
(Received: 19/8/2008, in revised form: 15/2/2009) 

Insights from Zircon Morphology and Geochemical Signatures of 
Ghaleh-Dezh granitic pluton, Azna 

N. Shabanian B.1, A. Davoudian D.2, M. khalili1, M. Khodami3

1- Department of Geology, Isfahan University, Isfahan, Iran 
2- Department of Natural Resources, Shahrekord University, Shahrekord, Iran 

3- Department of Geology, Islamic Azad University (Mahalat Unit) 
Email: nahid.shabanian@gmail.com 

 

Abstract: Zircon is a tetragonal crystal and records different episode(s) of geology in external 
morphology and internal textures. Factors affecting the shape of the zircon crystals are the 
composition, possibly the temperature of the crystallization and water content in magma. The 
zircon typology of the Ghaleh-Dezh granite mostly introduces the fields P5 in classification of 
Pupin (1990), therefore, show mantle source for the granite. The dominant morphology of the 
zircon grains reveals a strong dominance of {100} prisms and {101} pyramids over {110} 
prisms and {211} pyramids. The dominant morphology shows high alkalinity, the 
temperature of crystallization about 850 ºC and dry alkalic nature for the granite. Absent of 
hydrozircon overgrowth indicate dry magma. Also, the Zr saturation temperature based on 
zircon solubility reflects a mean temperature of 835 °C. All of information is corresponded by 
petrography and geochemical evidences and also with a-type granitic magma that has mantle 
and crust sources.  

Keywords: zircon morphology, A-type granite, alkalinity, Azna 
 

Vol. 17, No. 2, Summer 1388/2009 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

04
 ]

 

                             1 / 11

https://ijcm.ir/article-1-589-fa.html


)����� �	�
��:��/�/����
��� ����:��/��/��(

���� ����	 �
��� � 
���� ����� ���� �
����� ������ ���������  !�" ���� # $ 

��%��	 �����&� '�"��(!$�)"$ ���$��$ �*���+ #,����- $��./ #(�/�'- ���0/ #1

� !"�# $%&' �()*+ $,-.�/� ��0�12 3��45/ $�6.�/� 
� 7&�2 $�6.�/� ��8"9: ;<�1� $%&' �&

= !"�# $%&' >?@� ,A/% ��?0/ �/#B $�6.�/� ��0�12 
�%&CD�/ ��E"D�:nahid.shabanian@gmail.com 

2'�)3:�� �)*9C� �2)'��F GC�"0 �� !7&
# �)*< !"�# H*C�� I�J�/,
%� K,117 �9L % �)2 < % �M��N ��CN�0 �� �0�12 �	�
�0/ �)N ��%�� .�0/ �P'�� QB I)C@� % R"7&S ��)*9S I��� #/ �8<�S !7&
# �)*9S % ,2� .��)' �"�/&' !7&
# I�J�)*< �0�12

�8*T K&C�' �� �9��U V�P5 $�� !"E)E I,1<)���W (�� �/&T &< X/� �7 ,�&"' $�6C0�N�C2)' I/�0/ 3B 3�)< .��
� R��U �0�12
��/� &S&< !7&
# I�JI�J�).1� I{100}&< {110}(&J %I�J{101} &<{211}�� ��-2B /� �#�0 .��
� !
/ Y�< �R��U �0�12

 �)*9S I��� ��"Z�"*T 3/["� 3�)<��W�C��0 �M�� �"�/&' !
/ I/&< /� �
�"*T I�P'�� \
 \.N �"J�� % �/&' �� 3�.� �J ,J� .(,+
< �)M%&.N I�P'�� &6��.� !7&
#%�,"J I,2� GJ�0/ \.�%,A �� I��� !"6��"� ["� !7&
# #/ ]�92/ �^10��� !"1_PJ�=� 

�C��0 �M�� �� 3�.� /� �/&' ,J�.`10 % �
�"P"2)ZV ,J/)2 �< Y�< a
�C� ���PS ])� �C"�/&' I�P'�� �< % �0/ ,"
�S b<�T �CN�12A
�C2)' $�6C0�N �< �C0)E % �
/ ��/� ��/)�PJ �
/.

2 �� !'��� !�":��
� �"�/&' �!7&
# �0�12])� A��#/ ��"Z�"*T �.

�/'5/ 
!7&
# 3/)1+ �<1�/� �� �+&	 ���7 \
c`10 #/ �8"0% �< �J

`10 $d
% \"�*	 !
�eB I�J ��/� �"�)P+]���.[�< !7&
#
 �� 3B I�CPJ �< h
/,"E �*+&C�'$`10 #/ I/ �S �C0)E I�J

�"�)1
# I�J�C2)'`10 ��
�)iC� �$�� I�J J�"C7�S % ��J��<
3/)1+�� Q)�@� jN�2 ���7 \
 �)2 .���7 !
/ &k� #/ 

�� % $�)< #/,'&
� % (%��� �
�"P"2 I�J,1
B&	 �: ,�/)S
 ��)'&'� &< $%?+ b�� % bPA % �'�#/)JI��� �� % Y�< 

��-S��B�,2�< �/,
�E % (%��� ]=[.
["� ��%�� �	�< % �M��N b-2 &k� #/ !7&
# I�J�)*< �<

,�&
lE&""mS >,2 .�'d
% !
/ !"�# �_�
��S &6��"< �J �0�12
 �)*9S % ��)'&'� �
 �
�P'�� �)*9S I�J�/,
%� $d
% �< ���7 !
/

�0/ �,^� .�'d
% &6
� n&: #/ ��.	 #/ �<�S#�< $,2 ��
 I�J

 ���7 &< $,2 b"P@SI�J%&"� I)0 #/ ��%�� o��9�/ % �M��N 
�< �7��C� >�)5"-C3,2 ��%#%&< �
�"P"2 ���0&'� 

�� ,17 .��)'&'� ��
�P'�� $�6C0�N #/ �S�+?:/ !7&
# �0�&<
 ��/l' �� ��"CN/ �� /� �C�.� �S %]p[.

�� �)*9C� �2)'��F GC�"0 �� !7&
# ���7 ,2� % �)2
 �9�� �< �	&:%� I�).1� I�J�)*< >�)5 �< q��)P+ 3B

b
): �',2)I�1�E �< X): (�r �0/ a1E �< \
 &6��.� 
�0/ �)*9S �+&0 .!7&
# �)*< b-2 &< &6
� �/l' &"L�S b�/)+

�0/ �)*9S s0)C� I��� qY�PCA/ % R"7&S.
(&	 �9�� ,2� % !
)-S t�0/&< /� !7&
# I�J�)*< I�J

 I�).1�}100{�9�� �<}101{%bD2��&J I�J}211{

1-Metamictization 

X�0GJ,4J K��P2 ���3�C�<�S ��c@45 #/ ��ww �Sxy� 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

04
 ]

 

                             2 / 11

https://ijcm.ir/article-1-589-fa.html


��
� �0�&< �C2&0 % !7&
# �0�12 �8*T �C"�/&' 3)S)*E �
�"P"2)ZV I�J ��#/ �V� xy�

�< �9��}101{$�� �� I,1< ,117]�[.bD2 �9�� ,2� I�J
I�).1� bD2 �9�� ,2� % �)*9S I��� �< /� �< /� ��&J I�J
�C2&0�� �9�� �
�"P"2 I�J ,1J� .!7&
# �C�< �
�P'��

 ��/� j�.� I�)*< b-2 !C2/� �< b
�PS �P'�� �"J�� �<
)X�z� I/&<:]� �[(.I�){< �7:
 t)"1"�)�B&|"J s"@� \
 #/ !7&
# &'/ 
)Hyperaluminous (!��-�B)|"J �
)Hypoalkaline(�)*9C� 

}){0 b"-.S �< b
�PS ,�)2��&J}211{���/.
 s"@� \
 #/ &'/ %|"J &!��-�Bt)"1"�)�B)|"J �
 
)Hypoaluminous(}){0 b"-.S �< b
�PS ,�)2 �)*9C� 

��&J}101{��/� .�9�� !
/&<�1<Al/Alkaline b-2 I%� 
R��U(&J I�J�� &"L�S !7&
# ��/l' .�
�^�B #/ �7��� &""mS &< 

�� &"L�S !7&
# �).1� b-2 I%� ��/l'!
/&<�1<3B #/ ��3/)S 
<�\
 3/)1+a10��� !"�#$��4C0/ �&7 .

QB�7 I�): �< ��/� !7&
# �)*9S �� �P�� h�� ["� ��
\
 �: !7&
# �QB #/ &"�	 I�J�P'��K�%� �"�%/ �
�P'�� 

�� �)*9C� / !7&
# QB #/ �1U I�J�P'�� �� % �)2 ##�UB �)*9S 

�� % b"-.S3�
�E &5�1+ #/ �1U !7&
#%�,"J b"-.S �< �)*9S 
Q�"P7)U, Th, Y (�� ��/�/ ,<�
 ]p�~[

/�%/%)���W()Vavra, 1990(&61"	 % \�"1< %)���� (
)Vavra, 1990(]���[$�/� 3�.� �7 ,�/��
� �0�12 

q�5)�N< �R��U �).1� ])� >,2 ��<&</ 3�)< ]�92/ l�Q/#/
ZrSiO4�k*U %�N&<()"�/�%/ bz� Q�"P7 &5�1+ #/ �6C�< 

��/�.
#/ $��4C0/ % �0�12 ��
� j"�.S I/&< !7&
# b-2

�"�/&' �"8T)� I�J H*C�� I�J !"�# ��� % �CN�0 >%�4C�
 !"E)E s0)S �)*9S)�w�y (]�[�0/ $,2 �	&8�)b-2�.(

<�I�): �< �7�0�&<!7&
# b-2`10 I�J I�J �C"�/&'
�� �*5/ $%&' �0 �< /� ���B 3/)S$�� I,1<�&r:
 �"�/&' �< �
�J$�6C0�N�C0)E q�9��U �
 I/�C0)E I/
)�"�/&' t)"1"�)�B I�J(.
 �"�/&' I�J�'�%� �< $�6C0�N�C0)E % I/�C2)' �
/ 
)�"�/&' I&0 I�J�DJB �
�"*T �P"� % �
�"*T (.
 �"�/&' �< �
�J$�6C0�N 2)'�CI/�
q�9��U �C2)' /I
)�"�/&' % �C"i�)S I�J�
�"*T(.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

04
 ]

 

                             3 / 11

https://ijcm.ir/article-1-589-fa.html


��
� �0�&< �C2&0 % !7&
# �0�12 �8*T �C"�/&' 3)S)*E �
�"P"2)ZV I�J ��#/ �V� �~�

6)�(�0�12 ��
� �< �6C�< !7&
# (Na + K)/ Al %I���b"-.S ]�[3/["� �
 %UY,%P]�[��/� .< �J,�%� �3�.�� R"S&S ,�1J�K:
(I #/ ��1U ���-S��B I�J,"
)C"�/&'Al �(II a, b, c"�/&' I�J,�"
)C ��DJB �
��"*T (III I�J,�"
)C"�/&' �
��"*T ��P"� G"�0�CE #/ ��1U (IV 

I�J,"
)C"�/&'�
�"*T ]���W���[.
!7&
# �� �7 �
�J&C�'$I�JI�/&T ��I/�/� ,�&"'��9��"� G7 

��/� �-"��A �� �,1C�J �� �7 !7&
# I�J$&C�' �J&6
� I�/&T 
�� I%�A ,�&"'��9��"�,1C�J .)b-2�.(

�6�)6F �0�&< �.J%dE ��r !
/ #/ n,J3�)< Y�< &�1+ 
��)P� �
�"P"2 ["���B �� ()"�)7&
# ["� % Ie)4� K�)S !
/ I�J

���7 IY�< ��/%/&	 #/ $��4C0/ ��E)-0%&-"� ;:��� �� !7&
#
��
� �C2&0 �< �<�"C0� I/&< !7&
# I�J�)*< �0�12 I�J

�0/ Ie)4� K�)S !
/ �
�"P"2)ZV.


�/� �57�/ ����� 
�� V� �8*T 3)S)*E �WX�P2 I&C�)*"7 I&CN�< �� ��#/ &�2 

K&C�'�)'��F �.�� �:�~yyyy !"�# �0�12 (&N ��<B ;T/% 
���)2]w[.!"�# ��CN�0 ��@� #/ �� ��0�12�1�E !"�# 

�,110 �CN�0  ;T/% 3�M&"0 $,2�0/ c*5�	 �� %�~
�',�/� I&C�)*"7 �*5/&T t&'/#��/� �/ .
� �8*T 3)S)*EV�0/ �S�%�^� ��)'&'� ��LB ,T�	 �-
 �7 

$�)S �< o)<&� ,J/)2 #/ �CN�0 !"�# �< 3��[PJ Ie)4� I�J
 �0/]�W[%�<`10 �"A�� ��)'&'� I�J ���"2 3)_PJ I/

 �J&�&� % �
[S�/)7 ��"�)9"4�B �C	&'&< �� $,2 ,�/ )b-2�(.
'� G
V� \
 &"L�S �@S 3)S)*E !
/-"��1
� �*-2&�b"-.S 

�0/ $,2 .I��CN�0 &5�1+L%LS !
/ �� Ie)4� K�)S �<
$,
� �<)N���)2 %�0/� �&< ��LB b<�T 3)S)*E !
/ �� �&'

�0/ j"�.S ]��[.`10 &k� #/ 3)17�S $�)S !
/ �0�12
 �/&T �8��{� ��)� I��CN�0 &k� #/ ��1S % �)< $,.� �0�&<

 �0/ �C	&']�����[.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

04
 ]

 

                             4 / 11

https://ijcm.ir/article-1-589-fa.html


��
� �0�&< �C2&0 % !7&
# �0�12 �8*T �C"�/&' 3)S)*E �
�"P"2)ZV I�J ��#/ �V� xyx

6)�,��#/ ��{1� $,2 $��0 �.�� )3/��-PJ % b^@� #/ $,2 }?5/ �WW=(]��.[

���� ������  � ����� 
���7 ��@� #/ V� �8*T 3)S)*E ��"S&E �[S�/)7 b��2 �0�12

?EV>%,"E/ �!"����)S ��"S)"< �#?7)
 �"�YB % !7&
# ��
�P'��
�0/.

�
�"P"2)ZV �0�&< �� 3/["� 3)S)*E SiO2�Na2O�K2O

Y�<�3/["� %MgO �CaO %P2O5q�C9�� �0/ !"
�E .!"1_PJ
 bz� �<�"P7 &5�1+Rb�Zr �Y�Nb �LREE %Ga 

�1U �� 3�.� �',2 &5�1+ 3/["� �7 ���A �� ,1J�Sr�Eu �
Sc �V�Ni %Cr q�C9���0/ !"
�E .I��^1�<�� �41� Eu �< 

�9�� $/&PJ IY�< I�JRb/Sr�K/Rb �Ga/Al �Zr/Ni �
Y/Sc IY�< �/,�� %Zr + Nb + Y + Ce`10 !
/ �� �J

�0/ $,2 �9L.`10 !
/ �S t)"1"�)�B�C� �"J�� I/�/� �J
�
�"*T �S �
�"*T % t)"1"�)�B&E �P7 ,1C�J �DJB ]�=[.

t�0/ &<�/�)P� 10000*Ga/Al R�A&< Nb �Ce �Zr 
%Y��)P� �� V� �8*T 3)S)*E I�J K&C�'�"�/&' I�J ])� A

�� �/&T ,�&"' .���/�)P� s"@� �-"-4S I�J I�J�CN�0 !"�# �
��)P� �� �JK&C�'�"�/&' �@45 3%�� I�J �� ;T/% I/ ,�)2 .

t�0/&<�/�)P��0�
�SY – Nb – 3Ga�`10 !
/ I�J
 �� �C"�/&'K&C�' A2�� �/&T ,�&"']�=[)bD2=(.

�0�&< ["� �E)S%[
/ I�J $�6C0�N \
 #/ �7�A R��U�C2)' �
/
 %�C0)E h�< �
I/I/&< �8*T �"�/&' �0/ V� ]�p[.

!����'% 8��
���� 
�8*T �C"�/&' ��)P� #/ !7&
# h
/,M V��<�< X)P8� �%� 

(�^�/ &
# >�)5�0/ $,2 :���� �%,A ��)P� (&')*"7 c
Q��C�/ /� �
[^S ��LB % �'� 3%,< �"�/&'�|0 %0B ���"I

�-	 % �&N #/ �E \�/3B 3�&r$#/,�/ �< ��)P� #/ �.�< �JI
!"<�WW �S �WW \.N % QB �< ).C�2 #/ �E /� 3%&-"� 

3�&7�1m� #/ $��4C0/ �< % $�&r Q��C�/ :"�$�6.�/� a10
/&< ��)<[��0I/,M bP+ 
h���7 !JB I�J >/�e !
/ b7 #/ �/�
�	&' >�)5�|0 ����7 /� !"610 I�J�<
�h�< !C�

 % !2%�:�1m���"���Q/l��JI!"610 )(&	)�&< (/,M
�&r
G�&7 \.N % &{�� QB % !C0/ �< ).C�2 #/ �E %3��

�� 3%B�E
#/ $��4C0/ �< 3��)-0%&-"� ���/� #/ /� !7&
# I�J
���7 !"610 I�J� !2%�
&6/,M�&r
G.�M)S �< �*A&� !
/

��/� 3�)< [
� �< �C�
�< !7&
# I�J �T% n&5 �< % �T� �<
�� >�)5 ��
# '��/� !-P� ,A �S % �	& % G��0 !7&
# I�J

 3%,<��9��"� ,�,2 Q��C�/ .�|0��/� ;PM !7&
# I�J I�%B
 ��7)E/ R�F #/ $��4C0/ �< /� $,29zS % �
[M %�"3B �I%�

(Y#/ $��4C0/ �< �
��
�P1'�[< �< I�)9+ �)-0%&-"� �0,+ 
�i"2 x�W %xpW�&< 0��&r 
G.0�&< I/&< !"1_PJ��"T� 
��
� ��/� �0�12 �.<%� ��%&C-�/ �)-0%&-"� �< !7&
# I�J
 �/,8S�p5)��� c@45 I%� !7&
# ��/� ��< % $,��9�F 

,��2)E !<&7
G.�0�&< I%���/� $,.� �C�-2 I�J (�^�/
 �	&'%�"[>��C�� I.A %I.T)R
&� % �C"1"��-�B R
&�

��&'�
(�&+ % X):��/� �� % �J"[��{1� I,1< %e)4�I!""8S 
,�,2.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

04
 ]

 

                             5 / 11

https://ijcm.ir/article-1-589-fa.html


��/,N ��*"*N �I�&-J� 3�
�%/� ��1M%&< 3�"��92 �~y

6)�1�/�)P� �� 10000*Ga/Al �< �9�� Nb+Ce+Zr +Y��)P� �� V� �8*T 3)S)*E I�JK&C�'�"�/&' I�JA-Type�� �/&T ,�&"' .
t�0/&<�/�)P��0�
�SY – Nb – 3Ga`10 !
/ �� �C"�/&' I�JK&C�' A2�� �/&T ,�&"'.

��	 ������ �����
���� ���� �
����� 2$�� !�"  $
0�&< !
/ I�C0/� ����%,A �� ���� ��J==W��/� #/ ��)P� -

�JI3%,< % G��0 c�/� ,5 ���B !"< #/ % ,�,2 /,M !7&
# 
G
�&7 /,M /� �',2�&'��LB .I%� $,2 (�^�/ �0�&< �� !
/

 ��/� ,5!7&
# �8*T �"�/&' #/ $,2 /,M �V�<"&C. ��/� I�J

 �� !7&
#$&C�' P5 %�� &CP7 3/["� �< $&C�' I�JS24 %
S25 $�� I,1<��
� !7&
# �0�12)�!"E)E���W �]�([�/&T
�� ,�&"')b-2p��%�.(��/� `�� I�J �S $&"S [90 !7&
# 

�&0$)�T �< b
�PC� n�42 �`�&"< % I/  �0/ n�42 �P"� .

6)�9J�)*< `10 #/ !7&
# I� �8*T �C"�/&' I�J V�)P5:A �I%�A��9��"� �"S�EB(�)B:P5 ���9��"� �<Q/l� �6C�-2 %(�)C:P5 % b7�� I/�/�
�{1��I,1<(�)D:S24 �<���9��"� Q/l�(�)E:P5 �I/�/� ��9��"�(�)F:S25 ���9��"� �< �"S�EB���7 &6
� I�J(�)G:P5 �I%�A��9��"� Q/l�(�)H
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��{1� I,1<�"-��C� %(�)M:S25 �@CI)��9��"� Q/l��6C�-2 %(�)N:S24 ���9��"� �< Q/l�(�)O:S25 ���{1� I,1<�C� ���"-�I/�/� 
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cI/�/� !7&
# ��{1�,1<I�-"��C� ��LB �b7�� �j�.� 3,2 %��9��"� Q �"S�EB (�/� \
c
I/�/� !7&
#I�J��9��"�Q/l� )MI(B %�"S�E)Ap(.

6)�;�)-0%&-"� &
)�S�.<%� ��%&C-�/ ��/� #/ I!7&
# �C�</%�<�8*T 3)S)*E V�.

��/� ��{1� I/�/� !7&
# I�J I,1<[r&� GJ >/#/)� �< �9"7&S 
I�).1� }){0 $�)<)b-2Lp%�(&6��"< �7/,M
h!
�)*< 

�0/ !7&
# �
�P'�� �"J�� %]��[: �< ��-
�)`�� h�< 
I[7&�3B$&"S �0/ $�)< �� )"C7/)
�/� �/)� [7&PS b5�A �7 
[7&��0/ 3B b5�A R
&�S ��LB ���"� h�< �� �J�' %

()"�/�%/ �/)� �2�E/% �/�)�"-"��C� (�< �6C�-2 >�)5 �<
�� G.F ��)N)b-2�%Lp.(��/� I%�A !7&
# I�J

3�"� �"S�EB #/ �
�J��<)b-2Ap%�Q(%Q/l�)b-2D, 
Gp%�Q(C�J,1.X):!7&
# I�J�)*< =�W  ��� 

%&-"� &C����B I�1�E %��� �p3%&-"� &C� �9�� %X): �< 

�1�E ��/� p�/��0/ $�)< .jN�2 I.A %I.T R"S&S �< 
�/��W %�WW �0/I/�/� %
�X)@S ,�%� CN�12 ��)'��

)T.E.T ( �< &</&<�/p���"� �{�� #/ �7 �0/ �M�� �
)I.A, I.T ( R"2 �<ST/SA)��/,��C0/ n/&@�/jN�2 T/

��/,��C0/ n/&@�/jN�2 (A�� G"0&S ��/d��S �< &</&< �7 �)2

%/#c�)@� !"< T.E.T �)@� %I.A �0/ )b-2�(,�%� �� %

�"�/&' �JI*T"��
�� �/&T �&"')b-2�.($�� �< �M)S �< I,1<
)E !"E)���W] (�[��/� b-2�"�/&' !
/ !7&
# I�J �J3�.�

 
2- Typological Evolutionary Trend 
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H�/
Q

$�6C0�N \
 K,1J� �C2)' /�
3B I/&< % �0/ b-2 t�0/ &< 
!7&
# �)*<)�<3/)1+ �#"a10��� !(��� II�J�)*< b"-.S 

�%,A �� !7&
#��W �C��0 �M�� �0/ �/&' .!"1_PJ�9�)
!7&
#%�,"J I,2� GJ ["� \.N I�P'�� \
 ,
)��0/.

�P'�� �< �S�	�1� �"J �"S)"< �)M%I��/,� \.N .�"S)"< /&
#
/,M ,1
/&	 �"�%/ ���7
��"� h]��[./,M X): ��
3/["� h

�� $�%[	/ �P'�� �� �)M)� QB QB 3/["� �)*9S I��C�/ �� % �)2
/&< �P'�� �� �	�7I��/� �)M% �"S)"< �)*9S ]��[n&: #/ %

7 �0/ �)Z)*	 I%�A �P'�� &6
��� ���/% QB �< $/&PJ ,�/)S
�)2 �"S)"< ��CN�0.

/��<���/$ 
�!��&/�	 �/$!
���� =�&�� 
�k*U % [7&PSZr�"�/&' �� �J<"0% �< &C."c*�"�?A 

�� !7&
# Q/l��� X&C17 �C"�/&' �)2 .R"7&S \
 I/&<
 !"8�Q/l� !7&
# �"�?A �<"&C. #/ �8<�S 3/)1+ �< ��� 

�� Q)�@� ��)2�%�/
[r&PS !I)C@� �< I�%,A �S X?A 
��/� �6C�< ["� ]�����[)C@� !
/&<�1</IZr Q/l� R"7&S %

���7�� !7&
# I�J 3/)1+ �< ,1�/)S�#"^10��� !��JI
I/&< b�C�� �
�"P"2��� ��%B&<I�/&T $��4C0/ ��)� �P'�� 

�&"' ./&<I&2 �C�
�< �%� !
/ #/ $��4C0/ /
�)M% &
# s
2�< �C2/�1,]��[:

•,2�< t)1"�)�B�C� �C�
�< �P'�� �"J�� 
•$�&< ��/ �< �
 ��
&7)�[' I%�A �C�
�9� !7&
# �"8PM

,2�<.
•��/� ;
#)S `10 b7 �� �C�
�< !7&
# I�J % !6PJ

�CN/)1-
,12�< �C2/� .
•I�J�/�)P� �
�S %� &4S jN�2
�Q�"P7 &�1+ R�A &< 

,12�< �C2/� �41� �6C�9PJ �C�
�<.

6)�>�/ H(Q !7&
# �C�
� ��/%/&	 ;
#)S (!"6��"� �{��(I.A, I.T) �� �/�)P� (I.A, I.T)��
� b��-S,�%� %$,2 �90�@� �0�12(T.E.T.) 

�&��./ 8���/$ !��&/�	 �/$!
���� =�&�� ?

3)�
&J % 3)�S/%)����(]��[{</� c�!7&
# �"�?A !"< 
��� R"7&S %Q/l�< /� �>�)5 >�9L/ &
# �&r,�:

Ln D Zr, zircon/melt = {–3.80 – [0.85(M – 1)]} + 
12900/T [K] 
TZr = 12,900/[2.95 1 0.85M 1 ln (496,000/ 
Zrmelt)]. 

M!7&
# �"�?A �< �6C�< �7 �0/ �9"7&S �)C7�	 \
 
�< �9�� SiO2)"1"�)�B&E %�3�)< �Q/l�)��)"S�7 &�7(

0�@� &
# ��
&: �< % ��/��� �9 �)2:
M = (Na + K + 2.Ca)/ (Al.Si) 

3- Zircon saturation temperatures  

Ln DZr, zircon/melt : �k*U �9�� &�1+ �� G"�)7&
#
 ���7 �� 3)7&
# �k*U �< !7&
#Q/l��0/ %496,000 ppm
["� R�A &< G"�)7&
# �k*U �< &</&<�/,�� �� 3)"*"� �� 
Q/l��0/ .TR�A &< ���I!
)*7 � �90�@���)2.

�"J�� �< �M)S �<�"�/&'��8*T V�#/t)"1"�)�B�C� �P7 �S
D.S t)"1"�)�B&E"$,2 b]�=[!7&
# % ��
&7)�[' ,T�	 %

$�&< ��/ �<�0/ %�	&: #/��/� ;
#)S I/�/� !7&
# I�J
,1C�J !6PJ �� %�/�)P� G"�)7&
# R�A &< �"*"0 �
�S%� 

�� $,J�.� �41� �6C�9PJ �)2)b-2�(���G"�/)S/�%� #
90�@�c��� I�19�&< ���I!""8S I/&< !7&
# ]�92/ ��� I
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�8*T �"�/&' �� !7&
# ���7 �)*9S V��&r $��4C0/)X%,M�(
]��.[

�� �)k1� !
/ I/&< #/ GJ 3/)S�%� �%� #/ GJ % �90�@� 
��)P� G"0&S �%� �< $,2 ["���B I�JICP-MS  %ICP-AES 

I%��/�)P� $��4C0/ &r�.�D��1F b-2 �� ��
,$����)2 
�)*9S I��� !7&
#�)S !
/ ��K!"< I,"Z)C"�/&' ��W �%,A �S 

��W &"mC� �/&6"C��0 �M�� �0/,1J� 3�.� �7 K\
���I
�%,A �� s0)C� �)*9S °C�=� �)< ,J/)N .()*8� !
/&<�1<

�� ��� �< ��� !
/ �7 �)2II�19� &< $,�B �0� �< 
��
� !7&
# �0�12]�[�18
��W��0 �M�� I/�/� �/&6"C
�/)�PJ���/� �-
�[� .

���$�	 
� �9�)&<\.N I�P'�� \
 ,
)� !7&
#%�,"J I,2� GJ

�0/ .

� ,2� �).1�I�JR��U }100{�!7&
# I�J�)*< �� 3�)< Y�< 
��&' jN�2�
hJ�7 %&5�1+ U, P, Y !7&
# �)*9S !P� /� 

�� 3�.� ,1J�.
= (&J R��U ,2� !7&
# I�J }101{"��-�B 3�)< Y�< 1/� �C"

�� 3�.� `10 �P"2 �< �7 ,1J��/)�PJ���/� .
p ��
� �0�12��/� &6��"< !7&
# I�J$�6C0�N �C2)'/
�

3�)<�B���0.
� �)*9S I��� Ie)4� K�)S !
/��
� t�0/ &< �0�12 

��/� !7&
# I�J �%,A��W %^10��� I�19� &<�!7&
# ]�92/
!"<��W �S ��W �M�� �C��0 �/&' �0/.
� M)S �<�E)-0%&-"� ;:��� �� �-1
/ �< ��3/%/&	 �"S&E 

$/&PJ�<�"S)"< ���7 )�"�B (�� $,J�.� ��@� #/ �-1
/ % �)2
�"�/&' !
/ �
�"P"2)ZV �< �JA-type �"�/&' �J�C�</%,�/ �

�)M% \
 h�<�C2)'/
�$�6C0�N �� %/� \.N �
�P'��
 3)S)*E !
/ I/&<�� ,"
�S ,117.

6)�@!"< �41� �6C�9PJ h
�P� SiO2%Zr.

A�'%(�a
�C h
��#BIGP-MS/ES `10 I%� �8*T �C"�/&' I�J V��� >�90�@� a
�C� %��� I� !""8S % !7&
# ]�92/ ��I!7&
# �)*9S .
ELEMENT SiO2 Al2O3 CaO Na2O K2O Zr Zr  Saturation 

UNITS % % % % % ppm M Zr.sat TZr.sat.C 
N2-6 73/69 12/94 0/95 3/5 5/35 230/8 1/47 111/2 812/9
N1-4 68/07 14/99 2/46 3/65 5/25 458/4 1/67 131/4 862/5

N2-11 68/44 14/8 2/ 4 3/73 5/19 487 1/68 132/4 867/9

Na2-11 72/1 12/9 0/67 3/43 5/37 226/4 1/42 106/4 815/2
N3-8 72/8 13/47 0/76 3/56 5/37 232/7 1/41 105/1 818/9
N4-2 73/93 13/75 0/77 5/81 2/88 249/9 1/37 101/9 828/3

N2-4 72/31 13/6 0/87 3/88 4/8 268/5 1/41 105/8 831/6
N4-3 70/3 13/81 1/15 3/68 5/31 470/4 1/51 115/2 878/5
N1-2 73/35 13/39 0/79 3/36 5/58 299/1 1/4 104/7 842/9
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Na-2 73/69 12/94 0/95 3/5 5/35 230/8 1/47 111/2 812/9
Na-3 73/26 13/16 0/94 3/56 5/49 227 1/48 112/1 810/7

6)�B�� �/�)P� ZrR�A&< SiO2���I�� b"-.S K&C�' ��W �S ��W�C��0 �M�� �� �/&T �/&' �&"'.
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