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Abstract: The study area is located about 110 Km south of Shahrood in north of Central Iran 
structural zone. There are many cumulate enclaves with ferroanpargasite gabbroic 
composition within the Middle Eocene basic volcanic rocks in the study area. Amphiboles are 
one of the most important minerals in gabbroic cumulates and host basaltic rocks. Based on 
results of electron microprobe analyses, amphibole minerals present in these cumulates, 
according to leake et al. classification are calcic and show ferropargasite compositions. 
Plagioclase shows a notably CaO-rich composition and has normal zoning from anorthite in 
the core to bytownite at the rim. Clinopyroxene composition range between calcic augite and 
diopsite. According to the amphibole geobarometer of Schmidt, amphiboles in these gabbroic 
cumulates are crystallized at ~7.5 Kbar corresponding to a depth of ~26 Km. Geothermometry 
of amphiboles of these rocks also were calculated with different thermometer and range from 
830 to 8600C. The low contents of HREE and La/Yb and Dy/Yb ratios of gabbroic   cumulstes 
suggest that their parental magma was probably formed by relatively high degree of partial 
melting (16 to 18%) of the mantle.  

Keywords: Mineral chemistry, Geothermobarometry, Gabbroic cumulates, South of 
Shahrood. 
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Gb-13 Gb-17 Gb-18 Gb-5 Gb-7
Na2O �c�/� �c��/9 ���/9 ����/9 ���/�
K2O 9���/9 9 9���/9 ����/9 a���/9
FeO ��a�/9 c9�c/9 a�cc/9 ac�c/9 c���/9
SiO2 ���/�� 9�c�/�a ���/�a ���/�� �ca/�� 
P2O5 9cc�/9 9��a/9 9���/9 9�a�/9 9���/9
MgO 9a��/9 9���/9 9���/9 9��a/9 9���/9
CaO ���/�c ����/�� a��/�� ��/�� a��/�a 
MnO 9 9�9�/9 9���/9 9�9�/9 9
Al2O3 ���/�� ����/�� ���/�� ��/�� ��a/�� 
TiO2 9 9c��/9 9 9���/9 9
Cr2O5 9�ca/9 99a�/9 9 9 9
Sum �9�/�99 ��a/�99 ���/�99 ���/�� ���/�� 

Si ��a/� 9��/� 9��/� 9�c/� ��/�
Ti 9 99�/9 9 99�/9 9
Al ���/� ���/� ���/� ��a/� ��a/�
Fe2 9�9/9 9��/9 9��/9 9��/9 9�a/9
Mn 9 99�/9 99�/9 99�/9 9
Mg 99�/9 99�/9 99�/9 99�/9 99�/9
Ca ���/9 ���/9 ���/9 ���/9 ���/9
Na ��a/9 9��/9 9��/9 9��/9 ���/9
K 99a/9 9 99�/9 99�/9 9��/9

Sum 9��/a 99a/a 99�/a 99�/a 9��/a
Ab �/�� �/� �/� �/� �/�� 
An �/�� �/�� �/�� �/�� c/�a 
Or a/9 9 �/9 �/9 �
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Na2O �c/9 �a/9 �c/9 ��/9 ��/9 ��/9 ��/9 ��/9 ��/9 �9/9
K2O 9 9 9�/9 9�/9 9 9 9 9 9�/9 9
FeO ��/� �c/� ��/� ��/� ��/� ��/� �9/� ��/� ��/� ca/�
SiO2 �a/a� ��/a� 9�/a9 ��/a� ��/a� ��/a9 ��/a9 ��/a� �9/a� ��/a9 
P2O5 9 9�/9 9 9 9 9a/9 9�/9 9 9 9�/9
MgO �a/�� ��/�� �a/�� ��/�a c�/�� ��/�� ca/�� ��/�� �9/�a �c/�� 
CaO �9/�� a�/�� �c/�� �a/�� ��/�� �c/�� 9�/�� ��/�� 9�/�9 ��/�� 
MnO ��/9 ��/9 �a/9 ��/9 ��/9 �9/9 ��/9 �c/9 ��/9 ��/9
Al2O3 9�/� ��/� c�/� ��/� 9�/� ��/� a�/� ��/� ��/� a�/�
TiO2 ��/9 ��/9 c�/9 ��/9 �c/9 aa/9 ��/9 �a/9 ��/9 c�/9
Cr2O3 9 9�/9 9 9 9 9�/9 9�/9 9 9 9�/9
Sum a�/�99 ��/�99 a�/�99 ��/�99 ��/�99 cc/�� �c/�� ��/�� a�/�99 �a/�99 

T Site  
Si ���/� ��a/� ���/� �9�/� ���/� �c�/� ���/� �9�/� ��9/� �a�/�
Al �9�/9 ��a/9 �a�/9 9��/9 �9�/9 ���/9 �9c/9 9��/9 ��9/9 ���/9

M1 Site  
Al 9��/9 9�9/9 9�a/9 9��/9 9��/9 9a9/9 99a/9 9�c/9 9�c/9 9aa/9
Ti 9��/9 99�/9 9��/9 99c/9 9�9/9 9�a/9 99a/9 99�/9 99�/9 9��/9

Fe2+ ��c/9 ���/9 ���/9 ���/9 �c�/9 ���/9 ��a/9 ���/9 ��a/9 �a�/9
Cr 9 99�/9 9 9 9 9 99�/9 9 9 99�/9
Mg ���/9 ���/9 �cc/9 ��9/9 �9c/9 �c�/9 ���/9 ���/9 ��9/9 �c�/9

M2 Site  
Fe2+ 9a�/9 9��/9 9��/9 9��/9 9c9/9 9��/9 9a�/9 9�c/9 �a�/9 �9�/9
Mn 99�/9 9��/9 99�/9 9�9/9 9��/9 99�/9 9�9/9 9��/9 9��/9 9��/9
Ca �9a/9 ���/9 ���/9 �c�/9 �99/9 ���/9 ��c/9 ���/9 ���/9 �a9/9
Na 9��/9 9�a/9 9�c/9 9��/9 9��/9 9��/9 9��/9 9��/9 9��/9 9��/9
K 9 9 99�/9 9 9 9 9 9 99�/9 9

Sum cat. 999/� 999/� 999/� 999/� 999/� 999/� 999/� 999/� 999/� 999/�
Sum oxy. c c c c c c c c c c

Wo �/�� �/�a 9/�c ��/�� �/�c �/�c c/�c 9/�c 9/�� �/�� 
En �/�� �/�� �/�9 c/�� a/�� 9/�9 �/�� c/�� �/�� c/�9 
Fs �/�� 9/�� �/�� 9/�� �/�� �/�� �/�� �/�� �/�c �/�� 
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���J2< SA�< ��9

 :�+$;�
>dL V
�3� ��123X�# y.#�2$>
�B&I-O�P=�E�3D�I�# 2J ��12E�D F&5G �
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�$ ��!t-�?# .
Gb-26 Gb-30 Gb-144 Gb-147 Gb-153 Gb-154 Gb-159 Gb-162 Gb-164 

Na2O ��/� �9/� ��/� 9c/� ��/� �c/� ��/� ��/� ��/�
K2O �a/� ��/� ��/� ��/� ��/� ��/� 9�/� ��/� �c/�
FeO 9�/�� ��/�� ��/�9 ��/�� a�/�� c�/�� ��/�9 a�/�� a9/�� 
SiO2 cc/�9 c�/�� ��/�9 ��/�� c9/�� 9�/�� 9�/�� ��/�� �a/�� 
P2O5 9 9�/9 9�/9 9�/9 9a/9 9�/9 9 9�/9 9c/9
MgO ��/�� �c/�� �a/�� ��/�� ��/�� ��/�� ��/�� 9�/�� ��/�� 
CaO ��/�� a9/�� ��/�� �/�� ��/�� cc/�� ��/�� ��/�� c�/�� 
MnO �9/9 ��/9 �c/9 ��/9 �c/9 ��/9 ��/9 9�/9 ��/9
Al2O3 ��/�� c�/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� 
TiO2 ��/� 9�/� ��/� ��/� ��/� ��/� �a/� �9/� ��/�
Cr2O3 9 9 99�/9 ��/9 �9/9 9��/9 9 9 9�/9
sum ��/�� a9/�� ��/�c ��/�� ��/�� �c/�� a�/�c 9�/�� �a/�c 

T Site 
Si 9��/c ���/c 9��/c ���/c �c�/c ���/c ���/c ���/c �a�/c

Al[4] �ac/� ���/� ���/� c��/� ���/� ���/� ���/� ���/� ���/�
Sum 999/� 999/� 999/� 999/� 999/� 999/� 999/� 999/� 999/�

M1 - M2 Site 
Al[6] ���/9 ��c/9 ���/9 ��c/9 ���/9 ���/9 ��a/9 �c�/9 ��c/9

Cr 9 9 9 9��/9 9��/9 99�/9 9 9 99�/9
Ti ��9/9 ��a/9 ���/9 �9�/9 ��a/9 ���/9 �9�/9 ���/9 ��9/9
Mg �c�/� ���/� ���/� ���/� 9c�/� ��/� ���/� 9�a/� 9c�/�
Fe2+ ���/� �c�/� �a�/� ���/� ���/� �c�/� �c�/� �a�/� �99/�
sum 999/a 999/a 999/a 999/a 999/a 999/a 999/a 999/a 999/a

M4 - Site 
Fe2+ ���/9 ���/9 ���/9 ��c/9 ���/9 ��a/9 ��9/9 �ca/9 ���/9
Mn 9�a/9 9��/9 9��/9 9��/9 9�c/9 9��/9 9��/9 99c/9 9�a/9
Ca ���/� ���/� �c�/� ���/� ���/� �9�/� ���/� ���/� ���/�
Na 9 9 9 9 9 9 9 9 9
sum 999/� 999/� 999/� 999/� 999/� 999/� 999/� 999/� 999/�

A Site 
Ca �a9/9 9a�/9 �9�/9 99�/9 9a�/9 9��/9 9a�/9 9�a/9 9��/9
Na c��/9 cc9/9 c��/9 a��/9 c��/9 c��/9 c��/9 c��/9 c��/9
K ���/9 ���/9 ���/9 ���/9 ���/9 ���/9 �9c/9 ���/9 ��9/9

Sum 9��/� ���/9 9��/� ���/9 ���/9 ��9/9 �c�/9 ���/9 ���/9

Sum Cat 9��/�c ���/�a 9��/�c ���/�a ���/�a ��9/�a �c�/�a ���/�a ���/�a 
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��� ,-�.i1 �d5A ��+	���? �C-D�3D�I�# =�E. . .���

	��� 	�����! <������ �����
�����	������ 
���? S�� 1 �'U# =�E3D�I�#6��&� �
12J�M���? #� �8��4�-

���? �B&I-O�P �,�?12-$ �.\?&
]\$ =�E)2-L =�E��@2J �� 1
��&C� ,
&-�1# S? �#/�� �J �E)�
>dL ,EP /-�?# 1 �
2'? �J

�A# )/D (�� T-0+L/5E���3D�I�# �
 �
g&�&? �	�J =#�#� 1
/53�E �3-'-? �R&$ 1)T0D�i� �L e�# .(

�=�#�/=�:$ �
�-C-D K-?2L !�&J g�J )/5E/��+� �E.\?&
]\
 S-�'? !#>-����A���P .J [&� .# ���P K-?2L��-L�&�P 1 �-�&3
 

�A# )T0D�(.�-L�&�P /U�� �L�/��An ��/A� )B1/G�(.
��45� �@�A =#�#� �E�&'J �@2J ���A&� 1 =��( [&� .# =#

/53�E .��45� �@�A �J [#&�# �� �-D�7 �J >?2� .# �=��( =#
2L.# �I-? �/��An �L c/�aAn �� )/
�/�&D)B1/G�.(

��&C� �� Q-�'? .\?&
]\$ �&G1�8��4� ��&� =�E�2*��-J 
�A# FP ��+	 !�&J g�J .J�J2dL �/D %&'8�)=g�J ��+	 �? 
�-I�P S3�-A �� FP i�-L�&�P i!/D �5` �(�J �FP 

I-?2L��=�� �-L�&�P .# .\?&
]\$ �&D ]�[.��]x[)��D# >-� 
)/D�A# .# �? )��D /U�� �J �
�E.\?&
]\$ ��#/JP �3�#.�J =�E

 �J �I�� �2Lg�J �-L�&�P)��DFP !1/J �3�#.�J =�E��&'I3� 
��/�&D.

�>�����:,�?12-$ ���CL1 /53�E ,�?12-$&5-'? [&� .# �E 
2J6
�$S-��L =/5J]�[��#�&C� ��Q – JQ-�'? 12C'< ��
)T0Dxie�#(�#2<��M-2/�/-�$&
� 1 �
]1# [&� .# 1)��i�c

Fs ��i��En ��i��Wo (/53�E)T0DxiF.(�� 2o� �J /A�
,�?12-$&5-'? �&G1J =�Ed-3� g�J S-�'? �6,-
�$ �-��8	 

�� �-'-A�A# !&*JP/5E/��+� fg�C37# 1W�-��8	 !�&Jg�J 
�A# FP]�[.u
#2DP H2O��&C� =�CM�� �� g�J ��&� =�E

,�?12-$ �&G1 �J �8��4�=�E ,
&-�1# =�G �J S-�'? .# �5` 
�� z�+� >-� �&D)B1/G�T0D 1x(�0
�&l �J �

,�?12-$ .# S? S-�'? �J =�E)��D �
./�P 1 �3�#.�J =�E
�C� �&'I3� F&l2� �3�#.�J /�&D]�[.

:#��%�':B&I-O�P T0D �C-� �L T0D �J ��E R12?&�'$ �J ��#� S�-
 N5;A ,;
# �� �;
&��� 1 �;-�1# ^�&U 1� �J 1 N�� S? >IA �;E

 /��#� �&�7 .B&I-O�P ,�;?12-$ T
/IL TU�7 �
&��� =�E#1 /;�
 -D�7 ��6�� )/E�+� �E�&'J ,
# /�&D�B&;I-O�P 1��;-�1# =�;E

 ,�;?12-$ 1 .\?&;
]\$ =�E�&'J ��3-'-? �R&$ ^�&U �J �@2J
 �� 2J �� #� /�2-M)T0D�i�.(2J6;
�$ �;�L-S/;5J=]�[�;J 

�-8<&��� �Z =2U�5( [&� �J �G&LB�3@�A �B&;I-O�P =�&'J 
�� �#2< )12M ���_ �J #� ���P /�2-M)�� =/5J2Z)�/�#:

�iB&I-O�P )12M =�EMg - Fe - Mn - Li ��?)12M ,
# �� 
�#/���( Ca + Na )B <1�( Mg,  Fe, Mn, Li )B ≥
�A# .
�iB&I-O�P E�#/�� )12M ,
# �� �Y-�'Z )12M =� 
�(Ca + Na)B ≥1a/9Na B <�a/�CaB >�A#.
�iB&I-O�PY
/A )12M =�E i,
# �� �Y-�'Z )12M 
�(Ca + Na)B ≥1a/�ia/9Na B =�A#.
�iB&I-O�P �#/�� ���P �� �Z Y
/A )12M =�E a/�Na B ≥

�A#.

2,�;�# � �L ei&I�12J =��� ,�;?12-$ =�;E ���? .# T0+3� �
12J�M)Px(.\?&;
]\$ �)Plag(���;? ��;
.�M��$12	 B&;I-O�P 1 )2;-L =�;E
)Amph ( �3D�I�# �	�J �J)F �e�# (�3-'-? �R&$ 1)� �� .( � � 1 e�# 2
1�jLXPL � � 1 F 2
1�jL 1PPL.
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���J2< SA�< ���

Sanidine

Anorthoclase

Albite Oligoclase Andesine LabradoriteBytowniteAnorthite

Ab An

Or

2,�?=�E���A/'	 =�#�*����3D�I�#2J�M =�E�#�&C� �� �
1 Ab-An-Or .�E.\?&
]\$ �-L�&�P 1 �-�&3
�J K-?2L =#�#� /53�E.

2,�@��45�,�?12-$ =/5J=�E�3D�I�# 2J �
12J�M =�E6
�$ =/5J )�� ]c[.e�#–n
#/G,�?12-$ Q-�'? �Q-�'? =�E–1 Q
/A 
2J Q
/A6
�$ �#�&C� Q-J��&C� ���4� ��&� =�E�� �#2< Q-�'? )12M �� �8 F 1 /�2-M–/53�E �
]1# 1 /-�$&
� [&� .# .

S-��L �J �G&L �J=/5J g�J
�$ 2J 16��!t-�Z# �B&I-O�P -
�� �#2< Y-�'Z )12M �� �8��4� ��&� =�E/�2-M )T0Dci

e�#(123+-J 12C'< �� �
.�M��$12	�
.�M��$12	 1/5'I��&E 1
��$ 1 �
.�M��$ ��A /5'I��&E �
.�M�� �#2</�2-M)T0Dxi

F(.�J �G&L �J�D�I�# 23+-J��&C� 1 �
.�M��$12	 12C'< �� �E
���? �J !P �23+� .2� =1��� !�+� ��1�d� =�E �? /E�

B&I-O�P K-?2L
�J �8��4� ��&� =�E/�
.�M��$12	 [&� .# 
/5D�J .

^�8��4� �J �G&L �JN5A�3@�5D �
�-C-D K-?2L 1,;
# �
B&I-O�P �;� 2;o� �;J 1 )�&J �
�CM�� �E .# f�C-�3�;� �;? /;A�

 fg�C37# 1 F&l2� =�CM�� �;$ 1 ,
&;-�1# �,�;?12-$ �&;'IL .# 
)/D �&'I3� .\?&
]\$/�# .)�*3A�@ B&I-O�P �
�CM�� �0��5_ �E

 B1/G �� �=g�;J �#/;�� .# ��A# )/�P K)�/9>(�Na)c/9
>(�Al)c>(1Ti)�/9>(�;;A# z�+;;� f\��;;? ]�9[.# 1

B&I-O�P [&� /53�E g�J =��� =�E.B&;I-O�P �&�;7 ,;
# 2J�5J 
�� !�+� �
�CM�� =��;
. �#/;�� =#�#� �3�;
�J �;CM�� �? /E�

AB�

0.0 0.5 1.0 1.5 2.0
0.0

0.5

1.0

1.5

2.0

Quad

Ca-Na

Na

J

Q

Q = Ca + Fe2+, J = 2Na  

Clinoenstatite Clinoferrosillite
Pigeonite

Augite

Diopside Hedenbergite

En Fs

Wo

"
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��� ,-�.i1 �d5A ��+	���? �C-D�3D�I�# =�E. . .���

/D�J )�&J FP]��[.B&I-O�P N5;A =�E �;J >;-� !�;J>-� =�;E
 B&I-O�P �J�+� K-?2L r�s� =�E3D�I�#�1 )�&J �
12J�M &;� .# [

.�M��$ �
112	 �
.�M��$3�E/5]�[.
��;;?��;;E=L;;-)2:[&;;� .# �;;-35*�&��3-L 1 �;;-35*�1�;;7 1=

%a�/�� –9�/�� =FeO 1%��/�–��/�=TiO2/53�E .

	������#C/ D�E6����������!	������ �����
����� �
�L&I05( =�E&*�# �A�2J���#1#2	 ��&C� �?�@ ���� 2U�5( =�E -

=�E3D�I�#�=#2J �? �8��4� ��&� �
12J�M �
.�M��$12	6
�$ 
�J�� =�E]��[�
�/5? �J �I�� ��d5�J)/D /5E/��+� �/�#W
�5` QIA �?�@ ���� 2U�5( �M/D)LREE ( 2U�5( �J �I��

 ,-*5A �?�@ ����)HREE(�A#)T0D�.(�5` Q
 �M/D
 .# �I��La��L 1.# �M/DCe�5` �? ��#� �&G1 �#�&C� �� -
�M/DLa �� ����M �&G1 fg�C37# �)�*3A�@ #� L8-�� ,-/5? 

]��[.,
#2�# 1 ,-*5A �?�@ ���� 2U�5( ,-R�$ 2
���� uA&L 
�� /-R�L ���P S? �'-@ K-D&D�)T0D�.(=��d5�J�� �O5� 

Ce�� 2-��L 2*��-J /�#&L!�A2M���&C� 2J �8��4� ��&� =�E
 /D�J]��[.=��d5�J�� �I�� �
>G Eu)I�� �Eu / Eu*2J#2J 

�J��/���A# { Eu* = ( Sm + Gd )N / 2 }(=g�J !#>-� 1
Al2O3��&C��� !�+� #� .\?&
]\$ �D�I�# �)/D �
>dL =�E -
/E�.

2,�F�#�&C���45� =���&I-O�P =/5J�3D�I�# 2J �
12J�M =�E6
�$ )�� =/5J]�[.e�# i-O�P [&� .# ���&I-O�P B&IF 1 /53�E Q-�'? =�Eif�L/C( 
�
.�M��$12	 12C'< �� i�� �#2< /5'I��&E �
.�M��$12	/�2-M .,
# =�E23�#��$�#�&C� T��D a/9ANa + AK > �a/9Ti < 1Fe3 < AlVI�A# .

2,�G=&*�#��d5�J 2J �8��4� ��&� =�E ��&C� �3
�/5? W/D 6
�$�J�� =�E]��[.

0 2
0

2

Fe-Mg-Mn

Calcic

Na-Ca

Alkali

BCa+BNa

B
N

a

ا23

8.0 7.5 7.0 6.5 6.0 5.5
0

1

Silicic

Edenite

Silicic

Ferro-Edenite

Ferro-

Edenite

Edenite
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Hbl
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Hbl

Fea
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Hbl

Fe

Par

Hbl

Pargasite

Ferroan

Pargasite

Ferro-

Pargasite

TSi

M
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(M
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F
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)
ب

1

10

100

1000

La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Rock/Chondrites REEs-Nakamura, 1974
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���J2< SA�< ���

85% 
CPX 

From 
alkali 

basalts 
92% CPX 

from  
sub alkali 

basalts 

��&C� ,-
�$ �-'-A =#�#� �8��4� ��&� =�E),-*��-���
/U�� (�� �#2< ��#.�J �
20-$ 12C'< �� 1 )�&J /�2-M]�[.

/5E� T-0+L =�CM�� �-E��W�3D�I�# 2J �
12J�M =�E6
�$ 
��'U# 2U�5(�
�-'< i��A# �
�-'< �C-� =�E�#�&C� �� 1

#/G/55?WI-?2L ��=2J =.�J 6
�$ K-?2L ,�?12-$&5-'?)T0D
�(��&C� �>-� 12C'< .2� �� �8��4� ��&� =�E�
�-'<��#.�J 1 �E

 �
�-'< �C-���#.�J�� �#2< �E /�2-M]�x[.2J6
�$ �I��Rb/Sr 
�J Ba/Rb ]��[��&C� �)/5E/��+� �8��4� ��&� =�E)�*3A�@ 

/53�E �3-L1/
2$ .�#�&C� ��TiO2K�7 2J FeO 2J �? �T? 
6
�$ JP=���&*+
��.P .# TU�7 ���A]��[1� 1)�*3A�@ 
3D&M6>-CL !P �� �1��J 1 )/D ��L �3-L1/
2$ )�#�)/D �/�#
��&C� 12C'< ,-J �8��4� ��&� =�E)�*3A�@ ��L �3-L1/
2$ 

�� �#2< )/D �5` 1 )/D /�2-M)T0D�.(2J6
�$ �I�� 
(Hf/Sm)N�J (Ta/Th)N]��[��&C� �>� �8��4� ��&� =�E Q


 �J3D&M !#/-�6�3	2M �#2< )/D ��L /�#)T0D��(�I�� 1-
=�ETi / Yb 1Nb / Th ]��[)/5E/��+� )�*3A�@ �3D&M 

)��< =2OA&3-���&C� =#2J =#�A# �8��4� ��&� =�E .
�5` �M/DLa��L 1�M/DHREE)�1/7��L�2J#2J 
�
�/5? (��&C�G1 )/5E/��+� fg�C37# �8��4� ��&� =�E �&

 �� ����M)�*3A�@ �A���P ]��[.T0D ����2J �? 6
�$ 
�I��Dy / Yb �JLa / Yb �A# F1h �5s5� 1)�*3A�@

�� !�+� #� �-�1.2� T5-�A# 1 �-�1.2� ����M /E�]��[�
�3D�I�# �5s5� �J Q
�>� �
12J�M =�E )�*3A�@ ����M

G�� 1 �3-�1.2��=�E ��
. f�3I�� �+�J F1h���L��U�� /
�� :<#1/�&D .=&*�# K-D 1 �
�CM�� �-E�� �J �G&L �J
��#1#2	 ��?�@ ���� 2U�5( =�E��#&�CE�Mt
1 ,
# ,-J �J&@ -

G�� 1 �E6F1h 1 �+�J )�*3A�@ �8��4� ��&� =�E ��&C�

��#� �&G1 .��5_ T0D �0�!�+���/E� �?�@ ���� 2U�5( �
�@ ���� 2U�5( �J �I�� QIA �M/D �5` =#�#� ,-*5A �?

 =23+IJ /53�E)�x/�(La / Yb)N =.( �5` ,
# !#>-�
G�� �J �3�J �M/D6�� 2--"L �+�J F1h /5? .F1h ^�G��
3D&M ,-
�$ �+�J6���<&	 ).# 23C?��/U�� (�J 2d5�

 �3�#.�J =�E�CM�� T-0+L�
�-'<�5` �(�J �d-3� �� 1�M/D
 �J �I�� QIA �?�@ ���� 2U�5(�� ,-*5A /�&D]��[.�J

G�� n
#>	#6�?�@ ���� 2U�5( �M/D �5` .# �+�J F1h 
�� �3A�? ,-*5A �J �I�� QIA�&D�.# �
�CM�� =2A 1

�
�-'< �J �
�-'< �C-��� 2--"L /J�
 .�-E�� �J K'4� ,
#
��&C� �8��4� ��&� =�E)�
�-'< –�
�-'< �C-� (G�� n
#>	# 16

CM�� �J �I�� �+�J F1h �-E�� �J =�E��
�-'<).# 23C?��
�+�J F1h /U�� (��#� �*5E�CE .I�#�3D� =�E ��&� �
12J�M

�8��4� TU�7 fg�C37# n
#/G .�	 ,
�&'J �-�1# �&'I36=�CM�� 
).#/M �J w&J2� �? /53�E !�J>-� =�E �JA16'- =�CM�� 

)/D TC7 g�J �&4A �J )/��C-<�J/�# .,
# �A�2J ���&I�12J
#2J=/5E#&@ /-O� ��-�J �
�CM�� !>�� ��+	 1 bC( ,--8L 
�&J.

)�&L ^�8��4�S3�-A =1� Q-	�� =h&O� =�E f�3I�� =�E
 �*�&*_ ��&� �� ^�(\l# �,
#2J�5J �A# )/D >?2C3� FP �J

n
#/G 23C? �bC( �� �#/JP Q-	�� =�E�CM�� �A# ]��[.�J
�E.\?&
]\$ �-L�&�P /U�� !�&J g�J �J �G&L =g�J !#>-� �

fg�C37# ��
�CM�� /5'I��&E �&G1 1 ,�?12-$&5-'? �� S-�'?
��&C� Q
 .# �8��4� ��&� =�EW��D 1 )/D �&'I3� �#/JP f�3I�� 

�� ��1P2J �? �&D)��D=�E �8��4� ��&� �
�CM�� !>�� x/��L
��3D#� FP /U�� /�#]��[.

2,�H�#�&C�Ti�J �I�� [&Cd�Ca + Na 2J �6
�$ !P �� �? ,�?12-$&5-'? K-?2L �
�-'< W23�M �E .�
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