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Quantitative chemical analyses of rocks with X-ray fluorescence analyzer:

major and trace elements in ultrabasic rocks

Kimiko Seno and Yoichi Motoyoshi�
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Abstract: Analytical procedures for major and trace elements (SiO,, TiO,, Al,O-,

Fe,O-, MnO, MgO, CaO, Na,O, K,O, P,O/, Ba, Co, Cr, Cu, Nb, Ni, Rb, Sr, V, Y, Zn,

Zr) in ultrabasic rocks by means of an X-ray fluorescnece analyzer RIGAKU RIX-***
at the National Institute of Polar Research are summarized. Because ultrabasic rocks

are generally characterized by relatively low SiO,, high MgO and FeO, and extremely

high concentration of Cr, Ni and Co, we newly draw calibration curves by synthesizing

standard samples. These standards were prepared by mixing preexisting geochemical

standards, chemical reagents and standard solutions for atomic absorption analysis in

order to cover the possible chemical compositions of natural ultrabasic rocks. For the

elemental analyses, glass beads were prepared from powder samples that were diluted

two times by Spectroflux No. +**B (2*� LiBO,),*� Li,B.O1). The matrix correc-

tion method and the peak-over-back method were adopted for the measurements of

major elements and trace elements, respectively.
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*+,-' SiO,, TiO,, Al,O-, Fe,O-, MnO, MgO, CaO, Na,O, K,O, P,O/ .&%�� /0�

Fe,O- 123'445 � H,O
64H,O
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;*+ @Ba, Co, Cr, Cu, Nb, Ni, Rb, Sr, V, Y, Zn, ZrA  .&%�� ������ !"#$
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 @JA-+LMA  .&%5NO,-' @" -A� PQR JP-+4 JG-+aS +: +�J�T�U

�� JP-+4 JG-+a� *.3*** gVWXY,Z[ Y;�� C� ,: +�U��� JP-+� +.,*** g

4 JG-+a� *.0*** gY;�� \],-' Spectroflux No. +**B -.0*** g,^_���

,.-. ����

Cr4Ni�`Wabcd���ef�� Xg�hijkl�mn opqrs Cr4Ni

�tu;�Hv�%� 	w .&%�� SiO,, Al,O-xryhijkl zqtC$' Fe,O-,

MgO�{y|}G 	w�;�Hv� ~$��	
�� AU-+�AU-04�% 0�����

@" .A� HI���� Cr, Ni��ef���������,����� Y;�%��:�

SiO,, Al,O-, Fe,O-, MgO�	w�VWXY,Y;����G 	
:\]S +: , L'rs 

Spectroflux No. +**B,^_���

� + >F	wxry`Wabcd���ef
Table +. List of chemical reagents and standard solutions for atomic absorption analysis.
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Johnson�Matthey���� Spectroflux No. +**B�� 32*�C� ,*�� ���� ���� !

�"#$%&'()*� +,- �+33/� �./(012 ./*�C�3456� .��789:

;< =� >?@�A�6�BC� D

EFGH�IJ%&'� +,**�C�K�LMN(� OP$�
QR�STUVWXUYZ

�IJ%&'Q[\MUTQ]^;<M_� ���� #$%&'()*2 32*�C(`a�

� - bcd�ef� ghXijklGH�mnGH
Table -. Compositions of synthetic samples prepared by mixing geochemical standard samples.

� . opj(qn� rst$EqnGH
Table .. Artificially synthesized samples of ultrabasic composition.
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bcMk±8².K3L�³´eEY�� JP-+./� JP-+:�L�	 GJGb-+, JGb-,, JH-+Hµ
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��� +������ 	
� TiO,, Al,O-, Fe,O-, CaO, Na,O, K,O, P,O/� ,��
�����

����������� +����

� / ������� 
Table /. Measuring conditions for each element.

� 0 !"# +: ,�$%&'()*+�,������-./01&2345
Table 0. Theoretical matrix correction constants for +: , diluted glass beads.
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Fig. +. Calibration curves for major elements based on the theoretical matrix correction method.

� : Uncorrected value, � : Corrected value based on the theoretical matrix correction,

R: Correlation coe$cient

"# X�$%&'()*+,�-�./$%: 0123+ 105



..,. ����

������ Cr, Ni����	�
��
����� SiO,�Al,O-�Fe,O-�MgO���

�������� 0�� SiO,����� !"� +�� JG-+, JG-,, JG--, JR-+, JR-,, JA-+,

JB-+, JB-,, JB--, JGb-+, JF-+, JF-,, JP-+���"� +-�� JP-+:#���"� $JG-+a, JR--,

JA-+, JB-+a, JB--, JGb-+, JGb-,, JH-+%&+: +�'()*(+���� 2�� JP-+:#���"

� $JG-+a, JR--, JA-+, JB-+a%&,: +�'()*(+���� .�� , -,��-�.�"��

��+�/-�.�	0�
1� $+330% �2�� peak-over-back�
)34�/�5�67

!)�89:;<�=9!>�? @;<)'A���B4CD:E9!FGH�IJKA

�
)LA/ MNO	0PQ�
1 $+330% �,R�
)S�� $,**,% �TU+�V�W

�+�/ X ,�Y�5���Z[�-�.>�\�MNO	0PQ�]K/

Ni� Cr�>�\�^�5AB_�� `("� AU-+�� AU-0� 0"���a"��2

��-�.b�cd9:+�/ Zr-Ka� Sr-Ka�Fe!:f)MNO	0�KA ZrZ[�-

�.�ggh�ij	k�5�	� l�#�Z[�i
C��mN-�.�N4�/

/. �noH�pq
JP-+rBstu\Ev�w =x7y������"��z�Z[{UoH��|�� 1

�]K/ �����)� Cr, Ni�z}��+C~�5A��	�
	���Z[{U� ppm

�7�7)BO0�NV	Y�5A�)��)���Z[�+C~4C
A/ z�Z[�i


C�� S�� $,**,% )��+���� +: /��
rBs������}+���� +: ,

��
���mNoH	Y�5�/

X +rBs ,�-�.��
C JP-+� JP-+: JB-+a&+: +, JP-+: JG-+a&,: +�*("�� -

"���
CU��34�/ z�Z[��nV�i
C�� K�C��� (, +**����

��5C
A/ � 2�]KB_��
���]+�/ ���� CrrBsNi��+C-�.

����}��������+����� ������NirBs Cr�V�-�.����

��cd9:�5AB_�N4�/ �5�BO2���F�7@)������z����

Z[�2 {U	¡��N4�/

�5������� ��"�2¢�*(�£�"�� S�� $,**,% )�}+���"�

�¤¥¦§���������"�� ����+�¨��"��¤¥¦§�������


�"���
5h� ©ªN�}��a�i
C�«<��
U��n	¡��NA�p��

5A/

� �

¬��­�­�� ®!"#¢��� tu\Ev�w =x7y�v � ��¯°+C


��
�/ �±�­�­��a²³´#¢��$µf¶·�¸¹5�
�i
C� º»�

S�¼!¥�
1%�106



� , Peak-over-back��������	
���

 : Peak-over-back��
�� � : ������ R: ����

Fig. ,. Calibration curves for trace elements based on the peak-over-back correction method.


 : Peak-over-back value, � : Synthetic standard sample, R: Correlation coe$cient
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� 1 ��������	 JP-+
��
�������������� �A, C, D, E, F; ������
�� !"#$%
&'

Table 1. Comparison of analyses for geochemical standard sample JP-+ and peridotites from

Kimberley, South Africa (A, C, D, E, F; unpublished data).

� 2 "#()��	�� !*+&'
Table 2. Comparison of analyses for geochemical standard sample JP-+

and mixed standards samples.
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