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SiO2(%wt) ST/SQ |Q/S| Qh/XQ hX/Og T/PX OO/PX |/OQ Sh/Xg OT |S/S|
TiO2 Sh/W S|/W gS/W Q g/Q TO/W Q gh/W OS/W WO/Q
Al2O3 P/Qg hh/QQ gS/Q| gX/QS SO/QO gX/QO PO/QO Wh/QP gX/Qg PP/Q|
Fe2O3 |h/Qg Oh/QQ WQ/g PQ/QW WX/QQ Sh/T Oh/X hh/Q X|/h gO/T
MnO gT/W Qh/W W|/W WO/W g/W Q/W QO/W W|/W gX/W QQ/W
MgO QP/W QP/W SX/W Wh/T X|/h PS/X |X/P Xh/W hX/QQ QS/Q
CaO |T/| S/| |T/g h|/W QX/QQ PS/P T/S PX/g SX/W S/|
K2O S/W Wh/Q Qg/O OO/T QS/W |X/S SX/S SO/Q O|/Q W|/|
Na2O OP/S WT/S Th/g QS/W WQ/| g/W SP/W O|/O gg/W SQ/P
P2O5 Q/W WT/W WO/W Qg/W Q/W QQ/W WX/W WP/W W|/W gT/W

�)�7 +)��)(LOI gO/W SQ/W OX/Q XX/g S/Q TO/T ST/X SO/Q SO/O OT/g
9���� O/hT |h/hh O|/hh OP/QWQ XT/QWQ hS/hh Th/QWQ gT/QWQ hP/QWW Oh/QWQ
Cr(ppm) gO || O| |PQ |ST gOX OQ P| SW PX
Co O/P h/| h/Q P/|O Q/PO S/OT T/QS h/Q �/�� {/�
Ni h/Q h/Q X/P O/QS S/QST X/QWg P/QW Q/P g/SQ S/S
Rb O/Q| O/Qg QgT Q/gQg X/| X/TQ hO P| T/OQ O/SS
Sr |/QgS O/QPW g/QOh |/ghO QT| |/SQ X/QhS O/ggg O/|Q S/QhQ
Cs hX/W g|/W hQ/W O|/X O|/W TS/Q WT/Q Q/Q W|/Q QP/Q
Ba g/|Sh h/OWW T/XhO P/QgXT P/ST g/QTO Q/QggQ h/|OX Q/ggT X/XWg
V QW< QW< gQ gOP gQO QOT Q|T gP Q|T OP
Ta h/g P T/W P/W O/W O/W P/W h/W X/W |/Q
Nb g/OX T/SQ T/h T/P P/| |/O g/P T/T X/X Q/gQ
Zr QQhP QS|O QPQ QWW OQ hg XQ Q|h QPS ||P
Hf P/|g T/PO O/O O/g h/Q O/g S/g P/O X/P QQ
Th QP/T PX/Qg WX/QW hO/W ||/W Sh/g gX/g OX/QQ hX/X P|/Qg
U Qg/g hS/g Qh/X PP/W QQ/W hg/W OQ/Q hQ/O Wg/P SO/|
Ga Q/|T PW X/QO Q/QO |/QP h/QS X/QP g/QX S/|W h/gh
Y P/QOW |/gWX |/gh Q/gg g/gg X/gQ P/gP h/gS X/Qg h/SP
La |/Ph TS P/gO g/QQ P g/|h Q/gQ h/gg X g/P|
Ce g/Qgg Q/QTT O/OO T/gW g/QW P/XO S/OX Q/PX h/Qg T/hW
Pr QS/QT TS/gO PX/S PX/g SP/Q WS/h XS/X PT/O {/� �{/��
Nd Tg Q/QQQ O/g| g/QW O/T P/|X |/gh S/Qh O/O P/PX
Sm Wh/gg h|/gT S/P TX/g XP/g TT/X SX/O QO/P |S/Q Th/QW
Eu P|/P OP/O XT/W hQ/W Q|/Q OS/Q Q|/g Xg/W PS/W hT/Q
Gd PP/g| XT/|Q Oh/P QS/| |P/| TS/S |S/O hP/| Ph/Q |g/QQ
Tb |O/P hQ/O XO/W Oh/W S|/W hg/W XT/W SO/W gX/W hS/Q
Dy hS/gT XT/|T TO/P gQ/P g|/P TT/P Tg/P gh/P hT/Q hh/QQ
Ho Qh/S PT/T W|/Q h/W Th/W TT/W hT/W hg/W PS/W O/g
Er QT/Qh OO/gS Qh/| OQ/g Sh/g O|/g XO/g QQ/| Oh/Q Sg/X
Tm hO/g TX/| O/W |T/W |h/W |S/W PQ/W PT/W gX/W QP/Q
Yb XT/gW PS/gO gP/| PX/g |h/g WP/g |T/g g/| TQ/Q g|/X
Lu 

|Q/| TP/| PX/W |S/W |S/W gT/W |S/W Ph/W |/W WO/Q

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
4.

90
9 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

98
.2

7.
4.

12
.1

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

02
 ]

 

                             2 / 16

http://dx.doi.org/10.29252/ijcm.27.4.909
https://dor.isc.ac/dor/20.1001.1.17263689.1398.27.4.12.1
http://ijcm.ir/article-1-1372-fa.html


*(C��!��5- �z�����0 ��y�����@ .� 1 �5/- ./�0 ����,-G,� �N,�'> % �N,�=�:. . .���

&��4:-0$� %9
� �
9N> u
����G,� �� 4'8/B�E ���@ =���`�� 4'� 	 �8��U� 1 ��1 �+�$ ��
�'
�'�$ 2 =�:.
����� H.4 H.5 H.6 H.13 H.14 H.15 H.21 H.22 H.23 H.24 H.25 H.26 

SiO2 g|/Ph hQ/PO XO/PP Sh/PX QT/PO |g/PO g|/PS QP/PT |S/PT WT/PO T|/PX SO/PX
TiO2 SS/W WW/Q |X/Q XT/W TQ/W WW/Q gO/Q S|/W |T/Q P|/Q TX/W hP/W
Al2O3 X|/g hO/P QO/O hT/| WT/O QW/O QX/O |X/P TW/P hP/O XT/P WX/O
FeO OX/gX  WX/gT  OO/gT  OP/gO  Xh/gS  |S/gO  |h/gS  |P/gX  Sg/gS  OW/gS  |X/gS  hQ/gS  
MnO gh/W PQ/W |P/W gS/W |T/W |S/W gS/W |Q/W |T/W g|/W ||/W |X/W
MgO |X/S XQ/O PW/O hX/O QP/S SO/S OP/S hg/O WP/S |S/S |X/S XQ/O
CaO Oh/QW PT/h TO/h O|/QW XP/h TQ/h TO/h Og/QW XX/QW Pg/QW QS/h T|/QW
Na2O hS/W PT/g |Q/g |S/Q QQ/g gT/g PT/g Og/Q OX/W O|/Q PQ/g P|/Q
K2O OS/W XX/W hS/W X|/W Xh/W Xh/W XQ/W Tg/W TX/W XX/W XO/W XW/W
Cr2O3 WW/W W|/W WW/W W|/W WW/W WQ/W WQ/W WW/W WW/W WW/W WQ/W W,WW 
9���� hS/hT  TQ/hT  ST/hT  TX/hS  Wg/hX  ST/hS  Th/hT  OX/hh  Xh/hh  gS/hT  TT/hT  SQ/hh  
Si PS/X W|/X hg/S P|/X Wg/X WO/X WO/X |W/X gS/X hW/S g|/X g|/X
Al IV Ph/W Th/W hP/W OX/W h|/W hP/W h|/W XW/W XP/W WX/Q XX/W ��/�
Fe 3+ WO/W WX/W QP/W WW/W WO/W WQ/W W|/W WW/W WW/W W|/W WW/W ��/�
9����T WW/T WW/T WW/T WW/T WW/T WW/T WW/T WW/T WW/T WW/T WW/T WW/T

Al VI WW/W WW/W WW/W QS/W WW/W WW/W WW/W WT/W QQ/W WW/W Wh/W QP/W
Ti WT/W Qg/W QS/W Wh/W Wh/W Qg/W QP/W WX/W QS/W QS/W QW/W QQ/W
Fe 3+ OO/W X|/W SQ/W QS/W XO/W Oh/W OT/W PO/W O|/W XS/W SS/W |P/W
Mg PP/Q |W/Q gP/Q |h/Q Pg/Q OP/Q Ph/Q |P/Q |O/W PO/Q PP/Q gh/Q
Fe 2+ Th/g Xh/g hP/g QX/| ST/g XW/g XS/g Wg/| TQ/g SW/g SX/g WT/|
Mn WP/W WO/W WP/W W|/W WO/W WO/W W|/W WP/W WO/W W|/W WP/W WO/W
9����C WW/O WW/O WW/O WW/O WW/O WW/O WW/O WW/O WW/O WW/O WW/O WW/O

Ca Xg/Q OS/Q S|/Q XS/Q Sg/Q SP/Q SQ/Q XQ/Q X|/Q XQ/Q PT/Q XS/Q
Na gT/W PP/W |X/W gP/W |T/W |S/W |h/W gh/W QX/W Wgh/W Og/W gP/W
9����B WW/g WW/g WW/g WW/g WW/g WW/g WW/g WW/g hW/Q WW/g WW/g WW/g

Na WW/W gh/W |g/W QX/W gS/W |g/W |P/W QS/W WW/W QS/W Qh/W QT/W
K QQ/W QO/W Qh/W QO/W QS/W QS/W QP/W QS/W QX/W QO/W QP/W QP/W
9����A QQ/W PP/W OQ/W |Q/W PQ/W PT/W PT/W |g/W QX/W |Q/W ||/W |g/W
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SiO2 SQ/SS |Q/SX SS/SX OW/SX Oh/SP TP/SS gg/SX P|/S| gO/SP QQ/SP
TiO2 WQ/W WQ/W WW/W WW/W WW/W WQ/W WQ/W WQ/W WW/W WW/W
Al2O3 |g/Qh Xh/Qh Xh/Qh XO/Qh QS/QT XP/Qh gW/gW |T/Qh W|/Qh O|/QT
FeO WS/W Wh/W QW/W Qg/W WQ/W QW/W ||/W WQ/W WW/W WW/W
MnO WW/W WW/W WW/W WW/W WW/W WQ/W WW/W WW/W WW/W WW/W
MgO WQ/W WW/W WW/W WW/W WQ/W WW/W WW/W WW/W WQ/W WQ/W
CaO TX/W Og/W OP/W PO/W WW/W |T/W gh/W OQ/W ||/W |O/W
Na2O hT/QW |Q/QQ XX/QW gO/Qg QT/W Sh/QQ QS/Qg SS/W Pg/W g|/W
K2O WO/W gT/W QW/W WS/W |P/QS WP/W QQ/W hS/QP Xh/QO WO/QO
Cr2O3 WQ/W Wg/W WQ/W WQ/W WQ/W WW/W WQ/ WW/W WW/W WW/W
9���� hg/hX ||/hh hX/hT QP/QWW |W/hh TQ/hT ||/QWW hS/hT T|/hh gT/hT
Si hT/g hX/g WQ/| h|/g WQ/| hO/g hg/g hX/g hX/g Wg/|
Ti WW/W WW/W WW/W WW/W WW/W WW/W WW/W WW/W WW/W WW/W
Al Wg/Q W|/Q W|/Q WQ/W WW/Q W|/Q W|/Q WS/W WP/Q W|/Q
Fe2+ WW/W WW/W WW/W WW/W WW/W WW/W WW/W WW/W WW/W WW/W
Mn WW/W WW/W WW/W WW/W WW/W WW/W WW/W WW/W WW/W WW/W
Mg WW/W WW/W WW/W WW/W WW/W WW/W WW/W WW/W WW/W WW/W
Ca WP/W Wg/W W|/W Wg/W WW/W Wg/W WQ/W Wg/W Wg/W Wg/W
Na hO/W hX/W h|/W W|/Q Wg/W WW/Q W|/Q WS/W WP/W Wg/W
K WW/W Wg/W WQ/W WW/W hX/W WW/W WW/W Th/W h|/W hQ/W
9���� hh/P WQ/O WQ/O hh/P WW/O WW/O hh/P WW/O WW/O WW/O
Ab O/hO h/hO X/hS X/hX S/Q W/hT S/hT g/S h/| g/g
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��$.

G,� �� 4'8/B�E �'(8> =��� .//d> ��C ��'� =�:
��� 3Z�'> !*- �i$�$ e1� 0$ �$��+5: 1 = B��: ]��[

�� !��B��$ !�"
�C �2*- % ./3 �3 N> �q3$� �@ �'-A�� 
$� �'(8> =��� 1 4'8/B�ET = 479.8×(Na + K)[A] + 643.5 

��1E ��� �3 .��� 3 �@ �$� ��#� 1$ =�:hO%=�:���
 ��'8; [3�; �;� 0$ u,���� .
$ Z�'> !*- �8��U�

*��$��'` 3 ..
$ M��$ 3 4'8/B�E �'(8> =��� �8��U� u
���
 41*C �� �N,�$1P��$ !*- !��1E .1 4�/�$� ./,F5:

 �$��+5:]�[L$ //I> ��/� o/���� t�8>�$ .�	 2  ���� �3 
����d� 0$ ��� 1 ��#	T = 25.3×P + 645.9 �8��U� =$ 3 

*�� @ !��B��$ 4'8/B�E �'(8> =��� .G,� =��� �8��U� =$ 3-
�: u
��� 0$ L�8��U�  �5@ =�q` �'�,� �3 ��� 3 ��'� =

�C � e1� �3 �N,���#	]�{[*- !��B��$ )41*CP.(
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�N(` =*5R$ ��8��5�_ ��1 /% �$ 
$ ���,- ���@ 1 ���,-�'(3 �(N� ���

@�	F^�$ (!�� �$�'5�4'8/B�E =*,3G,� �� �'C'� l 1 ��
�'
�'�$ 2 =�: (4'8/B�E �
�52�� ��`�� ./�0 �$�'5� M��$  3 �:SiO2�8�� 
�3Na2O1TiO2.

&��4B�#	4'8/B�E �� �V/�@$ �2*�9
 2 1 ��� ���:.
Log ƒO2 [22] T ° C [6] T ° C [18] P (kbar); [17] ��'5� !��5- 

X|/QXYS|/SST S|/ShS hW/WH.4 

W|/QXYQO/STS Qg/TOS Oh/QH.5 

h|/QSYSW/STT WX/ThW Sh/QH.6 

|O/QXYQQ/SXT OO/Xh| gX/QH.13 

hO/QSYQP/STT QW/TPg SX/QH.14 

hP/QSYP|/STT g|/TXP ST/QH.15 

hO/QSYWP/STT g|/TX| SX/QH.21 

gO/QXYPS/STW Sg/XhP |X/QH.22 

Qg/QXYTW/ST| |h/Xg| OW/QH.23 

S|/QSY|h/ShS h|/Xhg WW/gH.24 

QQ/QXYhX/ST| O|/TWP OW/QH.25 

WW/QXYTO/STS SP/XhO Sg/QH.26 

S|/QSY|h/ShS WX/ThW WW/g#/3�,/ 

X|/QXYS|/SST S|/ShS hW/W�,/5@ 

WT/QXYTW/STP Pg/TQQ OP/Q./"��/� 

�2*�9
 2 �$'� �/:�� �3 �52�� \
 �/�1$ �V/�@$ !�"���` 
!�"
�C 0$ �d3�> �'` �@ ��$� �"��3 �E��`�� ./�0 �E ��$ 

]QX[.��@$ �C�� �3 =�:�52��b
 >��3 H(D$ =�:0 � �3 
�: !$ 5: $ "5: L�UBa*,�]QT[.4'8/B�E���@ �: �5�� =�:
 Z
$ - �
���,- =$ 3�2*�9
 2*,��: �52�� �� �V/�@$ 

]Qh[.
9��1]gW[�8��U� =$ 3�2*�9
 2 �V/�@$ �q3$� Log 

ƒO2 = -30930/T + 14.98 + (0.142×9P - 1)/T$� 

�'5� ���,#/%�@����E H�R  3 ��#	 1 .
'(@ H�R 3 ��� 
��3 ��$)41*CP.(


��
��� ���	@�
�3 �C'> �3�/:�� ���� 2�G,� �+5� *8,2 ���#B#>E =�:

  a�,) 0$ �@ ��$ =�1 p �657����!1 2 .//d> =$ 3 �$*
�% -
=�: ./�0 ��5/-G,��
$0 Z/U� 1��`�� ./�0 !��B��$ 
 @�.[��-  a�,) .
$Q(��20����  a�,)Ti �P�Nb �Y�Zr 
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*(C��!��5- �z�����0 ��y�����@ .� 1 �5/- ./�0 ����,-G,� �N,�'> % �N,�=�:. . .���

���� �@�`  a�,) (REE)1g()�$*
�% ������$  a�,Ni �Cr 1
V*,��: ]�����[.�$�'5� ��Nb/Y�3 �8�� Zr/Ti���'5� -

��'� =�:��� 3 ��  �#/3 ! ��2 ��$0�3 1 �
0*�E ��/�'
� 
*��$� �$ ; )[+-S^�$.(=$ 3 ./,F5: !��G,� =*,3 =�:

�� =A'B� .
�AE 0$ �$'> �
�/(; �'5N� �$�'5��3 �8�� 
?/(/�(TAS)]�y[!��B��$ @�.�$�'5� .
$ ���G,� =�:

 �� =A'B�! ��2 �$ ; �
�'
�'�$ 2 *��$�)[+-Sl.(��0�
G,� ./3 t�8>�$ �
���,- 1 ���#B#>E =�:./�0�`���;�1 -

=$0$ �:�2E�2V
1 = � =�:��$ �
�52�� =�: .�$�'5� ��
Ta/Yb �3 �8�� Th/Yb]�z[ �#/3��'5� �:�/:�� �
�52��
 �+:E�
�/(;*��$� )[+-X.(1 �) 	  a�,) 0$ �` 3  
����
 �@�` ���� �>'8+,) =�:�$�'5� ����N,�3�
�*,@ �3 !*- 

]�{[1��N,�3 �/�1$ ��-'2 �3 !*- ]�{[[+- ��=�: T1h
��$ !*- !�$� ��#� .�:�$�'5� .
$ ���G,� *8,2 .
�AE =�:

L1�B�� ='"�$ 1� �657 �+5� �� ��#�*,:� .- �� [+T�^�$ 
G,� l�/5�  a�,) L$ //I> ='"�$=�: L�'a �3 ��q,� 

=0$'���$.M��$ 3�8�� =�:)LaN/SmN), (LaN/YbN(1
)CeN/YbN(���$'>+B> �C�� /\$*C 1
b$�> > �3/H=$ 3 

���� �@�`  a�,))REE(\8� ���� �@�`  a�,) �(LREE)  
1./",� ���� �@�`  a�,) (HREE)d> //.� @ .$.
�8���:
$ 3=G,� =�:�� 3 ��'� �> > �3/HWT/Q|YTX/O�PS/|Y

||/g1X|/hYTT/|��$ .
$.,F5: �$�'5� /.3/����*,@ �@ 
@�`  a�,)�����@�`  a�,) �3 �8�� \8������",�/.

,D�2*- �� ��#� �*,:� .$
.,D�2*- ��� "��#� *�$'>
 �8,� [U� �#�3 l1A ./
�% �C��]��[ 3 1*,
$ 	 01

b
$*CG,� !*�0�� =�52�� �� *-�3 ��q,� =�: . �$ .
$
�� ./,F5: [U� �� ����2 �'�R  "��/3 *�$'>!�"���` *-�3 

]��[��@�`  a�,) sBR �3 ����2 $ 
0 ����./",� ��'` ��
�� b:�@ l$�� �� $� ���E  
����H/- *�1� H8� 1 *:� =�$�

 �@�`  a�,) ='"�$ ���������'-]��.[�8�� ��'3 ��3
LREE/HREE��#� ��52�� */�'> [U� ��
0 =�	�K !*,:�

��$ �/�10 � ����2 ��-'2 !�"���` ��5: �,d
 .$ 
0�_
�@�`  a�,) ���
0 =�	�K �� l1A���� �+8- �� ��'5d� ./",� 

=�C ����2 1 �.@ 
0 �[/>1���	 2 �#�3 l$�� �1�� �3 1
�5� ��$1*�'- .�8�� �.
$ 3�,3HREE b:�@ �
�� 0�	 �� 

��*3�
 .#�3 l1A o@ L�C���)0$  �5@QW*a�� (��*�$'> 
+#> �3  N,�/[52�� �=��$0�3 ��
�/(;-'�@ �
\

,D�2*-�'"�$ �� =@�`  a�,) ������ ��#� \8��*:� 
]�h�y�[.
,d�$9	$ �3 
b/(; �$9/���'3 �
� �8��  3 La/Sm 

�8�� 0$ 1 !�19	$Zr/Nb� ����@ ��'- ]y�[- 1/H,U,� �
b:�@��*3�
.$
.��  �$ /�N���R /�3/ �# La �3 �8�� 

Sm� 1/9Nb �3 �8�� Zr l1A ^(��� L�C��  3$ 3 �� ��$ .

@�	G^�$(G,� =*,3 !�� 0$ !��B��$ �3 ��� 3 ��'� ��q,� ���#B#>E =�:�$�'5� Zr/Ti –Nb/Y]gQ[1l(G,�� =*�,3 !�� .�
�AE =��:
�'5N� �$�'5� 0$ !��B��$ �3 =A'B�?/(/� �3 �8�� �
�/(; ]g|.[
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�N(` =*5R$ ��8��5�_ ��1 /% �$ 
$ ���,- ���@ 1 ���,-�'(3 �(N� ���

@�	HG,� �
�52�� �/:�� .//d> �$�'5���q,� =�: ]gP[[+- �3�#� oiJ) �S��$ .

@�	IG,� !*- ��N,�3 �$�'5�� �657 �+5� *8,2 .
�AE =�:�
�*,@ �3 �8�]gO[[+- �3�#� oiJ) �S��$ .

����)$ �3�$ "#:1V% �` 3 ]��[$9	$ �3
b�C�� #�3 l1A �
�1*R �>|W9@ 5> 0$ *a�� REE 1 !*- ����@ �) � �3 ?%

�E 0$)#�3 l1A L�C���3/b0$|W�*a� (5� l$���*�$'> 
I>//L$ 5�� �@�`  a�,) 9@ 5> �� �$ ���� 
��N*,@ .�3�C'>

 H��q� �3�!*- ��/3���$'> �B2- �@ /H'"�$ = a�,) 
@�`�� ���� �*�$'>��#� !*,:� �#�3 l1A ./
�% �C��

 [/>1� 1 .@ 
0 �����2 �'C1 !$ 5: �3 ���
0 =�:�	�K �� ��-'2
*-�3 l$�� =*d3 b
$*C 1 �8,� [U� �� .�,D 0$ �2*-

  a�,)LREE �3 �8�� �:HREE�2V
1 0$ �:��3 =�:G,� 0-

�+:E =�:��5@ �
�/(;��$ @ b�$�1 	 c_�,� ���#B#>E =�: =
!��;��$ =$ ]yg�yy[.�'�(
1  �� M��$ 3]y�[�,D �2*-

LREEG,� �� �:���'% ���`� �3 !��-$ ��
0*�E =�: =
!��;��$� b�$�1 	 �,�% =�52�� [/+#> *,
E 	 �� =$ .�8��

Eu/Eu*��'5�  �#/3 =$ 3 !*- �8��U� :��� 3 ��'� =�
 0$  �+7'@Q*,��: �B,� =��N,:�� =$�$� .
$ 3�,3 1 !�'3 .

�B,� =��N,:��Eu L�6�*(	 �
 1 KJ@'
KJ% �*- $*C �N/�� 
o/���% �3 �7 1 =�'(3 b
$*C �(/�'3 �7 ��(	 l$�� 0$ �$�

 �#�3 l1A �())�� �;�3 ���B> �� L�6�*(	 �E �� �@*��� (
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*(C��!��5- �z�����0 ��y�����@ .� 1 �5/- ./�0 ����,-G,� �N,�'> % �N,�=�:. . .���

��$]|P[.��'5� �� HP.07 �8�� =��N,:�� �Eu�� !*
� -
�� �@ �'-*-�3 ��6�*(	 �-�8�$ �N/�� *�$'>.
[+- ��Tl�='"�$ 1� REE vq�� �+
 )��'5� =�:

HP.04 �HP.05 1HP.09 (�,D �3 = "
� 1./
�% �2*-
LREE �3 �8�� HREE)��'5� =�:HP.01 �HP.02 1
HP.10 (�� !*
��'- .�,D .
$ �()�� ./
�% �2*-'>*�$

 �� ����2  �5@ �'�R!�"���`*-�3 ]|O[.vq�� ='"�$
HREE�:�� "��/3 *�$'>�'8� G,� �� ����2  �5@ �'�R �
 
!�"���`*-�3 �=$ 3 ���39/� ����2 $ 
0 Yb ��$ �'�R 1

��> �)�3 ����2 �2*-HREE�:���'- ..
$ ./,F5:
4'8/B�E !*����C 3 0�	  "��/3 ���5�R$ vq�� ='"�$ �_l1A 

��$ \/	�� .
 
0 ���'% �#�3]|O[.��'5� ��HP-09�
 a�,) �
0'> ='"�$���/� ���� �@�` (MREE) �3 �8�� 

LREE 1HREE �() �3 ���5�R$ �@ ��$� �i9C  d�> b
$*C 
.B�$ �
 1 *,(8��': ��$]|S�|X[.= ],) *,7 ^/_ ��

��N,�3 �/�1$ ��-'2 �3 !*- ]gO[)[+-h^�$(�2*- ��> �
���E = /"
�C 1 �/�1$ �'(8> �3 �$'> �� $� o/�����> 1 &'/3'/� 0$

�/�,"� =�'(3 �+8- ���$� �8�� �: .�4'8/B�E ./,F5:
 �(5C 0$ [/>1� 1 �
0��'� �.B�$ ��/,5(
$ �.@ 
0 ��/>�%E

���@ ��-'2 ��  a�,) .
$ =$ 3 o�� ��/�3 =�:*,��: �
��3 1
�� *,�$'>=��N,:��  a�,) .
$ ���/��d	
�52����3 ���3$1 

b�$�1 	 $�*,,@ 4 �,@ ]|g.[G,� �2V
1 .
 �5�� =�:
 �
�52���3 ���3$1 &'
*/31� 1 o/���% =��3 9@ 5> b�$�1 	 ��

���E��$0�3 �3 �8�� 1 ��'��/;$ ��/� ��#% =�:=��N,:�� 
�����E �� &'/3'/� 1 &'/�����> �B,� .=��N,:�� �B,� P��-

�3 *�$'> [/�� b
$*C*-�3 �/>�%E .=��N,:�� �B,� Ce �@ 9/� 
�� !*
� �$�'5� .
$ �� ��5�R$ �'- "��/3 �5@ �$*�� �'C1 

l'���_��$ b�$�1 	 .�>'8+,) =�:�$�'5� ����N,�3 !*- 
�/�1$ ��-'2 �3)[+-hl(��'5� �� �HP.04 �HP.09 1
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 �> ='"�$ 1��> ./,F5: 2*- �
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�-

�'- .���	� .
$ .
$ 3�,3 ./�0 ���	� �3�#� �
�/5/- ./�0
��$0�3 �
�/5/-�'> =�:j������$ ��/(T-MORB)��$ .��

G,���
�'
�'�$ 2 =�:9/� �8
 �> ='"�$ .
$ ��!*
� vq�� 
��*�'- .

��� 
� 
��J��A����+��)�� !�" 
/d> �%'>19
$ .� ./U-Pbc/;� 0$ �+
 e1� .
 > =�:

G,� .� ��1E 3 =$ 3 �%'>19
$��$ .
�AE =�: ]|T.[�$1$ 	
G,� �� .@ 
0 ���@ ��'3 �@ *- H8� ��
�'
�'�$ 2 =�:

G,� .� .//d> =$ 3�'- !��B��$ e1� .
$ 0$ �: .41*C ��O
!�$� �,� 1 �%'>19
$ =�:U-Pb�
�'
�'�$ 2 �� .@ 
0 :=�

��$ !*- !�$� ��#� �657 �+5� *8,2 ..� ./"��/� �$�'5�
G,� .
$ ��20�� �$�'5� 1 !*- .//d> [+- �� �:QW��#� 

��$ !*- !�$� .�3 �C'> �3gO��$�  3 ��� 3 ��'� �q�� =�:
G,� .� �.@ 
0 ��
�'
�'�$ 2 =�:T/P±g/OPh 4�� �'/(/� 

*�E ��� �3 .

@�	K*- ��N,�3 �$�'5�G,� !�/�1$ ��-'2 �3 �8�� �657 �+5� *8,2 .
�AE =�: ]gO[[+- �3�#� oiJ) �S��$ .
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�N(` =*5R$ ��8��5�_ ��1 /% �$ 
$ ���,- ���@ 1 ���,-�'(3 �(N� ���

 &��4F.� u
��� ��
�'
�'�$ 2 ��'5� �N,�HP.02�657 �+5� *8,2 �� .
�
9N> U 206Pb 206Pb* ± 207Pb* ± 206Pb* ± .
 ��3 ± Conc 

(ppm) 204Pb 
U/Th 

207Pb* (%) 235U* (%) 238U (%) (Ma) (Ma) (%) 
No2 -18 QOW QSOSX W/g QWWX/QX h/W STXO/W P/Q WT|O/W Q/Q X/OgX X/O O/hS 
No2 -8 gSX ghhQS X/Q TT|Q/QS T/W XQXP/W g/Q WTXh/W h/W W/OP| S/P O/hP 
No2 -10 gS| QgOSQg O/Q g|OP/QX S/W XW|g/W |/Q WTXh/W g/Q |/OP| Q/S S/QWg 

No2 -3 PQS QQhSXW P/Q W|OW/QX T/W XQgX/W P/Q WTTQ/W g/Q g/OPP P/S W/hT 
No2 -21 QTX |QTST h/Q QQPQ/QX T/W XQQQ/W |/Q WT||/W W/Q O/OPO g/O Q/QWW 
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