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4p3K5 pp/pt Pi/i Oq/Q ON/iN OP/v NR/ip tv/iv vR/i Nq/v Op/tO
5p3K5 Ov/pt iP/i tP/Q qq/iP QO/v tO/iN Nq/ii QO/v Nv/v NO/tR
6p3K5 pN/pQ vN/P pq/t iN/iq qQ/v QO/iP Pi/ii QO/i Nq/v qP/tt
2p3K5 Pq/pO Ni/i iQ/R tN/ip qN/v RO/ip it/ii ip/i NR/v Qq/tt
4p3K5 iP/pt pq/i qQ/R ON/ip pO/v Qt/iN vR/ii iO/i pp/v Ov/tt
4p3K5-1 Qp/pQ tt/i NN/t NO/ip Ri/v Op/iP NO/ii pQ/v pq/v iO/tO
5p3K5-1 Qp/pt Nq/i Nv/R pQ/iN QN/v NQ/ip RQ/ii OQ/v NR/v RN/tt
6p3K5-1 Qp/pt Nq/i Nv/R pQ/iN QN/v NQ/ip RQ/ii OQ/v NR/v RN/tt
7p3K5-1 pv/pt qQ/i Pt/R Qt/iN Nv/v qp/ip tO/iv iP/i Nq/v PP/tt
8p3K5-1 NO/pQ RR/i iv/t RO/ip qt/v vi/iN Nv/ii Pq/i qQ/v RN/tO
1p3K5 vt/qi Ov/v vp/Q Qq/iP qO/v vQ/iq Qi/ii Rp/v pi/v tR/tO
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)06Z����<* ��F"
�M ����� ���% �<"* ��(��% � ��+83�? �3��( �� #K%/
LKM � 4/5"I�J C�' . . .���

��'& 9�)	)<$/"D�% �53�y� A�3- �( �'Z�$^"�%- .Mg# = Mg/(Fe+Mg).
9���� Si Ti Al AlIV AlVI Fe Fe+3 Fe+2 Fe# mg# Mn Mg Ca Na K B Ca B Na 

5p2jb34 Pv/Q iN/v Qp/P Ov/i Oq/v RQ/i Qv/v iQ/i pq/v qq/v vt/v iR/P Ot/i Pt/v vv/v Ot/i ii/v
6p2jb34 Nq/Q ip/v QP/P Qq/i tR/v Oq/i it/v QQ/i pt/v qi/v vO/v tq/i tQ/i PO/v vv/v tQ/i vp/v
7p2jb34 PO/Q ii/v pp/P RP/i Ri/v Rt/i Pv/i qt/v pp/v qQ/v vR/v NP/P Ov/i vv/v vv/v Ov/i vv/v
2p2k14 OR/Q ii/v vq/i vq/i vv/v tp/i tO/v tQ/v pv/v Qv/v vR/v tq/P Rt/i Nq/v vt/v Rt/i Pi/v
3p2k14 OO/Q iR/v iq/i iP/i vp/v Ri/i Oq/v OQ/v NQ/v Qp/v vN/v vq/N QO/i pP/v iv/v QO/i NP/v
1p2k14 Ri/Q iN/v iO/i iO/i vv/v RN/i ip/i qt/v Nq/v Qq/v vN/v PP/N Rp/i pp/v vO/v Rp/i PQ/v
3p2k14 tq/Q iR/v Pq/i vq/i Pv/v Ri/i Op/v OR/v NR/v QN/v vN/v tv/P qO/i pP/v vt/v qO/i pP/v
4p3K5 tR/Q iN/v ip/i vN/i ii/v QN/i vv/i QN/v Nq/v Qq/v iv/v vP/N Qq/i Pt/v vQ/v Qq/i Pt/v
5p3K5 ip/R iP/v iR/i OQ/v Nv/v qv/i qt/v ti/v NN/v QR/v vO/v tt/P Rp/i it/v vQ/v Rp/i it/v
6p3K5 QP/Q PP/v qt/i NO/i Pi/v Ov/i RO/v vN/i pv/v Qv/v vR/v Qt/P Ri/i pR/v vQ/v Ri/i Pt/v
2p3K5 RR/Q ip/v iO/i iO/i vv/v Rq/i PQ/i qv/v NQ/v Qp/v vQ/v vt/N QO/i Ni/v vR/v QO/i Ni/v
4p3K5 tP/Q iq/v PQ/i vO/i iR/v Rq/i OR/v OO/v NO/v QP/v vQ/v OR/P QR/i NP/v vO/v QR/i NP/v
4p3K5-

1
QR/Q Pi/v qR/i NN/i Pp/v RP/i tQ/v RQ/v Nt/v Qi/v vt/v Rp/P Rp/i iN/v vO/v Rp/i iN/v

5p3K5-
1

tO/Q ip/v Pi/i vP/i it/v qO/i Rv/v OO/v Np/v QQ/v vO/v vi/N RR/i PN/v vR/v RR/i PN/v
6p3K5-

1
tO/Q ip/v Pi/i vP/i it/v qO/i Rv/v OO/v Np/v QQ/v vO/v vi/N RR/i PN/v vR/v RR/i PN/v

7p3K5-
1

tp/Q iQ/v Pi/i vQ/i ip/v Qi/i tP/v Qt/v Nq/v Qq/v vp/v vp/N Qq/i Nv/v vQ/v Qq/i Nv/v
8p3K5-

1
Qq/Q it/v qp/i Nq/i iO/v RR/i OQ/v ti/v Nt/v Qi/v vR/v RO/P Rp/i Nq/v iv/v Rp/i PQ/v

1p3K5 it/R vO/v vv/i Oi/v Pv/v pt/i QQ/v ON/v NP/v QO/v vR/v iQ/N Rq/i Pv/v vR/v Rq/i Pv/v

��'&A�r�� �
FYD �
�8�4�56 )"7/8"�-�  �� �'#K%/
LKM C-#��( .$/"D�% �53�y� �
�M �( �'\$^"�%-.
9���� SiO2 Al2O3 FeO CaO Na2O K2O Total Si Al Ti Fe Ca Na K Or Ab An 

1p1jb10_Core iR/qQ tR/PQ pP/v vi/ii PQ/q Nq/v iO/ivv qN/P pN/i vv/v vP/v qN/v pQ/v vP/v tO/i pq/pq qO/qP
2p1jb10 OR/qq OP/PQ Nt/v pq/ii iv/q pi/v vp/ivv qP/P pN/i vv/v vi/v qq/v pq/v vP/v NP/P QP/pN vR/qp

3p1jb10_Rim Oi/qQ NN/Pq qP/v Ov/t NO/q pR/v Nv/tO  qO/P NQ/i vv/v vP/v pO/v pR/v vN/v RO/P pp/pO RO/pO
12p2k14 RR/qp Qq/PR Nq/v Rp/ii qP/q Pi/v Pp/ivv pO/P pR/i vv/v vi/v qR/v pO/v vi/v iq/i pR/pq NO/qN

1p2k14_Core QR/qq NP/PO NP/v iQ/O it/Q PP/v OR/tO  qi/P qi/i vv/v vi/v pv/v qp/v vi/v Ni/i iv/qR qt/pi
2p2k14 qq/qt RQ/Pq PN/v vQ/R it/O iN/v ti/ivv QN/P Np/i vv/v vi/v NN/v Rv/v vi/v QO/v PQ/QR vQ/NP
3p2k14 tQ/qQ Np/PR Nt/v iO/ii qN/q Pi/v QP/ivi qN/P pN/i vv/v vi/v qN/v pO/v vi/v iQ/i QO/pQ iQ/qP

4p2k14_Rim ii/Qq pp/Pp ii/v pP/q QQ/Q Nt/v iN/ivP Ov/P Pp/i vv/v vv/v Pq/v qq/v vP/v qO/P it/QR Pp/Nv
5p2k14_Core Rp/qQ Qi/PR Nq/v pp/ii pp/q it/v RR/ivi qi/P pp/i vv/v vi/v qp/v pR/v vi/v vp/i RQ/pq Pv/qN
6p2k14_Rim ON/qQ pv/PR Nq/v qO/ii pQ/q PO/v Ot/ivi qP/P pN/i vv/v vi/v qq/v pR/v vP/v qN/i NQ/pq ii/qN
1p2k14_Core OP/qp Rt/PO Pq/v vi/iP it/p ip/v Pv/ivv pQ/P qP/i vv/v vi/v qO/v NQ/v vi/v Op/v NO/NO Rt/Qv

2p2k14 vi/Qv qN/PR PO/v vq/t pN/Q PN/v qP/ivN qt/P pv/i vv/v vi/v pP/v qp/v vi/v NN/i qi/qq iQ/pN
3p2k14_Rim iq/qR QQ/PR Nq/v tP/iv vO/Q Pp/v pv/ivP qP/P pp/i vv/v vi/v qP/v qP/v vi/v Pt/i qP/pt it/pt
1p3k5_Core qP/qO ip/PR PR/v NO/t PO/Q PQ/v Op/ivi qO/P pi/i vv/v vi/v pp/v qp/v vi/v pp/i tt/qN qR/pp

3p3k5 Ov/qR PQ/PR ii/v RR/t pi/Q PP/v qR/ivi qq/P pP/i vv/v vv/v pQ/v qq/v vi/v PP/i QP/qN iQ/pq
4p3k5_Rim OQ/qR OP/PR iO/v vN/iv iO/Q iN/v Pv/ivP qp/P pp/i vv/v vi/v pR/v qN/v vi/v RP/v NP/qP tQ/pQ
1p3k5_Core OP/qQ Qv/PR iO/v Qt/t tR/q Pi/v pQ/ivv qp/P pq/i vv/v vi/v pQ/v qP/v vi/v iO/i vO/qP Rq/pQ
2p3k5_Rim Nv/qt iR/PR iO/v tq/O tR/Q iQ/v RP/ivP qt/P pv/i vv/v vi/v pP/v qt/v vi/v Oq/v vi/qO ip/pi
3p3k5_Core vt/qt Op/PR Pi/v Pq/t Qi/Q ip/v ip/ivN qR/P pN/i vv/v vi/v pN/v qQ/v vi/v Rt/v tR/qq Pp/pN

4p3k5 ii/qR pq/PR iO/v pv/t tR/q iQ/v PO/ivv qq/P pp/i vv/v vi/v pq/v qP/v vi/v tQ/v tQ/qP vO/pQ
6p3k5_Rim NO/qR iQ/PO it/v vp/iv ip/Q ip/v vp/ivP qN/P pQ/i vv/v vi/v pR/v qP/v vi/v Rt/v iv/qP iP/pR
1p3k5_Core tP/qQ Op/PR NN/v tt/t QP/q it/v OO/ivv qN/P pQ/i vv/v vi/v pO/v pO/v vi/v ii/i OQ/pt vN/pt

2p3k5 vt/qt Np/PR it/v iQ/t qq/Q PR/v Qv/ivP qO/P pi/i vv/v vi/v pN/v qq/v vP/v qi/i qO/qq tP/pP
3p3k5_Rim Qi/qQ Qv/PO Pi/v QQ/iv pt/q ip/v Ri/ivi qv/P pt/i vv/v vi/v qv/v pR/v vi/v Rt/v OO/pR NN/qi

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

6.
3.

75
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

24
-0

4-
19

 ]
 

                             5 / 16

http://dx.doi.org/10.29252/ijcm.26.3.751
http://ijcm.ir/article-1-1156-fa.html


C)<m- �$�
�-�� ��/H�(�/M $-�
- �3�&* ���% � �3�&*�/0( �0Y� ���

���
� � I>� 
���� ���J� 

�������:$�&U )* �8I  �%�:�� #- 4/5"I�J ���% ����% !
�D-
C�' 4��56 )�"7/8"�-�  �� �/6/� !
F"&���	 #���( ��3- .�
��8�

$J C��8?�3 4/��	 �53�y� 4/�5"I�J ��-)��83- 4/��	 �(�&( �'
AB2C5

IVT8O22(OH)2]Z�[��
�M ��( CZ�� $^"��%-��
;/� �� $/"D�% 4�)6 �� ��6� �,' � ��6� ��U �"e��7-�-

�)*)�- .��-)� Si ���/<� 4/5"I�J ��/�� C��' ��3��( �Z]/���D
��/���/��	 )m-� �� :D-� ��-)� Na2O$J ��D �I�G �'QO/i

�3-)4�)6i.(���+
�6 �� �/6/� :"�0% �-)�� �( �6/D �(B
)BCa(�qO/i���DtQ/i���+
�6 �� �/��6/� :
)��3 �-)���� � `�B
)BNa(�D �IG �pP/v4/5"I�J �"��0% g/�� #- ��'�<�"��,D

�)* ��-�)�- �% ���-�/< >6�� ]Pi[)E2*No�-(��8I  !
- 
-� �� )"
�D)&% )E2*No�-.(4/5"I�J �/nm "��0% C��'�<

ld B&3 �� ����,� C)�"7/8"�-�  ��/D C�' !�
- �+8��(-� #- C-
B&3��/D �( �' g/� Ca/I� C�'I�3-]PP=PN[.4/�5"I�J ��'

C)���&( ��� �� >���6�� �� �)���* ����7-�- ]Pi[�����+
�6 ��
'/
F&+� )��-� �-�; �"%���U � )&05��/)E2*N9.(��( �)�"�1 

$-����2<' � ��"� ]Pi[�4/��5"I�J #- ���8<% �
���< �� C��'N/R
z"0"3���m �� �)��-�4/5"I�J �%#- _"( z"0"3 �( �
�' !
-

#- �)�J�( �-)�� )&
-�	 ��
# ���<Y�- b�? )&8��' ]Pp�Pq[��( �
�
���� �( �6/DSi ���/<� �� ���3��( ��/�� C��' 4/�5"I�J ��'

 �
�< ��)&8�' )4�)6 i.($/"D�% g/<Y� A�3-�( !"&}<'-
C�'Na+K+Ca �( �5��Si ��4/5"I�J $-/D � !�
�aJ C��'

 ��% -)6 :' -� $/ � �]PQ.[��� !
- �( �6/D�( ���/<� �C)&(-
��8�  �� �3��( ��/� C�' 4/�5"I�J CC��' �)��J�( �/�05D #-

�8	�  �-�; �< �� )�-)E2*p.(TDs-�""Ti ��( �5���AlIV ��
4�)6i�)&'� $�,�� C�-)� Ti ��8<% #-q/v4/���	 �� :�D-

4/5"I�J C��8?�3�3�' ._'�% �(Al � ���6���U�-)� Ti ��
4/5"I�J�� _'�% �' _
-F�	- #- ��*�� �% �)(�
Si ��8?��3 ��

 �3�< �� _
-)6 �	�,"M �+��,� � C�/0(]PR.[

0

0.5

1

5.5 6 6.5 7 7.5 8

M
g/

M
g+

Fe
+2

Si

Tremolite

Actinolite

Fero
Actinolite

Tr
Hbl

Act
Hbl

Fe
Act
Hbl

Magnesio
Hornblende

Ferro
Hornblende

Tsch
Hbl

Fe
Tsch
Hbl

Ferro
Tschermakite

Tschermakite

ب

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00

B
Na

B Na+ BCa

Fe-Mg-Mn

Calcic

Na-Ca

Alkali

الفالف

;5�Ko�- (���C)&( 4/5"I�J4�56 )"7/8"�-�  C�'$J �
�"<"* S"%�D A�3- �( #��(�'.9(:"��D �-�/<�4/5"I�J C)&( �']Pi[��� $�,� �%-
$J �% )'��� �-�; �"%���U � )&05��/'/
F&+� ��+
�6 �� �')��" .

1.5

2

2.5

3

6 6.5 7 7.5 8

Na
+C

a+
K

Si

Igneous

Metamorphic

;5� L4/5"I�J C#�3-)6� � #- �)�J�( !"&}<' � !
�aJ C�')&
-�	 #- �)�J�( C�'�( ��/  C��* X��]PQ.[

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

6.
3.

75
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

24
-0

4-
19

 ]
 

                             6 / 16

http://dx.doi.org/10.29252/ijcm.26.3.751
http://ijcm.ir/article-1-1156-fa.html


)06Z����<* ��F"
�M ����� ���% �<"* ��(��% � ��+83�? �3��( �� #K%/
LKM � 4/5"I�J C�' . . .���

!
- ���_'�^M ��� �"�,D C-�(=��+83�? � ��,	
B&34/5"I�J #- �3��( ��/� C�' �% )&05��/'/
F&+� C�'

 �Y"8� ���I83- �)&8�' �< �� #- :"�8�� �/05D�3- �)*.
����M����:�����% !
��8�-�-�	 #- #K%/�
LKM ���0	 C��' ��/��D

 C)���"7/8"�-�  ����3��( ��/����&8����').C��8?����3 4/�����	
 A�3-�( �'#K%/
LKMO�� �53�y� $^"�%-�/* .�Y"8��
FYD 

���% !
- 4�)�6 �� ��' P�)�* ��7-�--��3 .�
�"<"�* S�"%�D
 ��"T8� !
#)�J �D #K%/+"�- #- C)"7/8"�-�  ��/D �� �'#K%/
LKM

 �3-)E2*�o�-.(��-/� �?�( ���C-�-� #K%/�
LKM C�'�/0(
��r&� ��1 C)�&( ����3/� � C� � ��/�( �-)��� $J �� ��"5�J ��'

NO/NO �DPQ/QR )G�� ��3- )4�)�6P.(C��'�/0( C)�&(/+�-
 E2* �� #K%/
LKMq9��-� $�,� �3- �)* .

9J ��,	 s-�""TD )&��� �0�-/1]Z\[�
�< �� �+8�"�J
]Pt[�< �� �
�"<"* S"%�D �""TD �]Pp[4��eD .)1 �

�( �
�"<"*
-�* �""TD �01 :8�"3 �2"��&
�/��D � �2
F"	 b
�< �� �/05D �c �
�< ��]Nv[s�5"%�D ��,8�- �1�3 �""TD �

�)�#�3�/0( �r3 �( �5�� ���% C]��[#- �*����r&� C)&(
�(��r&� �^
��3- #K%/
LKM ���% �� ���3/� C)&( .C�"+
�6

�� ��,	 _'�% S6/� �83/M �� �< �� >
�3 [��? �% �/*
 �'���(�&y&� S"* $)* �I&� ����-� �M �� -� ��<Y�- C�'

 C�'�,; 4Ky�- � �<"�0% C�'�,; �/05D S6/� �-)
�� !
-

�<
)3�� �D �/*]NP.[C�')"7/8"�-�  �)* ���*- �% $�&U
)&8�' _�-���	 �( �8�(-� C�')"7/8"�-�  g/� #- �3��( ��/� 

]iP=iq[c �)�����	 �;�� #- 9J $)* �-#J �Y"8��� �_
-F	- �
�83/M s�5"%�D ���,	_&%-� �	�,"M �C- � ��/ � � C�'

9/3��yIG �-�<' C�' �
�"<"*/2
F"	 b
-�* �( �)�����	 C
�3- ��/( ��/� �'�/0( E"2,D b"y�]NN[s-�""TD �( �6/D �( �

�� ��-� �� $^"�%- � )�F
�  s-�""TD � �< �� �
�"<"*
�% �/nm !"&}<' � �3��( ��/� ��r&���9J C�'�� �-� $-/D

��r&� � S"%�D s-�""TD �� -� 9J _�� �'#K%/
LKM C)&(
���-� ��/� ._
��#J �( �6/D �( !"&}<' .�Y�- �(�YD C�'

 9J �-)�� �% �3- �)* ��,� ��'#K%/
LKM ��/� �� �% �)*
 )G�� �( �< �� �� �/6/�An �FeO �r(-� ��-� �<"�8�� C

]Np.[g�5*- >;-� �� �
-F�( �"��D 9J #- �< �� $�/5� �
 $�/(
 ��-� �/0( � �#-)  !"( !'J ��,8�- ��]Nq.[!'J �-)��

 � )�F
�  �-)�� � 9-�� �� 9J � z"0"3 �-)�� �( #K%/
LKM
�� _'�% ��� _
-F	- �( � �8	�
 _
-F	- $^"�%- )(�
]NQ.[

�
���� ��
���FeO ��/D �� �/6/� C�'#K%/
LKM ��ii/v�D
qP/v�� $�,� �� �"D�/�J )G�� �5�� _
-F	- �% )'�

 #- ��/D C�'#K%/
LKM)ip/pi �DRt/Qv (���( d/(�� )�-/D
 �� 9J �"��D �( �+
� �0"�� � ��/D C�< �� �� �8,"( 9J �-)��

��r&� � S"%�D s-�""TD)*�( �'#K%/
LKM C)&(.

20
25
30
35
40
45
50
55
60
65

A
n

%

1-3p1jb10
1-4p2k14
5-6p2k14
1-3p2k14
1,3-4p3k5
1-2p3k5
3-4,6p3k5
1-3p3k5

Core Rim

ب

الف

Sanidine

Anorthoclase

Albite

Oligoclase Andesine
Labradorite

Bytownite

Anorthite

Ab An

Or

;5�No�- (����� �'#K%/
LKM C)&( 4�56 )"7/8"�-� #��( .9(��r&� C/+�-4�56 )"7/8"�-�  �� �5� �( F%�� #- #K%/
LKM C�'�/0( C)&(#��(.

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

6.
3.

75
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

24
-0

4-
19

 ]
 

                             7 / 16

http://dx.doi.org/10.29252/ijcm.26.3.751
http://ijcm.ir/article-1-1156-fa.html


C)<m- �$�
�-�� ��/H�(�/M $-�
- �3�&* ���% � �3�&*�/0( �0Y� ��\

��OC ������& '�(����)
* ������� � ����� �	����) �� ����
������� P��
C �) 

4/5"I�J �
�"<"* S"%�D #- ���I83- �( �% �'#-s�er; �3��(
���+"( B&3C�' 8*/ �C-!""eD �)* )�-]NR[��$-/D
b"y�!"�# C�'�( o08�� �8?�3b"y� F
�<D �^
�� C�'$�� 
�yIG C- A�3-�( -� _�-���	 ��,�4/5"I�J ���% C�'

�_�-���	 b"y� �( �8�(-� �-)�� Na2O�TiO2!"
�M C�D
� g/� �( �5��$�� �yIG )��-� C-]NO.[�-)��Na2O

4/5"I�JB&3 C�' C�' #- �8<% �% ��3��( ��/�wt%P��3-
!"�# b"y� �( -� ���% !
- d�5D�-�� !*�� �,�-���	 �8?�3-

)&%)E2*Qo�-.(�(�-)�� �( �6/D Na2O�MgO �Al2O3

�( �5�� TiO2���4/5"I�J �"'�� �( $-/D #- �'�W��
 �
�"0;
 �5*�M �$�/( �
�"0;��( .4/5"I�J �
�"0; �5* C�'C-�-� Ti �

K�Na �Al !"
�M �( �5�� C�D4/5"I�J C�' �
�"0;)&8�' 
]Nt.[g/�/� !
- �( �6/D �(�)
� ��4/5"I�J �% �/* C�'

�5* �8*�3 �3��( ��/� )��-� �
�"0;)E2*C�'Q� � 9.(
�
�8� �( �-)
�� !
-�3��(C�' B&3 �<"* ��/� �� !","M

��/<� !
- E%�% �'� ^
� �2'J =-� �
�"0; ��/D !
- C-�(
�8	�  �W� �� C)"7/8"�-� )�-:' ���-� ��-/?]ii=iq.[�3��(

4/5"I�J S"%�D �-�/<� �( �6/D �( �'TiO2�( �5�� Al2O3

))"�%- )G�� S�m�(] (pv[�8*/  C�< �� �/nm � C-
�83/M s�5"%�D$J E"2,D �� C-�� $�,� -� �' )'� 

)E2*Qs.(
�-)��q/iAlIV=�(-/&1!"�# b"y� _
-)6 #�� $�8?�3
4/5"I�J�3- �)* �8	�  �W� �� �' .�
���� �% S"D�D !
- �(
 #- _"(q/i$�,�4/5"I�J �)&'� ��)m �� ���( ��,	 C�'iv

b"y� �� �% ���(/0"%�8	�  E2* �3/; �
-F6 C�' � )&8�' )�-
 #- �8<% �
����q/i4/5"I�J �( d/(�����; 4�e	 ��-�% C�' C-

��)�/* ]pi.[�-)�� �( �6/D �( S"D�D !
- �(AlIV)4�)6i(�
4/5"I�J �<' #- �8<% �
���� �3��( ��/� ��r&� C�'q/i

���; 4�e	 ��-�% ��<0; �� � )��-� �-�; _�-���	 �( �8�(-� C-
��_'�^M �
�8� �( �% )��"  !","M C�']ii=iq[��-/�<'
��-�.

0

1

2

3

4

5

0 2 4 6 8

Na
2O

(w
t.

%
)

TiO2 (wt. %)

ب

Subalkaline

0

1

2

3

4

5

35 40 45 50 55

Na
2O

(w
t.

%
)

SiO2 (wt. %)

Intraplate Amphibole

Subduction Amphibole

الف

 

0

1

2

3

4

5

0 5 10 15 20

Ti
O 2

(w
t.%

)

Al2O3 (wt. %)

ت

Mantle  sourceCrust-mantle
mixed source

0

4

8

12

16

20

0 2 4 6 8

M
gO

(w
t.%

)

TiO2 (wt. %)

پ

;5�Qo�- (�-�/<�Na2O�( �5��SiO2]NO[$�,� �% 4/5"I�J d�5D�- �)&'�!"�# b"y� �( �3��( ��/� C�'�3- �,�-���	 �8?�3 .
� �9 (C�'�-�/<�Na2O-TiO2�MgO-TiO2]pv[4�56 C�')"7/8"�-�  �"'�� !""eD C-�(4/5"I�J �<"* S"%�D #- ���I83- �( #��(�'.

s(�-�/<�TiO2-Al2O3]pi[��"( �%�8*/  C�< �� S"%�D �+�83/M �-/� �( C-�3- �')&05��/' E"2,D �� C-.

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

6.
3.

75
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

24
-0

4-
19

 ]
 

                             8 / 16

http://dx.doi.org/10.29252/ijcm.26.3.751
http://ijcm.ir/article-1-1156-fa.html


)06Z����<* ��F"
�M ����� ���% �<"* ��(��% � ��+83�? �3��( �� #K%/
LKM � 4/5"I�J C�' . . .���

�+
� �*��!""eD C-�( �
�< �� ��+83�?�
�M�( �-)�� �
:
F"&� �)1)Mg# ( )&05��/' ���3- ]pP�pN.[$�/( �D��(

� !
-�-)� #-R/v�8*/  ��+83�? �+��,� #- $J $�/( �8<% � C-
q/v���,�83/M ��+83�? C�C-�3- .!"( �
����R/v�q/v

�+��"( ��+83�? ���' ���?�)�83/M�8*/  � C-C-(E"2,D ��
 �3�< ��]pP=pN.[��/� ��r&� C�')&05��/' ���3��( !
-
 �� �-)�� ��8� QO/v=qi/v�$�,� C�< �� �� �' _�� �)&'�

�83/M�8*/  � C-$J s�5"%�D �+8�"�J � C-�'�3.

��	 ���!�$%�"#�� 
��� �� ���% !
�8�( 4/5"I�J =B&3 �Y&3��,	�2'J C�' =

�3- �
�"0; .�� �5
��D ���% !
-�<' ��/D�2'J C�/I� C�' =
S"%�D �( �6/D $�)( �
�"0;C#�( C�' =C)"3- �
 b3-�)m

�� �/058� �
�"<"* S"%�D � C��8?�3 g/&D �( �6/D �( � �/*
 #- ��,	 ��8�  �� 4/5"I�J��DZ�0"% C��� � ��(/�]] �D

���] �8��3 �6�� �-)
�M �-� �3- ]ZZ.[�
���� �53�y� 
AlVI �AltA�3- 4/5"I�J S"%�D #- ���I83- �( ��,	 _Y&3

 �3-]��.[�-)��Al 4/5"I�J �� �/6/� �0% d�5D�- �'
��/D C�"+
�6 l<1 �( :"�8����-� �' .�(C�/c �U�' �%

 �-)��Al "( 4/5"I�J �� �/6/� �)* �53�y� l<1 )*�( �8,
 �/( )'-/? �8,"(]��.[4/5"I�J �� �,' :"&�/�J �-)�� �'

��6� (AlVI):"�8�� �r(-� ��� �( ��-� .�r(-� !
-�(�-)��
 F"� �< �� 9J�3- �8�(-� ]pi.[�-)�� �( F"� ��,	AlVI �"��D

��-� .���m �� �-)���( ��-)&U �"��D B&3 �
�"<"* S"%�D �%
&�/�J ��-)� 4/5"I�J C�/0( �25* �� ��6� �,' :"]��.[
�85�- �&8I  �% �3-�( �4/5"I�J S"%�D #- ���I83- C-�( $-/&1

 ��� � ��,; �(�
#�- C-�( C��"e����% �8�
F<' �FD�-/% C�'
 �
 �"8&+� ��"D/"( �)&05��/' �#K%/
LKM �:"3�8M��H3)0	

 �3- C���� �3��( ��/� B&3 �� �"&"<0
-]PP.[
�"<*-]pR[����e� �-)��� �( �r(-� �� C-Alt)�&05��/' ��

B&3 �� $J �/05D ��,	 �"�,D C-�( ��7-�- C)�"7/8"�-�  C��'
�3- ���% .X�� !
- ���� �( �6/D �( ��,	�-)� �/6/� :"&�/�J

 !8	�  �W� �� $�)( � )&05��/' �� �
��3 ��I�/� ��' $/�U ����
�� �53�y��/* .s��51 ����e� !
-#- �3- :

P (0.6kbar) = -3.01 + 4.76Alt

P� ��(/0"% S�m�( ��,	AltE% :"&�/�J �-)��AlIV+AlVI)(

�3- 4/5"I�J S"%�D .�( ��,	 !"+��"� �/05D �� �)�J �3�
��/<� �� )&05��/' �3��( ��/� C�'RN/P�3- ��(/0"% .C-�(
D #- ��,	 �53�y�S"%� ����e� �3 6-��>]pR�pO[�r(-� �

�Y&3��� >6��]pt[����e� )* �7-�- C-]p[:

P (0.6 kbar) = -3.01 + 4.76 Alt {(T[oC] -675)/85}
× {Alt 0.53 + 0.005294 × (T[oC] – 675)} 
 

�-)�� �( ��,	 � ��� �"��D ����e� !
- ��Al ��( ���,� �(/�?
�3- .��( ����e� �( �6/D �(��/<� �� /�� C��' �� ��3��( ���,	

( !"+��"� )�&05��/' �/05D C-�Qp/i)�* ���J��( ���(/0"% .!�
-
X�� �( �5�� �r? !
�8<% C-�-� �r(-��3- �+
� C�'.

E2* A�3-�( Ro�-�4/5"I�J ��r&� C�')"7/8"�-�  C�'
 ��/��3��( #- �8,"( �D �
 #- �8<% ��,	 ��8�  ��N��(/0"%

 ) �5
��D l<1 !"+��"�p/R/0"%�8� (�)* �/058�)�- .E
)5D C-�(
�( C�'��,	 !"+��"� #- ��8�/0"% S�m�( l<1 �( �)�J �3�

���; �83/M ���+U C-)g/cm3R/P(�� ���I83- �/*]pq.[
X��2<' � A�"M]qv[iv��3 9�a #- )G���8*/  ��% C-

 -� ��- ��4/0y� �-�	 �-/� #- �&� C�'�)�J�( �3/��";- �83/M #-
-���	 #- _"( � �)�iq$J )G�� � ��,	 �	- �( �8�(-� -�

B&3 C-�583���; ��% C-�8*-�)�- .S"D�D !
)(�:Ym�)<1C-
)"�/D �8
�/
� C�< �� #- �)*�( ��� a/I� �83/M $���)&% .
4/0y� �2&
- �( �6/D �( �-�	 �-/� #- �&� C�'�)�J�( �83/M #-

83 � ��,	 �	- � �)�-���	 �3/��";-B&3 C-�5���; ��% C-
��3 �,�( 9�a S6/��8*/  ��%�� C- �Y"8� �� ��/*

 :Ym�)<1 C- )"�/D �8
�/
� C�< �� #- �)*�( ��83/M $���
�� a/I�)&% .�I�/� �( �83/M �"��D )&U�' C�< �� ��/<1 C�'
 �)�J�(�( �8
�/
� C�< �� ��- ��3- :% _�-���	 #-��� $

���; �83/M �83/M #- �/51 .�+&' � ���% a/I� CF%�� $-�
- C-
���; ��)m �
-�583 �( C-qv�8�/0"% �� ��-_
-)6 � �
�< ��

�83/M _
�J C-$/ � � 4�56 C)"7/8"�-�  ��/D � �)* -� #��(
 �)* !
F+
�6 � E"2,D �)* �8I  l<1 �� �% ��-� E"2,D

�3- .C)'-/*��-� �	�( $/UF
� �	�( �b3/8� ��-� �D
 ���3� � ��20<1 �C�"	/�-� �(���  ��/<� �� �'-�<' ��'

B&3:' ���,I,DJ C�' :' � !3 �( �Ca/I� �1/<Y� �( S"%�D
4�56 )"7/8"�-�  C�"+
�6 ~�	 :% C�'��,	 �� #��( ��-/�<'

 ��-�]qi.[

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

6.
3.

75
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

24
-0

4-
19

 ]
 

                             9 / 16

http://dx.doi.org/10.29252/ijcm.26.3.751
http://ijcm.ir/article-1-1156-fa.html


C)<m- �$�
�-�� ��/H�(�/M $-�
- �3�&* ���% � �3�&*�/0( �0Y� ��]

0

0.2

0.4

0.6

0.8

1

0.5 1 1.5 2 2.5

Fe
t /F

et +
M

g

Al t

الف

1Kbar 3Kbar 5Kbar 7Kbar

 
;5�Ro�- (�-�/<�Fet

/(Fet+Mg) �( �5��Alt�%��8�  C4�56 )"7/8"�-�  E"2,D ��,	�� $�,� -� #��()'� ]pR[.9(�-)�� s-�""TD �-�/<�
AlIIV �( �5��Ti �53�y� C-�(4/5"I�J E"2,D C��� �5
��D C4�56 )"7/8"�-�  C�' #��(]qP.[

����"#���	 
�� _
-F	- ��� �( )&05��/' :"��8"D �-)�� �2&
- �( �6/D �( )(�


]p[#- ���I83- �( ��� :"��8"D �( �5�� :"&�/�J �-)�� s-�""TD
4/5"I�J ��/��	 )m-� �']qP[�� �!
- E"2,D C��� $-/D

���% ��% �53�y� -� �')E2*R9.(�
�M �( �Y&3��� X��
#K%/
LKM ���% [�#=X�� #- �)&05��/' �Y&3��� 4�-)8� C�'

��/D C-�(�2'J C�' =�� 9/�y� �
�"0; �/*]PP.[X�� ��
 >6�� �� �)* �7-�-]pO[_&%-� A�3-�( �Y&3��� �%

�"��J=4/5"I�J [�# #- ���I83- �( �"�/��D=.�Y�- #K%/
LKM
���( #K%/
LKM � )&05��/' �% �3- .#� ��/* ��
F<' s�/G

 ���&% );�	 )&05��/' �)&*�( �8*-� �/nm :' ��&% ��
 )*�( �8"�/&"8%-]qN[K%/
LKM ���&% S"%�D �#�� �/6/� C�'

 !"( B&3An25�An35)*�(]pp.[X�� !
- �( �Y&3���
�� .�Y�- �
# �r(-� A�3-�( �%B&3 �� ��&D ��/* C)"3- C�'

 �( #K%/
LKM S"%�D C-�-� �% �-�FD�-/% b3-�)m �An<0.92 
�Si #- �8<% 4/5"I�JO/RC�'��� C-�( � ��-� ��(��% �)&8�'

qvv �Diivv 8��3 �6�� �3- ���I83- E(�; �-�+"]qp:[

T [±311 K] = 0.677P [kbar] – 48.98+Yab /-0.0429-
0.0083144 ln (Si-4/8-Si)X Ab Plg 

$J �� �%X Ab Plg:�-)��� � #K%/
LKM �� �"5�J )G�� $-F"�
Yab �� �3� �( �
# b(-�� #-)
J 

XAb> 0.5,YAb = 0

XAb< 0.5,YAb = 8.06 + 25.5(1 - XAb)2

�� #K%/
LKM 4/5"I�J 4��eD C��� �X�� !
- #- ���I83- �(
4�56 C)"7/8"�-�  #- #��(RNR �DOQN �""TD �-�+"8��3 �6��

��)&% .
X��2<' � )&0']q[_&%-� A�3-�( -� C�+
� �&3���

�"��-=B&3 �� �% )��-� ���&,"M �
�8,
� � !
�aJ C�'
FD�-/% ��/ � �( � �-���-� ��(��% FD�-/% $�) .�Y&3��� !
-

 �3- �
# �r(-� A�3-�(:

T [K] = {78.44 + Yab-an – 33.6XNa
M4 – (66.8 –2.92P 

[kbar])XAl
M2 + 78.5 XAl

T1 + Ln0.0721 -R{9.4XNa
A}

/[(27XNa
M4XSi

T1XAn
plg)/(64XCa

M4XAl
T1XA} bplg)] 

 

�r(-� !
- ��T� !
/0% �6�� S�m�( 4��eD C���P	��,
�3- ��(/0"% S�m�(.

�6/D �(�(�r(-� ��( �� #K%/
LKM 4/5"I�J 4��eD C���
4�56 C)"7/8"�-�  #- #��(OOv =Rii �""TD �-�+"8��3 �6��

��)&%.
�% C�+
� X��>6�� �� ]pt[C-�( �3- �)* �7-�-

 #K%/
LKM �( ��
F<' )&05��/' 4��eD C��� !""eD ��,	 ��
Pv=i � ��(/0"%�"D�<' � )�F
� =FD�-/% � �"8&+�=

�"��
�	 =�"8&+� )HM-QFM (�3- �)* �8	�  �W� ��.
T [°C] = 654.9 + 25.3P  

4/��	 !
- A�3-�(���/� )"7/8"�-�  C��� !"+��"��3��( 
RPv �8��3 �6���( �-�  �Y&3��� �
�8� �( �% �)�J �3�

 >6��]qv["�(�3- �
�F� �� .!
�8<% �!
�8,"( !"+��"� �
4�)6 �� �)�J �3)( C�'��� � �'��,	N�)* �7-�-)�-.

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

6.
3.

75
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

24
-0

4-
19

 ]
 

                            10 / 16

http://dx.doi.org/10.29252/ijcm.26.3.751
http://ijcm.ir/article-1-1156-fa.html


)06Z����<* ��F"
�M ����� ���% �<"* ��(��% � ��+83�? �3��( �� #K%/
LKM � 4/5"I�J C�' . . .���

-E�S�) �*'�T�
* 	���
� 
��,	 �( �6/D �(�7F6 �� $^"�%- �
�"<"*/2
F"	 b
-�* $-/D

��/D �/05D �( :%�m��% ���J�( -� C�/I� C�' .� )�F
�  �-)��
�( �< �� $^"�%- � �-/� z&6!"�# ��+
�6 � �< �� >5&� �-

�3- �8�(-� $J �8?�3]qN[��+83�? �( �8"�-�  C�'�< �� `
�(/3�)g/�S(�"�-�  � )��-� �"m- ���m �8,"( g/� C�'I

)&8�' $-)"�%- �85��]pp.[�%- �( �'�< ���
_#�� �� ��(
�;���� E"2,D -�+<' C�' )�/*]qq[��0	 C�'�< �� ��� �

_
-)6 �Y"8� lc�&� �� �8*/  C�'�< ���8	�% )&8�' �"m- �
]qQ[.���% #- ���I83- �( �1�	 C�' )&��� � �"&<0
- � �"8&+�

���% �1/<Y����% �<"* � B&3 C�'�� �' $-F"� �( $-/D
�M �'�< �� �"��- $^"�%- � )�F
�  ��(]qN.[4/5"I�J �/6�-

$�,� :
F"&� #- �&� C�'�)&'��'�< �� C�(�5�� �%- �,
�
�3- .�( E2*�/? �"8&+� � �"��8"D �/6� C�'#�	 $-/&1

 �)* �/058�!","M B&3 �����,� ��0	 C�'�+
� CC#-
C�< �� �/nm �(��%- �5���,
 �3-]qN.[

�
FYD �
�8��r�� C�'4/5"I�J C- �')4�)6i(�/6� �+��"(
4/5"I�JB&3 !
- �� :
F"&� #- �&� C�'�� $�,� �% ��3�'-

$J �)&'� E"2,D C�< �� �% )'� ��/( �,
��%- �5�� �( �'
�3- .�"��8"D �1/<Y� #- ���I83- �( +�"8&+� �� FD�-/% �
B&3�� �8"�-�  C�' #- $^"�%- -� �5�� � )�F
�  $-/D

��% ���J�( �
# ����e�.

log ƒO2 (bars) = -30930/T(k) + 14.98 + 
0.142(P(bars) -1)/T(k) 

X�� �+
� #-B&3 �� $^"�%- � )�F
�  �-)�� _Y&3 C�'-
4/5"I�J S"%�D �3��( �Ca/I� C�' �W� #- �% �3- �
�'

 C-�-� �
�"<"*Rq/vAlIV>�N/vFet
/( Fet+Mg)> Fe#= 

)&8�']p.[�D �IG !"( �5�� !
- � -Q/v�)&'� $�,� �)*�(
$^"��- C��( � )�F
�  �-)�� �O/v=Q/v� )�F
�  �+��"(

 #- � b3-�)m $^"��-O/v� )�F
�  �)&'� $�,� )*�( �
 �D
 �3- $^"��- !"
�M .4/5"I�J �( �)* �3��( C�'pt/v–

NP/v=#Fe�� $�,� �(/�( -� $^"�%- � )�F
�  $�/( ��( �-
)&'�)E2*O.(z"0"3 �"��e	 � $^"�%- � )�F
�  �� �""TD

D �1�( �
�< ��4/5"I�J S"%�D �� �""T�� �' �( >;-� �� ��/*
 �$^"�%- � )�F
�  _'�%Fe2+� C�8,"( �-)�� �(Fe3+�(

�� !
F+
�6 )&05��/' �25* �� C�8<% �-)�� !"&}<' ��/*
 �5�� $�/( ��(Fe3+

/Fe2+�( :
F"&� �8,"( �&",��6 �1�( -
�0"3��� :"&�/�J �/*]PP.[

� #- ���I83- �( �Y"8� �� >6�� �� �)* �7-�- ����e]pQ[�
)&05��/' �Y&3��� #- �)* ����J�( C�'��,	 � �'��� !"+��"�=

�Y&3��,	 � #K%/
LKMAl � )�F
�  �-)�� �)&05��/'
4�56 )"7/8"�-�  $^"�%- #��()qR/iN=log ƒO2=(�3� �(

�)&'� E"2,D C�< �� $�/( �,
��%- �+��"( �% )�J $J C
�3-.

��'&U4�56 )"7/8"�-�  ��,	 � ��� �53�y�X�� �( #��(o08�� C�'.
X���' ��,	)��(/0"%(

)&05��/' �� ./"&"�/�J C/8y� X�� #- ���I83- �( min Max Average 

Hammarstrom and Zen (1986) NQ/i ]�/� ��/Z

Hollister et al (1987) ��/� ��/� ]�/Z

Johnson and Rutherford (1989) �\/] Z�/� ��/�

Schmidt (1992) ��/� ��/� ��/Z

Anderson and Smith (1995) ��/� ��/� \�/�

���)�8��3�-� (

Otten (1984) Z/���  �/���  ��/���  

��
F<' #K%/
LKM � )&05��/' ���% [�# �
�M�( 

Holland and Blundy (1994) �/���  \/\�Z  \]] 

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

6.
3.

75
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

24
-0

4-
19

 ]
 

                            11 / 16

http://dx.doi.org/10.29252/ijcm.26.3.751
http://ijcm.ir/article-1-1156-fa.html


C)<m- �$�
�-�� ��/H�(�/M $-�
- �3�&* ���% � �3�&*�/0( �0Y� ��Z

0

0.5

1

0 0.5 1 1.5 2

Fe
t /F

et +M
g

Al IV

Low ƒO2

Intermediate ƒO2

High ƒO2

edenite edenite
hbl

Mg
hsg
hbl

Mg
hsg

 
;5�V� )�F
�  �-�/<��
�M �( $^"�%-4/5"I�J S"%�D C]p[4/5"I�J �/05D $��# �� $^"�%- � )�F
�  $�/( ��( �%4�56 )"7/8"�-�  C�' #��(

�� $�,� -�)'�.

W�)	
� 

4�56 C)"7/8"�-�  ��/DB&3 E��* #��( ��"���/D C)"3- C�'

 � �"�-�  ��
�/
�/�-� �"�-�  �
�"0; �3- .���% �0G- C�'

K%/
LKMB&3 !
- )&05��/' � #��-� �	�( C-�-� �' � C- $�"�

 ��-�)&8�' .��r&� C-�-� �'#K%/
LKM �8,"( � C)&(

 � ^
� !
- );�	 �')&05��/')&8�' .��r&� �01 �� C)&(

 s-�""TD � $^"�%- � )�F
�  $-F"� �9J �/6� �'#K%/
LKM

�)&'� E"2,D C�< �� �� �
�"<"* S"%�D$J C�3�' .

I�J4/5"�)* E"2,D !
�aJ C�')&
-�	 �c �3��( ��/� C�' -

)�- 4/5"I�J ���  �� �"�0% C�'�<)&05��/'/
F"&� ��� �
# �

��/D �?�* �% g/� Ca/I� C�'I�3-�� �-�; �)��"  .

4/5"I�J��8�  �� �3��( ��/� C�'4/5"I�J C�( �8�(-� C�'

)��-� �-�; _�-���	 lc�&� .X�� #- ���I83- �( �)* �7-�- C�'

)&05��/' � #K%/
LKM ���% [�# S"%�D A�3-�(�C��� !"+��"�

 ��)m E"2,DOvv �8��3 �6���� ���J�( �-� /*�.!"�#-

�
�M�( �Y&3��,	!"+��"� )&05��/' �� �/6/� ./"&"�/�J C

��,	 P�� ���&,"M ��/D !
- C-�( -� ��(/0"% C�
/  �% �)&%

1 �� ��/D !
- �&
F+
�6 l<p/R�83/M C�8�/0"%�3- .�
�8�

 �(�Y&3��� #- �)�J �3� o08�� C�'�+��"( ��/D �&
F+
�6

:% �/r3 �� Ca/I��83/M l<1 �( �
�8� !
- �% �3- C-

 s-)'�,�B&3�3�&* � ���� �� #�� � �8	�( )'-/* �

B&3 ��,�B&3 �( Ca/I� C�' $�(F"� C�'�� #�3 �3- .

�-� �	�( $/}<' C)'-/*��C�"	/�-�  �	�( �b3/8� ��-� �D F
�

 ���3� � ��20<1 �(��� ��/<� ��B&3 �'-�<' ��' C�'

:' ���,I,DJ :' � !3 ~�	 �( �Ca/I� �1/<Y� �( S"%�D

4�56 )"7/8"�-�  C�"+
�6 :% C�'��,	 �� #��(��-/�<' ��-� .

�
���� :�3TiO2�Al2O3�Mg# �
�"<"* S"%�D $�3/� �

�'#K%/
LKM �8*/  ��+83�? �� �'�83/M � C- C- -��( �� �/6�

�� )"
�D ��/D !
- ���� C�< �� $)�J)&% .� )�F
�  $-F"�

B&3 �� $^"�%- b"y� $�/( �,
��%- #- $�,� ��r&� C�'

�;�� C�'#�� �( $J d�5D�- � ��/D !
- E"2,D��-� -�+<' C�' .. 

��)	�'X 
�
FYD�r�� C�'���% C-�Y"8� �' C�( s�<m# �8%� C�;J �
��

�<"*�%�� ��!M-L �D� ���
 ��+,�-� �3- $�,
- #- �0"3/&
)( �%

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

6.
3.

75
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

24
-0

4-
19

 ]
 

                            12 / 16

http://dx.doi.org/10.29252/ijcm.26.3.751
http://ijcm.ir/article-1-1156-fa.html


)06Z����<* ��F"
�M ����� ���% �<"* ��(��% � ��+83�? �3��( �� #K%/
LKM � 4/5"I�J C�' . . .���

�� C�-F+3�H3 ���<"<G�/* .!"&}<' ��'�c �8%� :��? #-

�( ����+
 �
�/��y( ��6 !
- ��5,"M �� �<01 )"I� C�'

 ������� ��-��);�/*.

Y&)
� 

[1] Erdmann S. C., Martel M., Pichavant, A. 
Kushnir, "Amphibole as an archivist of magmatic 
crystallization conditions: problems, potential, and 
implications for inferring magma storage prior to 
the paroxysmal 2010 eruption of Mount Merapi, 
Indonesia", Contributions to Mineralogy and 
Petrology, 167 (2014) p: 1016.
[2] Putirka K., "Amphibole thermometers and 
barometers for igneous systems and some 
implications for eruption mechanisms of felsic 
magmas at arc volcanoes", American 
Mineralogist, 101 (2016) 841-858.
[3] Hammarstrom J.M., E.-a. Zen, "Aluminum in 
hornblende: an empirical igneous geobarometer. 
American Mineralogist", 71 (1986) 1297-1313.
[4] Anderson J.L., D.R. Smith, "The effects of 
temperature and Fo2 on the Al-in-hornblende 
barometer", American Mineralogist, 80 (1995) 
549-559.

[5] Holland T. J., "Blundy "Non-ideal interactions 

in calcic amphiboles and their bearing on 
amphibole-plagioclase thermometry. Contributions 
to mineralogy and petrology", 116 (1994) 433-447.
[6] Anderson J.L., "Status of thermobarometry in 
granitic batholiths. Geological Society of America 
Special Papers", 315 (1996) 125-138.
[7] Johnson M.C., M.J. Rutherford, "Experimental 
calibration of the aluminum-in-hornblende 
geobarometer with application to Long Valley 
caldera (California) volcanic rocks", Geology, 17 
(1989) 837-841.
[8] Dimitrijevic M., "Geology of Kerman region: 
institute for geological and mining exploration and 
investigation of nuclear and other mineral raw 

material, Beograd—Yugoslavia", Iran Geol. 
Survey Rept Yu/52, (1973).
[9] Dargahi S., "Post-collisional Miocene 
magmatism in the Sarcheshmeh-Shahrebabak 
region NW of Kerman: Isotopic study, petrogenetic 
analysis and geodynamic pattern of granitoid 
intrusives and the role of adakitic magmatism in 
development of copper minralization', Unpublished 
Ph. D. thesis, Shahid Bahonar University of 
Kerman, (2007) p:310.
[10] Berberian F., I. Muir R., Pankhurst, M. 
Berberian, "Late Cretaceous and early Miocene 
Andean-type plutonic activity in northern Makran 
and Central Iran", Journal of the Geological 
Society, 139 (1982) 605-614.
[11] Shafiei B., "Metallogenic model of Kerman 
porphyry copper belt and its exploratory 
approaches", Unpublished Ph. D. thesis, Shaheed 
Bahonar University of Kerman, Iran, (2008) p:257.
[12] Aletaha B., "Petrography and petrology of 
igneous rocks and related copper mineralization in 
south- east of Bam (Rigan area)  " , Unpublished 
Ph. D. thesis, Iran eslamic Azad university Science 
and Research Section of  Tehran, (2003) p:288. 
[13] Rasouli J.," Petrography and geochemistry of  
Jebale Barez granitoid complex with a view to the 
alteration zoning and copper mineralization 
(North East Jiroft", Unpublished Ph. D. thesis, 
Shahid Beheshti university of  Tehran, (2014) 
p:366. 
[14] Rasouli J. Ghorbani M., Ahadnejad V., 
"Mineral Chemistry, Determination of 
Temperature, Pressure, and investigating the Alt

role of biotite for detection of copper 
mineralization in Jebale Barez granitoid complex 
", Iranian Journal of Crystallography and 
Mineralogy, 1 (2016) 71-84. 
[15] Mohamadzadeh Jahani N., "Petrographic, 
geochemical and petrogensis study of the intrusive 
Jebalbarez Mountains (Southern city Nisa the dam 
Bam)", Unpublished MSc. thesis, Shahid Bahonar 
University of Kerman, (2014) p:171. 

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

6.
3.

75
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

24
-0

4-
19

 ]
 

                            13 / 16

http://dx.doi.org/10.29252/ijcm.26.3.751
http://ijcm.ir/article-1-1156-fa.html


C)<m- �$�
�-�� ��/H�(�/M $-�
- �3�&* ���% � �3�&*�/0( �0Y� ���

[16] Berberian M., G. King, "Towards a 
paleogeography and tectonic evolution of Iran",
Canadian journal of earth sciences, 18 (1981) 210-
265.
[17] Ghasemi A., Talbot C., "A new tectonic 
scenario for the Sanandaj–Sirjan Zone (Iran)",
Journal of Asian Earth Sciences, 26 (2006) 683-
693.
[18] Ghomiam I., "Geological and mineral 
exploration report in the1/100000 sheet of Jebal-
E-Barez", geological survey and mineral 
exploration of Iran, (2000). 
[19] Middlemost E. A.,"Magmas and magmatic 
rocks: an introduction to igneous petrology",
(1986). 
[20] Deer W. A., Howie R. A., Zussman J., "An 
introduction to the rock-forming minerals",
Longman Scientific & Technical Hong Kong, 
(1992). 
[21] Leake B.E., Woolley A. R., Arps C. E., Birch 
W. D., Gilbert W. D., Grice J. D., Hawthorne F. 
C., Kato A., Kisch H. J., Krivovichev V. G., 
"Report. Nomenclature of amphiboles: report of 
the subcommittee on amphiboles of the 
international mineralogical association 
commission on new minerals and mineral names",
Mineralogical magazine, 61 (1997) 295-321.
[22] Stein E., Dietl C., "Hornblende 
thermobarometry of granitoids from the Central 
Odenwald (Germany) and their implications for 
the geotectonic development of the Odenwald", 
Mineralogy and Petrology, 72 (2001) 185-207.
[23] Chappell B., White C., "Two contrasting 
granite types", Pacific geology, 8 (1974) 173-174.
[24] Agemar T., Wörner G., Heumann A., "Stable 
isotopes and amphibole chemistry on 
hydrothermally altered granitoids in the North 
Chilean Precordillera: a limited role for meteoric 
water?", Contributions to Mineralogy and 
Petrology, 136 (1999) 331-344.

[25] Chivas A.R., "Geochemical evidence for 
magmatic fluids in porphyry copper 
mineralization", Contributions to Mineralogy and 
Petrology, 78 (1982) 389-403.
[26] Sial A., Ferreira V., Fallick V., Cruz V., 
"Amphibole-rich clots in calc-alkalic granitoids in 
the Borborema province, northeastern Brazil",
Journal of South American Earth Sciences, 11 
(1998) 457-471. 
[27] Bateman R., "The interplay between 
crystallization, replenishment and hybridization in 
large felsic magma chambers", Earth-Science 
Reviews, 39 (1995) 91-106.
[28] Bateman R., "The interplay between 
crystallization, replenishment and hybridization in 
large felsic magma chambers", Earth-Science 
Reviews, 39 (1995) 91-106.
[29] NBr S.T., A.M. soN, "Sieve-textured 
plagioclase in volcanic rocks produced by rapid 
decompression", American Mineralogist, 77 
(1992) 1242-1249.
[30] Haase C., et al., "Oscillatory zoning in 
plagioclase feldspar", Science, 209 (1980) 272-
274.
[31] Bottinga Y., Kudo A., Weill D., "Some 
observations on oscillatory zoning and 
crystallization of magmatic plagioclase",
American Mineralogist, 51 (1966) p: 792. 
[32] Pearce T., Kolisnik A., "Observations of 
plagioclase zoning using interference imaging",
Earth-Science Reviews, 29 (1990) 9-26.
[33] Loomis T.P., Welber P.W., "Crystallization 
processes in the Rocky Hill granodiorite pluton, 
California: an interpretation based on 
compositional zoning of plagioclase",
Contributions to Mineralogy and Petrology, 81 
(1982) 230-239.
[34] Koepke J., Feig S. T., Snow J., Freise M., 
"Petrogenesis of oceanic plagiogranites by partial 
melting of gabbros: an experimental study",

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

6.
3.

75
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

24
-0

4-
19

 ]
 

                            14 / 16

http://dx.doi.org/10.29252/ijcm.26.3.751
http://ijcm.ir/article-1-1156-fa.html


)06Z����<* ��F"
�M ����� ���% �<"* ��(��% � ��+83�? �3��( �� #K%/
LKM � 4/5"I�J C�' . . .���

Contributions to Mineralogy and Petrology, 146 
(2004) 414-432.
[35] Pietranik A., Koepke J., Puziewicz J., 
"Crystallization and resorption in plutonic 
plagioclase: implications on the evolution of 
granodiorite magma (Gęsiniec granodiorite, 
Strzelin Crystalline Massif, SW Poland)", Lithos, 
86 (2006) 260-280.
[36] Lundgaard K.L., Tegner C., "Partitioning of 
ferric and ferrous iron between plagioclase and 
silicate melt", Contributions to Mineralogy and 
Petrology, 147 (2004) 470-483.
[37] Coltorti M. C., Bonadiman B., Faccini M., 
Grégoire S., O'Reilly Y., Powell W., "Amphiboles 
from suprasubduction and intraplate lithospheric 
mantle", Lithos, 99 (2007) 68-84.
[38] Coltorti M., Bonadiman C., Faccini B., 

Grégoire M., O'Reilly S. Y., Powell W., 
"Amphiboles from suprasubduction and intraplate 
lithospheric mantle", Lithos, 99 (2007) 68-84.
[39] Jakeš P., WHITE A.R., "Major and trace 
element abundances in volcanic rocks of orogenic 
areas", Geological Society of America Bulletin, 83 
(1972) 29-40.
[40] Molina J., Scarrow J., Montero P.G., Bea F., 
"High-Ti amphibole as a petrogenetic indicator of 
magma chemistry: evidence for mildly 
alkalichybrid melts during evolution of Variscan 
basic– ultrabasic magmatism of Central Iberia",
Contribution to Mineralogy and Petrology, 158 
(2009) 69-98. 
[41] Jiang C. Y., An S. Y., "On chemical 
characteristics of calcic amphiboles from igneous 
rocks and their petrogenesis significance",  Journal 
of Mineralogy and Petrololgy, 3 (1984) 1-9. 
[42] Xie Y., Zhang Y., "Peculiarities and genetic 
significance of hornblende from granite in the 
Hengduansan region", Acta Mineral Sin (in 
Chinese), 10 (1990) 35-45.
[43] Xue H., Dong S., Jian P., "Mineral chemistry, 
geochemistry and U-Pb SHRIMP zircon data of 

the Yangxin monzonitic intrusive in the foreland of 
the Dabie orogen", Science in China Series D: 
Earth Sciences, 49 (2006)  684-695.
[44] Ghodsi M. H., Bomeri S., "Using of 
amphibole mineral chemistry for 
Geothermobarometry Bazman granitoid, southwest 
of Iran", Iranian Journal of Crystallography and 
Mineralogy, 3 (2015) 585-596. 
[45] Wones D.R., "Significance of the assemblage 
titanite+ magnetite+ quartz in granitic roc",
American Mineralogist, 74 (1989) 744-749.
[46] Wones D.R., "Significance of the assemblage 
titanite+ magnetite+ quartz in granitic roc",
American Mineralogist, 74 (1989) 744-749.
[47] Schmidt M.W., “Amphibole composition in 
tonalite as a function of pressure: an experimental 
calibration of the Al-in hornblende barometer”,
Contribution Mineralogy and Petrology, 110 
(1992) 304-310. 
[48] Blundy J.D., Holland T.J., "Calcic amphibole 
equilibria and a new amphibole-plagioclase 
geothermometer", Contributions to mineralogy and 
petrology, 104 (1990) 208-224.
[49] Vynhal C., McSween H.  Jr, Speer J., 
"Hornblende chemistry in southern Appalachian 
granitoids: implications for aluminium hornblende 
thermobarometry and magmatic epidote stability",
American Mineralogist, 76 (1991) 176-188.
[50] Pearce J.A., Peate D.W., "Tectonic 
implications of the composition of volcanic arc 
magmas", Annual Review of Earth and Planetary 
Sciences, 23 (1995) 251-285.
[51] Clarke D., "Granitoid Rocks", 283 pp. London 
(Chapman Hall), (1992). 
[52] HELZ R.T., "Phase relations of basalts in 
their melting ranges at P H2O= 5 kb. Part II. Melt 
compositions", Journal of Petrology, 17 (1976) 
139-193.
[53] Helmy H., Ahmed A., El Mahallawi M., Ali 
S., "Pressure, temperature and oxygen fugacity 
conditions of calc-alkaline granitoids, Eastern 

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

6.
3.

75
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

24
-0

4-
19

 ]
 

                            15 / 16

http://dx.doi.org/10.29252/ijcm.26.3.751
http://ijcm.ir/article-1-1156-fa.html


C)<m- �$�
�-�� ��/H�(�/M $-�
- �3�&* ���% � �3�&*�/0( �0Y� ���

Desert of Egypt, and tectonic implications",
Journal of African Earth Sciences, 38 (2004) 255-
268.
[54] Blundy J.D., Holland T.J.B, "Calcic 
amphibole equilibria and a new 
amphiboleplagioclase geothermometer, reply to 
the comments of Hammarstrom and Zen, and 
Rutherford and Johnson", Contributions to 
Mineralogy and Petrology, 11 (1992) 269-272. 

[55] Ewart A., "Review of the mineralogy and 
chemistry of Tertiary-Recent dacitic, latitic, 
rhyolitic, and related salic volcanic rocks",
Trondhjemites, dacites and related rocks, (1979) 
13-21.
[56] Loiselle M.C., Wones D.R., "Characteristics 
and origin of anorogenic granites", Geological 
Society of America, Abstracts with Program, 7 
(1979) 468. 
 

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

6.
3.

75
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

24
-0

4-
19

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            16 / 16

http://dx.doi.org/10.29252/ijcm.26.3.751
http://ijcm.ir/article-1-1156-fa.html
http://www.tcpdf.org

