19907 0.007207 -0.14939 -0.03110 -0.08744 -0.11640 -0.05815 - -0.09837 0.86868 0.04474
Na,O 0 31.2293 0.069832 0.06792 0.10493 0.05192 0.31231 0.28573 0.03085 0.08018 - 0.06065 0.08132
K0 0.000006 0.046147 -0.00674 0.08776 -0.12103 0.04075 -0.01911 -0.04945 0.01280 -0.11332 -0.02815 - 0.11487
P,Os 0 0.514597 0.001478 0.33285 0.01427 0.29990 0.23396 0.20416 0.26813 -0.00616 0.23189 -0.02129 -
Wi=(AL+BL+C) X (1+Z;a;W)), where W, W;: weight fraction of analyte ¢ and matrix j; A, B, and C: calibration constant; I;: X-ray

intensity of analyte i; a;: matrix correction factor of matrix j on analyte i (£ # j).
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Fig.2 Calibration lines for Si, Ti, Al, Fe, Mn, Mg, Ca, Na, K and P.
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DOEEEE, HEkic X 2353HE (Govindaraju, 1989 ; Imai et al., 1995) ZEAL 72,
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5&51, CrEROBED CrK, 7 v 7 + v EEUREE & SN O BRBIRE O & 313X
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mann and Kemp, 1958 ; #2134, 198175 &) b 3, L LK, BLRONNv 275D
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(KEFEH, 1987158), Bz xAVF—[EE Ny 7 75y v FihicBil3a Y 7+ YEEBO
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FEEZEHT 5HETIER, —BNSHEOKRETRERIBETXEBEESEBONEY, X
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Fig.4 X-ray intensity divided by the backgroound intensity of SrK, (20=24.2°) plotted
against concentration of Sr (A), and X-ray intensity multiplied by MACy plotted
against concentration of Sr (B).
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Fig.5 Calibration lines for Nb, Zr, Y, Sr, Rb, Th, Ga, Ni, Co, Cr, V, Ba and Sc. The elements
at wavelength shorter than the absorption edge of FeK, X-ray intensitis were
divided by the background intensity of SrK,. The elements at wavelength longer than
the absorption edge of FeK,, concentrations were divided by the mass absorption
coefficients calculated using a major element composition. In the case of Zr, Y, Co, Cr,
V, Ba and Sc, line overlap correction is also made.
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Summary

Major and trace element analyses of rock samples by a popular X-ray
fluorescence spectrometer using Cr anode tube

Nobutaka TsucHIYA
(Department of Geology, Faculty of Education, Iwate University),
Hideo Akanuma and Madoka SAkivaMA
(Iwate Prefectural Museum, Ueda-Matsuyashiki, Morioka, Japan)

Detailed analytical methods and correction procedures are described for 10 major
elements (Si, Ti, Al, Fe, Mn, Mg, Ca, Na, K and P) and 13 trace elements (Nb, Zr, Y, Sr, Rb,
Th, Ga, Ni, Co, Cr, V, Ba and Sc) using a popular X-ray fluorescence spectrometry
(Rigaku RX8787) with Cr anode tube. Major elements are determined on fused glass
discs. Matrix correction factors are theoretically calculated using the Fundamental
Parameters equations, and calibration is made by the regression analyses of 27 standard
samples. Trace element analyses are made on pressed powder pellets. Matrix corrections
are based on the mass absorption coefficients estimated by the intensities of background
of SrK, (20=24.2°). At wavelength longer than the absorption edge of FeK,, mass
absorption coefficients are calculated using a major element composition. Twenty-five
standard samples are used for the calibration. The results obtained with the present
study show high to acceptable accuracy. The present method is particularly useful for
multi-element determination on a large number of igneous rock samples.





