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1. Introduction

Mineral Resources Research Group installed an X-ray fluorescence spectrometer
(XRF) at the 7-6-1110 room of Geological Survey of Japan in March 2013. Since the
installation, we have created calibration lines for various compositional rocks. In this
report, we have shown the accuracy and determination limits of rock chemical analysis
using the calibration lines as of January 2016.

The XRF is RIGAKU ZSX Primus III+, a wavelength dispersive spectrometer with
an Rh tube of 3 kW. The tube irradiates X-ray to a sample obliquely downward. The
software provided by RIGAKU on PC can control all machinery setting. A sample

autoloader enables us continuous analysis up to 39 samples.

2. Standard samples and sample preparation

2.1 Quantitative analysis of major elements using fused disks

We created calibration lines of SiO,, TiO,, Al,Os, Fe;O3;, MnO, MgO, Ca0O, Na,O,
K,0 and P,Os using the GSJ standard samples JA-1, JA-2, JA-3, JA-la, JB-2, JB-3,
JB-1a, JG-2, JG-3, JGb-1, JGb-2, JR-1, JR-2, and JR-3. We adopted the recommended
analytical values of the standard samples by Imai et al. (1995) and Terashima et al.
(1998) for creating calibration lines. To minimize matrix and mineral effects, we used
the fused disk method, and set the dilution ratio of sample by flux 1:10. In practice, we
weighed sample 0.5 g and flux (Spectromelt A10: Li,B4O7) 5 g, and mixed them
completely with an agate mortar. We usually added two drops of remover (LiBr 33%

aqueous solution) to the mixture of sample and flux. Fused disks were produced by a
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microwave bead sampler (Herzog HAG-M-HF) using crucibles of Pt 95% and Au 5%
alloy at 1250°C. We temporarily named the quantitative analytical program “GB
(2014_06)”.

2.2 Quantitative analysis of SiO,, Al,O3, TiO,, and Fe,Os3 in high-silica rocks

For the analysis of high-silica rocks, we used the standard samples Silicon dioxide
(Spec pure) made by Johnson Matthey (JM) and JG-2. The mixing samples of JM and
JG-2 (five steps) were produced to create calibration lines. The chemical compositions
of the standard samples are listed in Table 1. The specification of fused disks is the
same as in the former section. We temporarily named the quantitative analytical

program “high SiAlTiFe”.

2.3 Quantitative analysis of major and minor elements using powder pellets

We created calibration lines of SiO,, TiO,, Al,Os, Fe;O3;, MnO, MgO, Ca0O, Na,O,
K,0 and P,Os (major elements) and Ba, Cu, Nb, Co, Ni, Rb, Sr, V, Zn, Zr, La, Ce, Nd,
Sm, Yb, Ga, Th, U, Y, Sn, and Ta (minor elements) using the GSJ standard samples
JA-1,JA-2, JB-2, JB-3, JG-2, JG-3, JGb-1, JP-1, JR-1, JR-2 and JR-3. Due to the higher
contents of Cr in JP-1 and Zr in JR-3, we produced mixing samples of JP-1 with silicon
dioxide (three steps) and JR-3 with silicon dioxide (two steps). The chemical
compositions of the standard samples are listed in Table 2. Powder pellets were formed
by a hydraulic molding press machine (TYPE-BRE-33, Maekawa) using aluminum
rings 20 mm in inner diameter. The pressure and time of molding were 20 MPa and 30
seconds, respectively. We adopted the recommended values of the standard samples by
Imai et al. (1995), and temporarily named the quantitative analytical program “REE
(GIS)”.

3. Analytical procedure

We set voltage and current of the Rh tube 50 kV and 50 mA, respectively. The
condition of the sample chamber was in vacuum. A sample holder with mask 20 mm in
inner diameter is made of stainless steel, and is rotated during analysis. We referred

analytical conditions and times to Johnson et al (1999), Seno et al. (2002), and Kawano
(2010). The analytical time of GB(2014 06) was 11 minutes/sample, high SiAlTiFe 4
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minutes/sample, and REE(GIS) 225 minutes/sample. The detailed analytical conditions
of GB(2014 06), high SiAlTiFe, and REE(GIS) are listed in Tables 3, 4 and 5,
respectively.

In the analysis using REE(GIS), we applied the matrix correction (JIS model) for all
elements except for Si. We also applied the overlap correction for interfered specific
X-ray. In the analysis, the overlapped X-ray peaks were identified as follows: Cu-Ka
and Th-Lf, Nb-Ka and Y-Kf, Co-Ka and Nd-Ly, Ni-Ka and Rb-Kf3, Sm-La and La-Ly,
Yb-La and Ni-Ka and Rb-Kf3 and Co-Kf, Ga-Ka and Nb-Kf, Ta-La and U-Lf, Y-Ka
and Rb-Kf and Th-Lp. The software provided by RIGAKU automatically calculated all
of the matrix and overlap corrections. The correction coefficients are listed in Tables 6
and 7.

The accuracy (ACR) of calibration lines were calculated by the following equation:

Y(Cm—Cr)?2
n—2

ACR=

Cm= analysis of each element, Cr= analysis of each standard value

n= number of standard samples for the calibration line

The 95% confidence interval of each calibration line was calculated using the predict
function based on the linear regression model. We used Statistic free software R (R core
team, 2014, ver. 3.1.1) for the predict function. To verify the accuracy of each analytical
program, we analyzed the standard samples issued by GSJ and Natural Resources

Canada.

4. Analytical results and discussions

4.1 GB(2014 _06) program

The calibration lines are shown in Figure 1. The correlation factors of SiO,, MgO,
K,0, Ca0O, TiO, and Fe,0; are greater than 0.999, and Al,O3, P,Os, MnO and Na,O
greater than 0.99. The relative errors for each element were less than 0.4%. Thus, the
accuracy of quantitative analysis using GB(2014 06) is enough high. To determine
hypothetical determination limit, we calculated the 95% confidence interval and relative
errors for each calibration line. In this program, we defined that the compositional range
of which it is within the 95% confidence interval and has less relative error than 10%

from the recommended value is the hypothetical determination limit (Table 8).
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To verify the applicability of the calibration lines, we analyzed the following
standard samples, which were not used for creating the calibration line: JF-1, JZn-1,
JP-1, JMs-2, JDo-1, JCh-1, JSd-1 and JH-1 (Table 9). When the rock analyses are lower
than the hypothetical determination limit, most of the analyses were divergent from the
recommended values. Thus, we cannot extrapolate the calibration lines for lower
concentration side from the hypothetical determination limit. In contrast, when the rock
analyses are higher than the hypothetical determination limit, even if the rocks are not
only silicate but also carbonate, most of the analyses were within the relative error limit.
However, the rocks of extreme compositions such as JCh-1, JMs-1 and JP-1, some
elements showed divergent compositions from the recommended values. On the basis
of the results above, we practically defined the determination limit of the calibration

lines as shown in Table 10.

4.2 high SiAlTiFe program

The calibration lines for quantitative analysis of SiO,, Al,O3, TiO; and Fe,O; are
shown in Figure 2. All elements showed high correlation factors greater than 0.99, and
the relative errors were 0.55, 0.062, 0.002 and 0.006 %, respectively. When we use the
same definition as the former section, the hypothetical determination limit is shown in
Table 11. To verify the applicability of the calibration lines, we analyzed the following
standard samples, which were not used for creating the calibration lines: JF-1, JCh-1,
JP-1, JDo-1, and the mixture samples JG2M3, JG2M4 and JG2MS5 (Table 12). On the
basis of the results above, we practically defined the determination limit of the

calibration lines as shown in Table 13.

4.3 REE(GIS) program

The calibration line for each element and the analyses after the matrix correction are
shown in Figure 3. Though, most of the elements showed the correlation factors greater
than 0.97, those of Sm, Yb, Ga, U and Sn were 0.88, 0.57, 0.82, 0.73, and 0.89,
respectively. The specific X-ray of Ta cannot be enough detected (only 2 of 19 points).
Thus, the accuracy of the analysis Sm, Yb, Ga, U, Sn and Ta using this calibration lines
is not sufficient. In this program, we defined that the ranges of which the divergent rate
from the recommended values is less than 30% are the hypothetical determination limit

(Table 14). To verify the applicability of the calibration lines, we analyzed the
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following standard samples, which were not used for creating the calibration lines:
JLs-1, JLk-1, JDo-1, JMs-1, JMn-1, JZn-1, JCu-1, SY-4 (Certificate of analysis by
Canadian Certified Reference Material Project (CCRMP), 1993) and WPR-1a
(Certificate analysis by CCRMP, 2012) (Table 15). When the rock analyses are lower
than the hypothetical determination limit, most of the analyses were divergent from the
recommended values. When the analyses are within the hypothetical determination limit,
the accuracy is enough high in general. Though, the analyses are within the hypothetical
determination limit, some elements of extreme compositional rocks (e.g., Fe,O3; and
Na;O in JZn-1, Ba in JLs-1, Rb in SY-4, Sr in JLs-1 and JDo-1, Y and Zn in JDo-1 and
Ce in JLk-1) occasionally showed divergent compositions from the recommended
values. Thus, when the rocks are different types from the standard samples used for
creating calibration lines, the accuracy of their analyses would not be enough. On the
basis of the results above, we practically defined the determination limit of the
calibration lines as shown in Table 16.

In the analysis using powder pellets, we cannot ignore the grain-size and mineral
effects for analyses. However, the calculation of the effects was only valid for the
standard samples for creating the calibration lines, and thus we cannot apply REE(GIS)
for different type of rocks from the standard samples. To enhance the accuracy of

analysis using powder pellets, we should create specific calibration lines for each rock

types.
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