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5,
G��� (�6���'�< ���-'� �� ����, F�:�-(; *�0
�H2�S-�!+�, 2�+��%/ +$ ����w!�]j][o �(����8 *��0
�H ���-�'� �� &?8-�
T?/ F��: 
�% �-�<2�%Y�< 2&- �+� ]jt[� �(�
��  ��! ���-�'� �� 6%P�! F��B%� F��:�-(; �
�%'%# Q%8�  *�0
�HSiO2-Al2O3-FeO]j`[l �(*��0
�H

 �H�� ���-'� �� =-Y%P�< F�:�-(;]jZ[r +(�H�� ���-'� �� �% -%; F�:�-(; �
�%'%# Q%8� ]jt.[
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F6'7� ��"%�7 ���
� �!�"# ���8 + �!�"#�-(; �(L� ���

 ��	$Hs�!� �; &?8-
T?/ F�:�-(; F��; *6# �Y!�~� =-��	 + ��-% �8 �
���� ��(m� �m�") y��%�8� z � .
�
&�;�W� �%(/�W� 

��-'� B22 B22 B22 B29 B29 B29 B11 B11 B11 B18 B18 
j ] t ` Z a j ] t ` Z

SiO2 Z[/xa Zx/\` Zx/t` Zy/aj Z[/y] a\/\[ a\/j] Zx/y` a\/jt a\/\Z a\/]t 

Al2O3 ]a/`] ]a/tt ]Z/y` ]a/`] ]a/t ]Z/xZ ]Z/tZ ]Z/`[ ]Z/ta ]Z/]\ ]Z/j\ 

CaO y/y[ y/ty y/\a y/`j y/Z[ y/jy a/`x a/`j a/Z\ a/]` a/tZ 

FeO \/\x \/j` \/\x \/\` \/\y \/\y \/t` \/]y \/t] \/]a \/]x 

K2O \/\a \/\a \/\a \/\Z \/\y \/\y \/`] \/Zj \/`] \/tx \/`a 

Na2O a/Zx a/xt a/xy a/[x a/Zy a/j` [/ay [/Z\ [/a[ [/`` [/`] 

�-'L� j\\/\ j\\/yx j\\/ta j\\/t] xx/[a j\\/Z\ j\\/` j\\/\j j\\/`\ xx/Zy xx/yZ 

Si ]/Zx ]/aj ]/a` ]/aj ]/a\ ]/ax ]/aa ]/a[ ]/a[ ]/ax ]/ax 

Al j/tx j/t[ j/tZ j/ty j/` j/t[ j/t] j/t` j/tt j/tt j/t] 

Fe2 \/\\` \/\\Z \/\\t \/\\j \/\\t \/\\t \/\jt \/\j\ \/\j] \/\j\ \/\jj 

Ca \/`] \/`\ \/ty \/`\ \/`j \/tx \/t\ \/tj \/tj \/t\ \/t\ 

Na \/Z[ \/Zx \/a\ \/Zy \/Z[ \/Zt \/aa \/aZ \/aa \/a` \/a` 

K \/\\` \/\\` \/\\t \/\\t \/\\Z \/\\Z \/\]` \/\t\ \/\]` \/\]] \/\]a 

Ab Z[/]\ Zx/[\ a\/y\ Zx/]\ Z[/x\ Z[/t\ aa/Z\ aZ/x\ aa/Z\ aa/y\ aa/j\ 

An `]/Z\ tx/x\ ty/y\ `\/Z\ `j/[\ `]/]\ tj/j\ tj/j\ tj/j\ t\/x\ tj/]\ 

Or \/t\ \/`\ \/t\ \/t\ \/Z\ \/Z\ ]/`\ t/\\ ]/`\ ]/t\ ]/[\ 

��	$Is�!� �; *6# �Y!�~� ��-% �8 �
���� + �
+-B�� F�:�-(; �(m� �m�")]]��%�8� z � .
�
&�;�W� �%(/�W� 

��-'� B22 B22 B22 B29 B29 B11 B11 B11 B18 B18 
j ] t ` Z j ] t ` Z

SiO2 Zj/]` Z\/x` Z\/ax `x/ya Z]/j] `a/`` `a/Zt `a/y\ `a/aZ `a/Z] 

Al2O3 tZ/`` ta/\` ta/jy ta/[` t`/xt t[/jj t[/]x ta/xt t[/]` t[/t\ 

FeO j/j` j/]\ j/]] j/\a j/]y \/xx j/\j \/[x \/x` j/\] 

MgO \/xt \/[Z \/ya \/[] \/a] \/t` \/ta \/][ \/t` \/tt 

K2O y/t] y/Zx y/`x y/at y/j` y/a` y/[j y/`[ y/Z] y/[a 

TiO2 \/]x \/`Z \/Z\ \/`j \/tt \/Zj \/`[ \/ZZ \/`y \/`[ 

Na2O \/[[ \/yt \/[\ \/ax \/a[ \/a] \/aj \/Zy \/Za \/a] 

�-'L� xy/j] xy/y\ xy/a` xy/jj xy/\x x`/aZ x`/xy x`/tx x`/[t xZ/\] 

Si a/`y a/`j a/tx a/t] a/Zy a/jt a/j] a/j[ a/j` a/j] 

AlIV j/Z] j/Zx j/aj j/ay j/`t j/y[ j/yy j/yt j/ya j/yy 

AlVI t/[a t/[a t/[Z t/yj t/[[ t/yx t/x\ t/xj t/xj t/x\ 

Fe2 \/j] \/jt \/jt \/jj \/j` \/jj \/jj \/\x \/j\ \/jj 

Mg \/jy \/j` \/ja \/j` \/j] \/\[ \/\[ \/\Z \/\[ \/\[ 

Na \/jx \/]\ \/j[ \/j[ \/ja \/ja \/ja \/jZ \/j` \/ja 

K j/t` j/ty j/t[ j/`\ j/tj j/`Z j/`a j/`t j/`t j/`[ 

Fe_FeMg \/`j \/`[ \/`` \/`Z \/Z` \/a] \/aj \/a] \/aj \/at 

Mg_FeMg \/Zx \/Zt \/Za \/ZZ \/`a \/ty \/tx \/ty \/tx \/t[ 
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6(H��*��'# �����; ��3�| I�! 6:�-# �!��;M"! �L"!��1	��� + F��W ��-,�,� F�:. . .���

��	$=F�:�-(; �(m� �m�") =-Y%P�<�-% �8 �
���� +s�!� �; *6# �Y!�~� �]t��%�8� z � .
�
&�;�W�

��-'� B22 B22 B22 B29 B29 
j ] t ` Z

SiO2 ty/[y tx/a` tx/xa tx/`t tx/xj
Al2O3 ]j/j\ ]\/j` ]\/]j ]j/]a jx/xZ
CaO jj/]] jj/\[ jj/j` jj/]a j\/y[
FeO jy/aj jy/\j jy/]t jy/x` j[/x]
MgO `/aZ Z/\x Z/j` `/t] `/xa
K2O \/xa \/xt \/yj \/xj \/yt
MnO \/\a \/\t \/\Z \/\` \/\Z
TiO2 \/]x \/t[ \/tZ \/tt \/tj
Na2O j/Zt j/Z] j/Z` j/`[ j/`j
�-'L� x[/]\ xa/yj x[/`t x[/xa xa/]j

Si Z/y[ Z/xx a/\\ Z/x] a/\a
AlIV jt/] \/] xx/j \y/] x`/j
AlVI at/j j/Zy j/Z[ a[/j j/a]
Ti \/\t \/\` \/\` \/\` \/\`

Mg j/\Z j/jZ j/jZ \/x[ j/j]
Fe ]/tZ ]/]y ]/t\ ]/ty ]/][
Mn \/\j \/\] \/\j \/\j \/\j
Ca j/y] j/[x j/[x j/yj j/[[
Na \/`Z \/`` \/`Z \/`t \/`j
K \/jx \/jy \/ja \/j[ \/ja

Total jZ/Z] jZ/`a jZ/`[ jZ/`[ jZ/`\

)C1�@/C :?/��-'� $
� �� &?8-
T h�Y
��  Q%8�  F���� �: 
�!� �WI�-"B
 .��6�����8 $
� �� �% �-�< �� �:*�W�, [/]y 

� `/tt �!�� +��6� �� �%Y�< *�W�, t/aZ �  [/ay 6m��
�� �%%�  6""8)=+6H�(.AB# ���-'� �; �H-  �;[oQ%8�  �

�� �:&?8-
T?/*�W�,�� ���@ &?8-0%�� ��%,6.
?@��,'�:F�:�-(;+ *�-; �%�	 $:< &� 6%P! F�B%� �� ���-'� 
�
�  �!SiO2-Al2O3-FeO �� *�W�, F�H �%�+�?! 

�� 6��%,)AB#[�.(���6� Si���8 $
� �� h�Y
��  �:; + �;�f �
$%0��%�jZ/�6m�� �� z%"%�-�< �-% �8 �Y�� +*�0
�H 

��H+��O �� �-% �8 �; �Y�� �1: *�0
�H+��H 
)AlIV

/AlVI (�; �;��; `[/\�!�)=+6Ht(.
?%J�%�:h�Y
��  Q%8�  F���� �% -%; F�:�-(; �WI�-"B
 
6"W�: .���8 $
� �� � ��:��6� Fe&� �W1%; F67 �  Mg�!� 

)=+6H4(.���6� XFe���8 $
� �� �� �:*�W�, Zx/�� a]/�
�!�)AB#[r.(���6� ��-
 Ti���8 $
� �� ;�f �: �)��

*�W�, j[/\� ��/�(+�� z%"%�-�< �-% �8 �Y�� *�0
�H

��H+��O �; �Y�� �1: *�0
�H��H+)AlIV
/AlVI ( ��*�W�, 

a[/j� [Z/j�!� .

������� ���� � ��� K@��
 
�� ��-  �; z8�7 ��1	 + ��� _
��# �!��; F��;�"�/ F�:

 ��-,�,�X+� ��8 *��PW!� �B%��"
�-��  F�: .:� ���F�:
X+� �W#e, ��� _
��# �Y!�~� F��; �P(W�� F�:2��1	 

M"! �!� *6# �	�p� ��-,�,� F�: .X+� $
� s�!� �; �:
���8 �'%# �8 �!� �
�: �� �; =��p �9 z: ��-,�,� =�')� 

M"! �; *6# A%B1  �: 6�� ._
��# �!��; �� z�� ��%�; �WB�
���2M"! ��1	 8 �)-'L� o��W�� ���-,�,� F�:��� �
�:

 =��p  �� z: �; �8 �!�6"W�:.s�!� �; �!��;M"! F�: -
�F��0����8 �)-'L� &� �8 6# �@� =��p  �� + ��
V': F�:

 �;z:�%7�� ��-,�,� �9 �8 *6# A%B1  ��b"� F� *��PW!� 6��
���, .&� M"! Q%8�  �; �H-  �; �8 �-# �@� 6
�; $%"^':
X+� �� _
��# �!��; ��H Q!�"� F�: ��-,�,� ��1	 + �

*��PW!�-#�.
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F6'7� ��"%�7 ���
� �!�"# ���8 + �!�"#�-(; �(L� ���

 ��	$As�!� �; *6# �Y!�~� ��-% �8 �
���� + �% -%; F�:�-(; �(m� �m�")]]��%�8� z � .
�%(/�W� 

��-'� B11 B11 B11 B18 B18 
j ] t ` Z

SiO2
t`/x\ tZ/t\ t`/a[ tZ/\j t`/[[ 

Al2O3
]\/a` ]\/`t ]\/`y ]\/ya ]\/[x 

CaO \/j` \/jy \/jt \/jt \/ja

FeO ]j/`t ]\/aa ]\/xj ]j/\] ]j/ta 

MgO [/Zt [/x\ [/[t [/x[ [/`j 

K2O x/[\ x/Z` x/`x x/tx x/a] 

MnO \/jj \/jx \/j` \/j] \/j] 

TiO2
j/[y j/a` j/y] j/`\ j/yZ 

Na2O \/j[ \/jZ \/j[ \/jx \/jy 

�-'L� xa/`\ xa/\\ xa/Z` xa/\x xa/]a 

Si Z/ZZ Z/aj Z/ZZ Z/Za Z/Zt 

AlIV ]/`Z ]/tx ]/`Z ]/`` ]/`[ 

AlVI j/`j j/`t j/`\ j/`a j/`t 

Ti \/]j \/]\ \/]] \/j[ \/]] 

Fe2 ]/yZ ]/[` ]/y\ ]/[x ]/y` 

Mn \/\] \/\t \/\] \/\] \/\] 

Mg j/[y j/y[ j/y` j/yx j/[a 

Ca \/\] \/\t \/\] \/\] \/\t 

Na \/\Z \/\Z \/\Z \/\a \/\a 

K j/x[ j/xt j/x` j/x\ j/xZ 

Fe_FeMg \/aj \/Zx \/a\ \/a\ \/a] 

?@)����� �

�� �6��'�< &� �"R Q%8�  �; ����, F�:�-(; *��W�, A%B1 

M"! ��-0"
� �; �:M"!���� �8 �!� �< �0��%; F&�; �
�',�� 
��-,�,� �H��z8 �!� �W	� K%/ �%�-Y%P�< *���I� �  

�!� .F�:�-(; Q%8�  $%"^:%�(8 �-� &� �8 =-Y%P�< �' �;
��6��S�; F&� �H�� $
� 6%D�  �� V%� 6"W�: z%"%�-�< + $:< 

�!� ��-,�,� .���8 �)-'L� �!��; �; �; =��p  �� F�:z:��
M"! $
� X+� &� ��:�L"!���=-Y%P�< 2��H &?8-
T?/ 

X+� &� + ��-,�,� F��� _
��# �!��;�L"!��1	=-Y%P�< 2
&?8-
T?/2����, 2*��PW!� ��-,�,� ��1	 $%%p  F��; V ��-8 

#6.
�L"!���&?8-
T?/ 2C
 =-Y%P�<X+� F��; Q!�"� 

�
&�;�W� �; �:�
�/ =��Y  Na Si = Ca Al  &�	 +� $
� $%; 
�!� ���8 .$
�W'���L"!�+ F��; *��PW!� ��-� �"!��� 

=-Y%P�<2K"8�+ s�!� �; &?8-
T?/ ��� �
& ����Y  F�: *6# �D
�!�]jZ:[

j) edenite + 4 quartz = tremolite + albite 

]) edenite + albite = richterite + anorthite 

 �
�W� =+6H �� ����Y  K"8�+ +� $
� _!-  *6# �Y!�~�a
*��+<�!� *6# .s�!� $
� �;��
��� _
��# ZZa �  Zxt +
ZZ] �  Zyj K"8�+ F��; Q% �  �; ���0%W��! �H�� j+

K"8�+]�� �!� �;6
<.�
��� $%0��%� ��-'L� �� Z[\ 
; ���0%W��! �H���L"!��� &� *��PW!� �&?8-
T?/ 2=-Y%P�<

M"! F��; ��-� �W
&�;�W� F�:�� �L%W� �!��;�-#.
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6(H��*��'# �����; ��3�| I�! 6:�-# �!��;M"! �L"!��1	��� + F��W ��-,�,� F�:. . .��3

��	$BM"! �� ��1	 + ��� �
�W� �W
&�;�W� F�:.
Pressure 

Kbar 
Temperature 

T oC

Amph-Grt-Plg –Qz Amph-Plg 
Mineral 

Holland & Blundy (1994) Kohn & Spear (1990) (2) (1) PlAmph Grt 

[/tZyj Zxt jjj
a/xZaZ Zax ]]]
[/jZa[ Z[x ttt
[/ZZZ[ Za[ ```
[/yZZ] ZZa ZZZ
a/xZat Z[` a`a
[/`Zy\ Zxj ``[

Zaa Z[Z 
[/]Z[\ 

Average 

P�<=-Y% M"! �� �-H-� F�: &� �!��; ��-� �W
&�;�W� F�:
6"W�: �"R ��%�; z%"%�-�< ��6�� �d� .�
�/ �; �L"!��1	

���8 $
� �� �-H-� z%"%�-�< ��6�� �� + S�; ��1	 �
���� ��:j]
� j`M"! $
� F��; �� ��;-(%8 �� �L%W� �:6:� .��0
� v�9 &�

-'L� �; Q!�"  �� ��1	 *�W�, $
����8 �) �� �-H-� F�:
M"! ��%� �!��; ��-� F�: .X��B': + �L�]ja[���W)�

���8 �� �-H-� z%"%�-�< ��6�� �8 6���� =-Y%P�< F�:
M"! ��1	 ��6�� �; z%�W�� Q!�"  �� *��-': ��-,�,� F�:

M"! �('H &� F�0
� A��-) + ��%����8 �-� + ���� F�:
�� V%� ��
V': �-� $
� �� 6"��- 6"#�; �f-� �.��(8 �-9 �;

X+� �!��; ��H ���8 &�	 6"O $%; ����Y  �L"!��1	 F�:
M"! ��1	 _
��# Q!�"� �
&�;�W� F�: �!� �  .$
� ��

����, �L"!��1	 &� K:+�/ 2&?8-
T?/ 2=-Y%P�< 2V ��-8 
���8 �)-'L� + ��-,�,� M"! �-� F��; �8 6# *��PW!� F�:

�!� Q!�"� �< �� �-H-�.
;����, �L"!��1	 F��2&?8-
T?/ 2=-Y%P�< 2V ��-8 

�!� *6# ���"1%/ �P(W�� ����p  _;�+�]j[:[
(t) An + Ab + Fe-Act = Grs + Alm + Fe-Prg + Qtz 

(`) An + Fe-Act = Grs + Alm + Fe-Ts + Qtz 
(Z) An + Ab + Tr = Grs + Prp + Prg + Qtz 
(a) An + Tr = Grs + Prp + Prg + Ts + Qtz 

���8 Q%8�  �B"
� �; �H-  �; �%8���O �-� &� =-Y%P�< F�:
 ��6�� ��-; S�; �; �H-  �; $%"^': + �!� $:< &� �"R

����, �� �S-!+�, + �6��'�< K"8�+ ��:)`(M"! F��; �� F�:

�� �!��; ��-� ��� ���"1%/ ��-  .�; �L"!��1	 �-� $
�
 �H�� �� *6# �D��� �L"!�+ s�!�]j[[=+6H ��a�D��� 

�!� *6# .��1	 �s�!� $
� �;x/a� y/[F��; ��;-(%8 
M"! 6# �L%W� �!��; ��-� �W
&�;�W� F�:.

?%0 ��� �

�"!�������, ����Y  2=+�6W� �% -%; F��; �"!��� �-� $
� 

M"! �W%(/�W� F�:�!� ���O*��W�, �%9 F��; �8 &� F�
�!� 6%P� ��-,�,� l�H�� .s�!� $
��"!��� l��%%�  

�Y�� F�:Fe2++Mg2+�� �% -%; + ����, ���8 +� $%; �� 
�; =��p z:�!� .s�!� �; l��%%�  $
��b;�� �
& ����p  

�� l�-m ��%,]jy:[
([) GrtMg + BtFe = BtMg + GrtFe 

���8 $%; z
V%"� + $:< =��Y  � �; �% -%; + ����, F�:��
�� ���� z%�W�� �0W�;�+ m� �- �8h�Y
�� &� A�W�� l��%%�  

�!� ��1	 .�L"!��� X+� $
� �� �
��� _
��# &� *��PW!� �;
�b;�� �
& $%%p ���-#:

lnKD = (-2109/T) + 0.782 
$
� ���b;�� �= (Mg/Fe)Grt/(Mg/Fe)Bt KD �!� .�
�W�

����, �L"!��� 2s�!� �; �% -%; �L"!�+ � F�:�(W� �� 
=+6H[*6# �D��� �!� .�
��� _
��#`\a �  `[x �H�� 

s�!� �; ���0%W��!�L"!�+]jy[�`Zj �  `xa �H�� 
�; ���0%W��!�
�/ �H�� �L"!�+]jx[+`Zt �  `x` �H�� 

s�!� �; ���0%W��!�H�� �L"!�+]]\[6�< �!� �;.
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F6'7� ��"%�7 ���
� �!�"# ���8 + �!�"#�-(; �(L� ���

 ��	$GM"! �� ��1	 + ��� �
�W� �W%(/�W� F�:.
Pressure 

Kbar 
Temperature 

T Oc 
Grt-Plg-Mus-

Qz 
Grt-Plg-Bt-

Mus-Qz 
Grt-Mus Bt-Grt 

Mineral 

Hodges & 
Crowley 
(1985) 

Ghent & stout 
(1981) 

Thompson 
(1976) 

Ferry & 
Spear 
(1978) 

Holdaway & 
Lee (1977) 

Plg Mus Bt Grt 

2/62/7418 496 460 494 1111
2/12/6462 476 436 476 2222
1/82/5477 491 454 489 3333
2/83/2454 451 406 453 4444
2/73/1441 485 446 483 5555
2/42/8450 480 479 440 

2/6462 

Average 

����, �"!��� &� 2$:< =��Y  s�!� �; �8 �
+-B�� 2
�� V%� �!� ���8 $
� +� $%; z
V%"� F��� $%%p  F��; ��- 

M"! ��-,�,� F�:��8 *��PW!� �%(/�W� .�"!��� $
� s�!�
�!� �
& ����p  �b;��:

Pyrope + Fe-Celadonite = Almandine + Mg-
Celadonite )y(

�H�� �� *6# �D��� �L"!�+ s�!��;]]j[�
��� *�W�, �
`jy �  `[[M"! $
� F��; ���0%W��! �H�� �� �!� �; �: 6
<

)=+6H[.(F��� $%0��%� ��-'L� ��`a] �; ���0%W��! �H�� 
����, �L"!��� s�!�2����, + �% -%; 2F��; �
+-B�� 

M"! 6�< �!� �; �!��; ��-� �W%(/�W� F�:)=+6H[.(
M"! �� �B"
� �; �H-  �; �W%(/�W� F�:����8 �)-'L� F�:

*��W�, �%9 �� �
+-B�� ��% -%; �����, + ��� _
��# &� F�
 ��1	)&��"�/ �  ����, �"�/ �%��'%(! (�� A%B1  �6�-#

 &� *��PW!� $
��;�";�"!��1	����, F�: 2�% -%; 2�
+-B�� 2
&?8-/T?/ 2V ��-8 )GBMPQ ( $%"^': +�"!��1	����, 2
�
+-B��2&?8-/T?/ 2V ��-8 )GMPQ (M"! $
� F��; �:

�!� Q!�"� ��%�; .�"!��1	 s�!�����, F�:2�% -%; 2
�
+-B��2&?8-/T?/ 2V ��-8 �b;���!� �
& �1"8�+ :

(x) Mus + Bt + Qz = Grt + Feld + H2O
X+� $
� &� *��PW!� �;��L"!��1	 F��; ��-,�,� ��1	 _
��# 

M"! ��-� F�:�!��; �� *�W�, Z/]� j/t��;-(%8 �!� 
)=+6H[.(

�L"!��1	����, 2�
+-B�� 2&?8-/T?/ 2�; V%� V ��-8 
+� s�!��b;��& K"8�+ �� .�L�� �
 �-#:

Pyrope + Grossular + Muscovite + Quartz = 
Anortite + Mg-Celadonite )j\(
Almandine + Grossular +  Muscovite + Quartz = 
Anortite + Fe-Celadonite )jj(

; �L"
� ��M"! �� ����, F�:�-(; Q%8�  �; �H-  ���-� F�:
�!��;"W�: $:< &� �"R ��-�� &� �8 &� �6�b;�� �1"8�+ )jj(

*��PW!�#�� ��-,�,� ��1	 �< s�!� �; �8 6*�W�, y/j� 
y/]�Y!�~� ��;-(%8 #6)=+6H[.(

X+� +� $%0��%� s�!� �; ��-'L� ���L"!��1	 ��1	 �
�; =��p�a/]M"! F��; ��;-(%8 �W%(/�W� F�:6# �L%W� 

)=+6H[.(

?
���� 
! �!��; ��
��~m 6:�-# s�!� �;��� l�Y!�~� + F��WI� 2

�� �� �
& lS-~  ��-,�,� ��1	 ��-� ��b"� F��; ��- �!��; 
��� ���"1%/:

1-���-  �-H+ F�:���1P1 <&�; �  F6%!� F�; �:��': �� 
M"! �0��%; �;-!� F�:��6I��%��p	 *��W�, ���1P1 < F�:

�!� C%D+&-E��/ ��.
2-�,��-,�;S1�%7�� ��-,�,� &� �(7�� C
 �9 ��L
� F�

�!� *6# .�!��;���8 �'%# �L"!��� l�Y!�~� + �: 2
�%7�� ��-,�,� �H�� �8 �!� �< �0��%; �L"!��1	 ��b"� F�

�!� �W	� K%/ �%�-Y%P�< *���I� � )AB#y(.M"! F�:
 �W
&�;�W��)-'L�'�<��;-!� �)-'L� �
& �� �8 >?@��-,�,

�W	�, ���@ N%#��"O *6# + ��� _
��# �6�� �� F� S�; ��1	 
�� ��1� 6":� .
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6(H��*��'# �����; ��3�| I�! 6:�-# �!��;M"! �L"!��1	��� + F��W ��-,�,� F�:. . .��4

5,
LM"! ��-,�,� 6�+� 5�  F�: *���I� ���-'� �; >?@�'�< AB# �:.

3-M"! F�%,���@ ��-� F�:�!��; C
 �� .�d� $%�&
�WI�! �W%�-(%� �,��-,�; A%B1  �)�; �#�; S2�!� *6# .

��WI�! $
� e	�� �,��-,�; $
��WI�! $%�& �� �':���-  F�:
�!� ��b"� �0"!.

4-�W%"%! FU-P� *�-  F�%0
�H2��
�/ �� �W%"%! V ��-8 
C%!��+T 2�!� �8 &�R< �+V	� ���b"� F6Y", ��WI�! ��L
� �; 

�,��-,�; K
��< *-~� �;S2��b"� �(W�� q��� �� �f� V%�
 �W#�e,�!� .��-,�,� ��f< + FU-P� *�-  $
� �B"
� �; �H-  �;
 *6�<�; &� �f�W� V%� �< &�$%�&�I�!�� ��!� �#�; �; ��- 

 C
 �� FU-P� *�-  $
� F�%0
�H �8 6%!� �L%W� $
��"�/ 
�#�;*��� ���!� .

M$��� 
[1] Berberian M.,  "Against the rigidity of the Lut 
Block, Iran", Geological Survey of Iran 40 (1977) 
203-228. 
[2] Berberian M., King G.C.P., "Towards a 
paleogeogaraphy and tectonic evolution of Iran", 
Canadian Journal of Earth Science 18 (1981) 210–
265.
[3] Sheikholeslami M.R., Pique A., Mobayen M., 
Sabzehei M., Bellon H., Hashem Emami M., 
"Tectono-metamorphic evolution of the Neyriz 
metamorphic complex, Quri-Kor-e-Sefid area 
(Sanandaj-Sirjan Zone, SW Iran)", Journal of 
Asian Earth Sciences 31 (2008) 504–521.

[4] Sabzehei M., "Les melanges ophiolotiques de 
la region d’Esfandagheh (Iran meridonal), etude 
petrographique et structrale", PhD thesis, 
Universite of Grenoble, France (1974). 
[5] Rachid Nejad-Omran N., Hachem Emami M., 
Sabzehei M., Rastad E., Bellon H., Pique A., 
"Lithostratigraphie et histoire paleozoique a 
paleocene des complexes metamorphiques de la 
region de Muteh, zone de Sanandaj-Sirjan (Iran 
meridonal)", Comptes Rendus de l’Académie des 
Sciences 334 (2002) 1185–1191. 
[6] Eshraghi S A., Mahmoudi Gharai M, 
"Tuyserkan Quadrangle Map 1:100000",
Geological Survey of Iran, Geological Quadrangle, 
2003.
[7] Amidi M., Majidi B, "Hamadan Quadrangle 
Map 1:250000", Geological Survey of Iran, 
Geological Quadrangle, 1977.
[8] Hosseini B., "Petrology and Petrogenesis of 
Paleozoic metamorphic rocks in the Sanandaj - 
Sirjan Zone and their relation to mineralization of 
iron", PhD tesies, Shadid Beheshti University 
(2011) (in Persian). 
[9] Valizadeh M.V., Zarian S., "A petrological 
study of the Almogholagh, Asadabad and 
Hamedan plutons", Journal of Science (Tehran 
University) 8, (1976) 49 – 59 (in Persian). 
[10] Shahbazi H., Siebel W., Ghorbani M., 
Pourmoafee M., Sepahi A.A., Vousoughi Abedini 

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
1.

15
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                            15 / 16

http://dx.doi.org/10.29252/ijcm.27.1.151
https://ijcm.ir/article-1-1232-fa.html


F6'7� ��"%�7 ���
� �!�"# ���8 + �!�"#�-(; �(L� ���

M., Shang C.K., "The Almogholagh pluton, 
Sanandaj-Sirjan zone, Iran : geochemistry, U-(Th)-
Pb titanite geochronology and implications for its 
tectonic evolution", Neues Jahrbuch für 
Mineralogie-Abhandlungen 192 (2015) 85-99. 
[11] Mohajjel M., Izadi kian L., "Poly-deformed 
Tectonites in Dome Structure of the Almabolagh 
Region, West of Hamadan", Geosciences (Iran) 66 
(2008) 116-133 (in Persian). 
[12] Cirrincione R., Ortolano O., Pezzino A., 
Punturo R., "Poly-orogenic multi-stage 
metamorphic evolution inferred via P–T 
pseudosections: An example from Aspromonte 
Massif basement rocks (Southern Calabria, Italy)",
Lithos 103 (2008) 466-502. 
[13] Deer W.A., Howie R.A., Zussman J., "An 
Introduction to the Rock forming Minerals", 
Longman Scientific & Technical, Harlow, UK 
(1992).
[14] Vidal O., Goffé B., Bousquet R., Parra T., 
"Calibration and testing of an empirical 
chloritoidchlorite Mg-Fe exchange thermometer 
and thermodynamic data for daphnite", Journal of 
Metamorphic Geology 17 (1999) 25-39. 
[15] Holland T., Blundy J., "Non-ideal interactions 
in calcic amphiboles and their bearing on 
amphibole-plagioclase thermometry", 

Contributions to Mineralogy and Petrology 116 
(1994) 433-47. 
[16] Leger A., Ferry J., "Highly aluminous 
hornblende from low-pressure metacarbonates and 
a preliminary thermodynamic model for the Al 
content of calcic amphibole", American 
Mineralogist 76 (1991) 1002-1017. 
[17] Kohn M.J., Spear F.S., "Two new 
geobarometers for garnet amphibolites, with 
applications to southeastern Vermont", American 
Mineralogist 75 (1990) 89-96. 
[18] Ferry J.M., Spear F.S., "Experimental 
calibration of the partitioning of Fe and Mg 
between biotite and garnet", Contributions to 
Mineralogy and Petrology 66 (1978) 113-117. 
[19] Thompson A. B., "Mineral reactions in pelitic 
rocks II. Calculation of some P-T-X (Fe-Mg) phase 
relations", American Journal of Science 276 
(1976) 425-454. 
[20] Holdaway M. J., Lee S. M., "Fe-Mg cordierite 
stability in high-grade pelitic rocks based on 
experimental, theoretical, and natural 
observations", Contr. Miner. Petrol. 63 (1977) 
175-98 
[21] Krogh EJ., Raheim A., "Temperature and 
pressure dependence of Fe-Mg partitioning 
between gamet and phengite, with particular 
reference to eclogites", Contributions to 
Mineralogy and Petrology, 66 (1978) 75-80. 

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
1.

15
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
04

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            16 / 16

http://dx.doi.org/10.29252/ijcm.27.1.151
https://ijcm.ir/article-1-1232-fa.html
http://www.tcpdf.org

