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44.5 mm .(N(*�7
�:(%
	�*A �'+E��T?4+	 �?WR-�'��
�*� ��XPL)�3�A:�
41.5 mm.( 
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��!E�+E �
*�7 - U'���Y :�H >-�95�%�
q(%��AU�-�9M�%��
(��*� :�H�*+2 (% I3? :�H�/!�9'�%�6 ��*� ?��2�"4! "�%� >�$� f+	 �2 �  4�%.

)+ F�;U'���Y EDX"�*7 (% �
(��*� ���  ��*� :4'8*9'�%�6 ?��2�.
Elt Line Int W% A% Formula Ox% Cat# 
O }~/|� ~y/�� vv/v vv/v
P Ka ~/�z| }|/x| y|/x� P2O5 x~/|w wz/v

Ca Ka �/{� wx/v wx/v CaO |z/x v{/v
La La y/w� w|/{ �w/x La2O3 w~/� xv/v
Ce La x/y�y ~|/|y �~/� Ce2O3 ~y/|} ~v/v
Nd La |/|w~ vy/|x }w/{ Nd2O3 {y/|~ y{/v
Sm La �/z| }{/� }z/x Sm2O3 zy/} xx/v
Th Ma w/�y {v/| ~y/v ThO2 z~/| vy/v

vv/xvv vv/xvv vv/xvv v|/|
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F�)+DU'���Y EDX��*=� �� �'7�AY ���  (% �?��2 ��*� :�H.
Elt Line Int W% A% Formula Ox% Cat# 
O wz/yw zx/{w vv/v vv/v
F Ka }/xx �x/x vy/| F0 �x/x z{/v
P Ka }/xyxz �z/xz ~y/x~ P2O5 }w/~| vy/�

Ca Ka {/|||v }~/yw }y/|y CaO �v/{{ w|/w
vv/xvv vv/xvv vv/xvv vv/xvv 
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��!G�+E ��-�9M�% �!(%��A U
� �
*�7 - U'���Y :�H �'7�AY �*+2 (% �/! :�H I3?�9'�%�6 ��*� �?��2.

!�"#� ���� ����& �
�9�
���Y s'�HU:!*8V '='��
+K% �K�3, �=R -'�C�*=� N� �CH:

"�*C7 I3?:�%�6 '8*9 C'4:<-4CD �� >�C;*� �"4C�Y %4C� .�C2
:�*0 � � '>%USiO2�%�6 ��'8*9'�H4:���3� :C?��2 ��*� �
Z�CCC2)��/�� �CCC7 ��/��CCCK�� CCC�(- 4�(�"�*CCC2->%UCCC'� 

Al2O3�Fe2O3*�CaO �MgO -MnO �?% &'
�A .&'3X=H
 ]'�*C �
( - ]'�C�%�9?% �]
4C'2-� �]
��C2 SCb� �2�C'=  �K�3,

�3�%�:Q%�''^7 "��9�6%:4��%� .�4C�% >%U'�CaO, TiO2,

Fe2O3, MgO -MnO���  &'
�A >%U'� �#��'2 - L'	�� :�H 
>Y �4�% f�� 4C3
Y�	 �� �H %4CD
f�C?% .^7 4C�-� C'' �� Q%�

�H�%�*=�:�%-%�	 fH�R �R��H ��CK�3, Al2O3�FeO�MgO 
�MnO f
%U	% -Na2O�C2 �/�� %UC	% 
C? f'+'>�$C� %� �

�� �� �  4H� Y�	 (% �C!�� 4C�%*7
4C3 %4CD
f4C!�2 .fH�CR
MgO, MnO���C2 4C�%*7��C'>Y UCR�=7 S��CR �� �CH��CH:

3�'U
�-% Se%�� �� &C'�:C+/7 ^7 - �* C'' Q%�P�C'�C2 UC?-'�+
7�AY'� <�93R ���*! .�H�%�*=� ��:^7''C,�	 �CK�3, Q%��-
=R'N��2 �/�� SiO2)SMC!�(C�%-%�	��CR% '4P2O5�C2 %� 

�%-%�	 fH�R �*, �� - �/b� 4�-���K�3, Y, Sm, Rb, Co, 

Gd,Th, Tb,Tm,U,Yb,  �Eu� >�$� %� �4H�)S5!�.(%
&
^7''�2 �H4�-� �%�	 
�H43:%4D
f�*+2 
� "�%� �/�� &��*!.

� ��CC= �%�*�
�CC'+E �'+'CC? �CC2%�2 �� �CCH ]��[�CC�*=� :�CCH
 "�9�6 �� >�;*� SA 4'8*9'�%�6 �� �%�E �'�%�6 :4��'6)S5C!

�@��%.("�� �2 �32�'�%�6 �
�'='!*8V :432 �?*7 �R �H]�� [ 
I3CC? &CC
% �4CC! �CC8%�% �%�*CC=� �� �CCHSiO2�CC2%�2 �� FeOtot 

/(FeOtot+MgO))SMCC!�@N("�9�CC6 �� �%�CCE &
UCC'3� :
�� 4��'6 .I3? ad�C! �Cc� (% �C?��2 ��*� :�HMALI �� 

"�9�6 L'�C+  �L'�C+  :@�
�C'+E - �
�C'+E@�%�CE L'�C+ 
�CC� 4CC��'6]�� [)S5CC!�@�.(:Z�CC2 >%UCC'� &'CC3X=H

A/CNK)�/�@�/�()-4C��  �2 "%�=H *'7�C��*�)wt% y�}/~@
|x/x(>�$� "43H� I3C? &C
% G*C'3'�*�Y�A �'H�� :�C?�H

)SM!@�@Q.(- I3C? �� >%-%�	 �
*5�� �2 �D*7 �2 &
%�2�32
 "�� �C2 �C32 >�;*� SA �'�%�6 �G*'3'�*�Y�A �'H�� :4C32]��[

�'�%�6 L
MPG"�� �2�32 -:432 ]�� [ o*� (%PLGS �C?% 
>�$� �R "43H� �9C?*A "4C3H� S'M$7 :Z�2 �
���� :C2 :% :%�

 >Y S'M$7 �2 �?�H N*?� N-[ (% "4�(�? :�=6�� �R :�*0 �CH
�9?*A ��"��E :"4! SK�e :% �?% ]������� .[ �'H�� �9/�% 

AP



���	 �
��,>�'��/! �3D-�2 >�
�-%� �:��MH� �?�3!�*+2 �+_�>%�
% �?�3! ���R - ���

F�)+E�9�
U_7 s
�:!'='��
���Y (% SK�e 'UICP-MS -ICP-AES ��*=� �H:?��2 ��*� �9'�%�6 �)�R%'`�e �2 �H4%Wt �? -
�K�3, �
`�e �2ppm439�H (.

Sample AT-1 AT-5 AT-3 AT-6  Sample AT-1 AT-5 AT-3 AT-6 
SiO2 72/94 77/16 75/74 77/94  Cs 8/6 3/9 2/8 1/0 
TiO2 0/07 0/13 0/21 0/15  Ba 1684 289 1667 4231 

Al2O3 13/43 11/35 12/75 11/70  Pb 28/8 10/7 91/2 11/2 
Fe2O3 1/65 1/21 0/64 0/92  Hf 3/9 4/1 6/0 4/9 
MnO 0/06 <0/01 <0/01 <0/01  Ta 1/1 1/0 1/1 0/9 
MgO 2/53 1/57 0/21 0/87  W 1/4 1/6 2/3 3/2 
CaO 1/45 0/29 0/16 0/33  U 5/4 2/0 2/4 2/1 

Na2O 1/33 4/19 2/03 3/37  Th 20/8 11/3 15/6 13/3 
K2O 3/96 2/80 6/86 3/12  La 32/2 23/1 41/2 24/7 
P2O5 0/02 0/13 0/10 0/16  Ce 85/2 52/1 87/4 54/1 
LOI 2/3 1/1 1/0 0/9  Pr 9/19 6/25 10/15 6/71 
Be 3 2 2 3 Nd 37/6 23/9 39/8 25/4 
Sc 8 2 3 2 Sm 10/36 6/44 8/73 6/50 
Cr 26/5 72/9 139 113  Eu 0/17 0/69 1/07 0/67 
Co 1/1 0/7 0/6 0/4  Gd 11/58 6/80 8/87 6/71 
Ni 7/4 8/3 20/3 9/7  Tb 2/02 1/14 1/49 1/18 
Cu 6/9 2/4 7/2 3/3  Dy 12/44 5/52 8/58 6/40 
Zn 99 32 138 23  Ho 2/60 0/84 1/73 0/96 
Ga 18/0 12/1 15/1 15/9  Er 7/20 1/60 4/39 2/00 
Rb 183/8 98/2 144/8 58/7  Tm 1/13 0/17 0/57 0/20 
Sr 94/7 38/8 90/5 176/5  Yb 7/14 0/78 3/50 0/98 
Y 63/9 23/5 47/1 28/9  Lu 1/01 0/08 0/46 0/12 
Zr 83/0 108/6 180/6 133/5  Na2+K2O 5/29 6/99 8/89 6/49 
Nb 10/7 12/8 14/1 12/8  CaO/Na2O 1/09 0/07 0/08 0/10 
Sn 5 4 5 4 K2O/Na2O 2/98 0/67 3/38 0/93 

L.O.I. = Loss-on-ignition; Fe2O3* = as Fe total 

��!HE*�'��*=� �. �H:��*� ?��2�-�:^7 �%�*=� ''+K% �K�3, Q%���2 �/�� SiO2.
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��!IE*�'��*=� �.B�H:?��2 ��*� �-��2 :^7 �%�*=� ''=R �K�3, Q%�'N��2 �/��SiO2.

�'�%�6 &
% "4! "4H�$� G*3'�*�Y�A :Z�C2 �
��C�� �C2 �H
 �C2 �CM+2 �?% "4$� "�%� �/�� &'�*�Y &'
�CA :%*C9J� SC'��

wt.%) ��/�@��/�(Na2OCC2 -�"�CC
-wt.%) ~{/x@vx/v(
CaO �?% ]�� .[��*=� �%�*=� �� �?��2 ��*� :�H]��[FM  

���3� �� �%�*C=� �� - ��!��$	 :SiO2�C2%�2 �� K2O]��[
I3? -�=+E �� �MHY :�H@�C?*9� ]'C?�9A �
�'+E @�%�CE Z�C2

�� 4��'6)S5!�@B�i .(
CC'�%�6�CC?��2 ��*CC� :�CCH�:%�%� Rb Z�CC2 t�9/�CC� )ppm

�/���@�/�� (-Sr &'
�A )ppm�/���@�/�� (�?% .o*C=_�
 �
����REE (% �/�� �7 �/�� �C� �C''^7 �C2 �%�*C=� �� - 4C3 

 �3; �
�43  �2 "4! ��_3H 4!"(%LREE �C2 �/�� HREE 
CC� "4H�$C���*CC!)S5CC!�@�CC�%.(]�� ["�%� >�$CC�4CC�% �CCR

 C3;�64C!�(C
(% ��LREE Z�C2 �/�C� -:LREE/HREE 

M�- (% 
C6���CH:9C!�?�"(%4C6 :I3C? (% "4C! p9$C� 

+A����'9��?% .C2���C_3H:�C\3� )��/�@��/�=(Eu/Eu* 
Eu �� (% (W *
VWA B-�d �_'9� 4�%*7 "�#9C?�d �C=6�� �CO% ��
%4D
f�� "4��='E�2 ��T?4+	 �
 - &
�*+2 "�#9?�d 4!�2 ]�.[

*=� ��R�CCd �CCK�3,�%�����CC� �CC2 �/�CC� "4CC! ��CC_3H �CC2 
�9$A �H:�'E% >�'C?*���)ORG(]|z[�C3;�64C!�2C'�9$

 o�.! �2 �K�3,
�*�� Q�4E - Z�2 '8�CA >%4'&)LILE ( �/�C�
 � Q�4E �2 �K�3, �2'Z�2 >%4)HFSE ( 3; �R�64!��C9=R :

�2 4��%�'�?% �*�$� ��)S5!�@N.(�	'�C�*=� >�*2 ��CH:
#3CC?��CCK�3, (% HFSCC! -'CC\3� `����$CC� (% �H4CC�-� �CCH:
H��'MHY ��+E'��
�C=6�� >�*C2 :"4�(�C? :�%�6 '8*9 C'�H4:

?��2 ��*��N-[ (% SK�e - �?% 64!�I3C? (% lUD �2 lUD 
����meta sedimentary)N*?��H:"4C! >*C6�6� (�C?% 

]��.[2 �%�*=� �� �9!*6 �2 "4! ��_3�:�C'�-% )S5C!�@�(�
���'�%�6 C2 >�;*� SA :�H���C_3H:�C\3� Nb �Sr �P�Ti -
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Eu >�$� "43H�:%4D�
�(W *
VWA Sb� �+K% &
�*+2 :�H(�	 
l��2% �
 - & �
( - �'7�AY ��
(��*� Sb� �,�	 :�H(�	 - �'7*'2

 �� �H >Y"�#9?�d439�H ]�� .[�3; �64C!Rb �Th-U�C2 
"%�=HKI3? &
% �  �?% &
% �#��'2 �H(%"�#9C?�d �9C?*A :%

"4! SK�e 4�% ]��.[
-
6���H:�C3; SCb� >�C;*� �C'�%�6 �
�'='!*8V �64C!

LILE ��7 -(% �64C!HFSE �C� N-[ ��C.� 4C�%*7 �64C!
%4D
$�L
"�#9?�d�/! 4!�2 �2*?� .

C�	�9��
"�*7:�%�6 '8*9'4:-�e >�;*� :2'7*'*M�� - �
�)��R��H:

�*�Y (% ��!�?'3')*(�C	 ��C?% >%-%SiO2Z�C2)C2'(% f��(%�

Z�2 �/��:K2O/Na2O��C�� �
Z�C2 �:Rb )-4C��  �*'7�C��*� 
�Z*� �/�� �Z�2 A/CNK>1 8�CA �/�C� �2'&Nb/Th 8�CA �'&

*9J� >�*2%:Sr �g -
#�� `�8�A '��*=� &% �H
&�C,�% �CR %� 
�=6��:M$7 '"43H� S:�9C?*A �%*C� (% >�C;*� "�*7 %:�C
�$

% �9	�6�?� Q�/O% �2 �4��?� .�%�6'��H:C?��2 ��*� ��CJ7 
ZY �'O�7
�9?*A f"4! 1E%- :% 4�% .��3r SMC! �� �5)�@�C�% (

�
� "4���*! I3? C?��2 ��*� :�H�C?�9A �'O�C7 �CJ7 ']@
7�T?4+	�>4! �9	�6 �%�E 4�% .2���C_3H:�C\3� Eu �%4C�� -
&'
�ASr >�;*� SA �
�5'� -� �'�%�6 �� �"%�C=H �H4C�-� �C2 :
SM!���%("�#9?�d �� >�$� %� (W *
VWA (% �'�	 4H�]��@
��[�E�2 �2 �+'�� 4
�! �  �� (W *
VWA >4���"�#9?�d4!�2 .

��!JK��("�� I3? �
�'='!*8V :432 o*=_� �%�*=� (% "��\9?% �2 :[*\� :�HNa2O + K2O�2 �/��Sio2]��[N(�%�*=� SiO2�/��
 �2FeOtot/(FeOtot + MgO -�(��*=� �'.E*� �%�*=� �� �H SiO2�C2 �/��Na2O + K2O-CaO -Q(�CD�� &'C'.7 )*C'3'�*�Y (% o�/C!% :

I3?>�;*� :4'8*9'�%�6 :�H �%�*=� �� ASI�2 �/��A/NK ]��.[i(C=� �� �C?��2 ��*C� :�H4C'8*9'�%�6 �
�=6�� :�? &''.7 �%�*AFM 

]|{.[B(��*=� �%�*=� �� �HSiO2�2 �/�� K2O]��[I3? -�=+E �� �?*9� ]'?�9A �
�'+E �MHY :�H@�� �%�E Z�2 4��'6.
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��!L*#�% :=R �K�3, '��*=� N� �H:?��2 ��*� ��2 �/�� "4! ��_3�2 ���% (�43R
�]��[.N(�9$A ��%(�2 �CH:�C'E% >�'*�� C?�]��[�(
�9!*6:�-% '�]��[.

�/!M��% (�%�*=�Ba �2 �/�� Sr 4�-� �aOP7 '6�*�Y ��?- �2 '�+:?�9A ']@7�T?4+	 �>4! 4�-� -bOP7 '�*+/7 �%4D
$�VWA 
>�$C� %� (WR*
��4H� .�H4�-�:VWA �2 �*2�� 
(WR*)Pl ( ?�9A Q�T?4+	 �']�%�)Kfs ( 2 -'7*'�)Bt (^7''7%���2 �R %� ?-'% �+
��R &�� <�93R �H�>�$� %� �*!
��43H�]�� .[N(�%�*=�Rb/Sr �2%�2 �� Rb/Ba . ���� �dr'�%�6 &'��H:�
�9	�6 �$ I3? (% "�#9?�d3;�G� (% @�	'VWA (% �
(% %� (WR*

�%�6'��H:�
�9	�6 �$ I3? (% "�#9?�d 3; �VWA (% 
(WR*@�	'� %4D G� (% ��4C3R]��.[ � �%�*C=� (Sr �C2 �/�C� Rb %�C2 :�%�6 C'��CH:
�-�'8�M�@�*�Y�A '>�;*� G*3]�[.
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 N-[ SCK�e G*C'3'�*�Y�A �C9'�%�6 :�C=6�� &'C3r &
%�2�32
 N*C?� �$�2 (W *C
VWA (% �C'�	 - G� (% �C3; �C9'+A :�CH

439�H."(%46 - G� (% �C3; "�#9C?�d �C2 G*C'3'�*�Y�A :�CH
 WR*
VWA (% �'�	 ()(% �9=R�4K�� ("(%4C6 �2 �/�� 4C'�*7 :

(WR*
VWA (% �3; - G� (% �'�	 "�#9?�d (% "4!)(% �9$C'2��
4K�� (&'8�CA �/�C� �C2 SC
�=7CaO/Na2O)(% �C9=R�/�(
4��%� ."(%4C6 �� �/�� &
% �G�?% &
% �2 (% "4C! p9$C� :�CH
I3? (% �9=R �9'+A :�H�/�"(%46 �� -�C9	�6 �$C
� :�CH(%

I3CC?�CCH:�6CC
R*�2CC' (% �9$�/��CC?% ]����� .[ �/�CC�
CaO/Na2O��*=� �� �H:���3� :?��2 ��*� �(% �C9=R �/�
9� �� - "�*2'+A >�C!���� I3? ��_'C9��C?% )SMC!�@N.(

�/��Rb/Sr (<5)"�*7 �� :�%�6 '9�2 �R��$� >�;*� '7*'�
�*7 <*0 �� %�'4"(%46 � >�$� �4H�]�[)S5!�@�.(2�D*7 �

>%U'� �  &
% �2K/Rb �'�%�6 �� ?��2 ��*� :�H��C?% ]C  
"4C��='E�2 �� �'7*'2:�E�C2 �$C�2 N-[ �C?% "4C���]��.[

�'�%�6 �C'�%�6*5
*� "�%*��Cd (% �8UD �  �
�5'� -� :�H :�CH
 G*'3'�*�Y�A)PLSG ( �� N*�J� �9?*A N-[ SK�e �4�*!-

:- a��d %4CD
f439�CH &
�*C+2 .N-[ �64C! 7%�4C'H��
�
-*5�� (% �3; �'+A�9��tZ�=9e% �64C�YZ�2 �C0 C2�-��� -

�2 �9?*A �
%UH*  >4! ��$	:"4! ]'�g �C?- �2 '�C!�2 �+
 :�H��9d�CC? �CC
 �9CC?*A >4CC! "4CC�%�-�:��CC57��Y `/CC? 

I3?�%42Y �� �9?*A :�H *!�]��@��.[:�CH�%�*=� G�C?% �2 
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