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Grt 
schist�

Grt 
schistW

Grt 
schist�

Grt 
schistn

Grt 
schist�

Grt 
schist�

Grt 
schistp mig Hrf Aplite � Aplite 

W Aplite � Aplite nSamples/Oxides
Garnet 
Schist 

Garnet 
Schist 

Garnet 
Schist 

Garnet 
Schist 

Garnet 
Schist 

Garnet 
Schist 

Garnet 
Schist 

migmat
ite Hornfels Aplite Aplite Aplite Aplite

Garnet 
crystalforms ddk ddk ddk mixed mixed mixed mixed mixed ddk tpz tpz tpz tpz 

Mn/Ca �U/� W/po W/o� �/n� �/�p W/p� W/�� W/�W �/pp o/UU �/UU ��/�n �/�� 
(Mn+Mg)/Ca W/oU �/p� �/W� n/Up W/nU �/�� W/�W �/o� W/�� p/p� �/UU ��/UU �/�o 

Ca/Mn U/�o U/�o U/�� U/W� U/on U/�p U/np U/nU U/�o U/�p U/�� U/U� U/�W 
Ca/(Mn+Mg) U/�� U/Wp U/�� U/W� U/nW U/�U U/�� U/Wp U/�n U/�� U/�� U/Up U/�W 
XGrs/XSps U/�� U/�p U/�o U/Wp U/op U/�o U/n� U/�� U/�n U/�� �/UU U/U� U/�U 

XGrs/ 
(XSps+XPyp) U/�o U/W� U/W� U/W� U/n� U/W� U/�n U/W� U/�W U/�W U/U� U/Un U/U� 

XSps/XGrs �/�� W/p� W/p� �/op �/�U W/p� W/WU W/op �/�o o/op �U/UU W�/UU �U/�U 
XSps/ 

(XGrs+XPyp) �/UU �/no �/�p W/WU U/�� �/�p �/W� �/�n U/�� W/WW �/UU �/W� p/UU 
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�9@�7!1 ����< E�/ )  .9�	 � �Ca �H���< �HM9F� �� �%8F�/ -
L8" ;
  �� +%2 X9C,@ E�/ )  .H9�	 >H9� �H/Ca �� ' +�#H3 

E%83.C91 E�#:3 ��-' ���)'P�� X9C,@ S�$ %�#2)��#7� E
WAplit�Y'%- n(.���& ��L8" �N H3 �?�H� �#<.<� E�/ �

L8" ;
  �H8� �H/ )  .H@Ca %8F�H/ )�H�#7� EAmph-sch1�
Y'%-�('�M9F� ������< �8� E�/ )  .H@Ca��H3 E%H83.C91 
E�#:3��-' +�) '� S�$ )��#7�Grt-Amph Sch�Y'%- �(

'E%83.C91L8" ;
  �� �?9N.@ �� X9C,@ �/�#2.

���@3L8" )  ��#7� %8� �
�9792 >9���* �
�F�E�/����< ~'� �3 ��D8� � �XRF 
Sampels/Oxides (%) SiO2 Al2O3 Na2O MgO K2O TiO2 MnO CaO P2O5 Fe2O3

Grt-Amph Sch mj/�j  k�/�=  l6/i 66/6 j/i kk/i 6l/i 6j/�6  �6/i Al/l
Grt-Mica Sch lA/��  �A/�m  ij/� l6/6 �i/k j�/i �6/i i=/6 ��/i mi/j

Aplite1 6k/l�  =�/�6  jj/� 6i/i ij/6 i=/i 6k/� kj/i iA/i =k/�
Aplite2 6A/l�  6j/�A  6i/= i�/i jj/m i�/i i�/i A6/i 6j/i ki/i

Monzo granite jk/kk  i�/�A  �k/6 k=/� lk/= j�/i �i/i ==/6 �m/i k=/k
Grt-Mica Hrf jm/�6  ��/6A  lm/6 mi/6 �i/= A6/� ��/i il/� �=/i ij/j

Garnetite A=/�i  �=/m im/i 6�/� �i/i ��/i 6�/= ij/� �j/i mm/=A  

Sampels/Oxides (ppm) Ba Ce Co Cr Cu Nb Mo U Th Cl 
Grt-Amph Sch �6= kl �� AA �6 m A m �� �
Grt-Mica Sch =lm lk �6 lj =k j A A �6 �6 

Aplite1 ��l �k = 6 - - � � - �6i 

Aplite2 �i �A - - 6 AA - �A � 6
Monzo granite =k� �A �6 == � 66 � = �6 =�6 

Grt-Mica Hrf �k6 6�m �m �6j 6l �m m j Al Aik 

Garnetite jl �i6 A= 6�i - l �� - = �= 

���@5~'� �3 ����< E�/�#:3 �
�9792 >9���* �
�F�XRF.
Samples/Ox

ides Grt sch� Grt schW Grt sch� Grt schn Grt sch� Grt scho Grt schp mig Hrf Aplit � Aplit W Aplit � Aplitn
Garnet 
crystal 
forms 

ddk ddk ddk mixed mixed mixed mixed mixed ddk tpz tpz tpz tpz 

SiO2 ik/=k �j/=j l=/=6 j6/6j ij/=j =�/=6 =j/=A km/=A i6/=j i=/A= kA/A� mm/=i km/Ai 
TiO2 A�/i il/i �m/i �k/i 6A/i �j/i kl/i =6/i A/i i�/i ��/i il/i �m/i
Al2O3 jm/�j jm/�j l=/�= =/�= 6k/�j i6/�A 6/�� jk/�A jj/�j j6/�m mA/�m mA/�= Am/�i 
FeO �l/=i 6j/6j lA/=A 6=/=j �/6m km/=� Ak/=� ml/=� kk/=� 6m �6/=� m/Ai A�/=k 
MgO W km/� l=/� AA/� iA/6 ll/� �/6 6j/6 ��/6 =�/� �l/i � 6j/i
MnO kj/l �m/m �A/�6 m6/�6 m=/k =�/�6 A=/�� �m/m m�/� �=/m ==/m i�/�6 i�/�i 
CaO A/= A�/6 lm/= jA/6 A6/= �m/= �m/A km/6 �m/6 il/� lm/i l/i jA/i

Cr2O3 ��/i =k/i =k/i =k/i �A/i ==/i AA/i l=/i ij/i �k/i 6A/i k=/i �

Number of cations on the basis of 12 Oxygens 

Si4+ jk/6 �6/= mj/6 l�/6 �k/= m�/6 jk/6 jj/6 �/= =m/= 6j/= lj/6 Am/=

Al3+ j=/� mm/� A=/� A6/� m=/� Ak/� �A/� �6/� ml/� l�/� lk/� Al/� ik/�

Fe2+ �/6 j�/� �k/6 jm/6 j=/� k=/6 6l/6 �m/6 ��/6 mA/� ij/6 ij/= k�/6

Mg2+ 6A/i 6/i 6=/i �j/i 6�/i 6=/i 6l/i 6j/i 6k/i �k/i il/i �=/i iA/i

Mn2+ �A/i �m/i jA/i jj/i Al/i j6/i m=/i k=/i =j/i �A/i �k/i j6/i l=/i
Ca2+ =/i 6�/i =k/i 6j/i =/i =A/i =j/i 6�/i 66/i ij/i il/i il/i ij/i

Amounts of garnet end members 
XAlm kk/i kk/i k=/i kl/i kk/i kA/i k/i kj/i l�/i l/i l�/i l=/i l�/i
XSps �l/i �j/i 66/i 66/i ��/i 66/i 66/i �k/i �=/i 6/i 6/i 6�/i 6�/i
XPyp im/i ik/i ik/i iA/i im/i ik/i il/i im/i ij/i ik/i i6/i i=/i i�/i

XGrs ij/i il/i im/i ik/i �/i im/i �/i ik/i il/i i=/i i6/i i�/i i6/i
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Grt-KH Sim-L Sim-M2 Grt-M-S 

Garnetite Leucosome 
Migmatite 

Melanosome 
Migmatite Schist 

Core Rim Core Rim Core Rim Core Rim 
SiO2 Al/=k Wp/�p �o/�� �U/o� �U/�� Wp/�p �U/�o on/�� 
TiO2 Uo/U U/UU U/UU U/UU �U/U U/UU U/UU U/UU 
Al2O3 o�/W� p�/W� pU/W� �p/W� Wp/W� ��/W� n�/W� �W/W� 
FeO �o/Wo ��/�� �p/W� W�/n� ��/W� �p/�� ��/Wp ��/�� 
MnO ��/�W �n/n ��/�U o�/� pU/� on/W ��/�U ��/�
MgO WW/� o�/W ��/� oo/W n�/� Wo/W ��/� ��/�
CaO ��/� ��/U U�/� U�/� ��/W ��/� Wo/� �n/�
Total o�/�UU op/�UU nn/�UU WW/�� �U/�� ��/�U� pn/�� ��/�� 

Number of cations on the basis of 12 Oxygens 
Si ��/W ��/W ��/W ��/W ��/W �o/W ��/W �n/W
Ti U/UU U/UU U/UU U/UU U/UU U/UU U/UU U/UU 
Al Up/W Uo/W U�/W Up/W U�/W U�/W Up/W Up/W
Fe p�/� W�/W Un/W ��/W UW/W ��/W �o/� W�/W
Mn ��/U ��/U pU/U W�/U oU/U ��/U po/U ��/U
Mg ��/U ��/U ��/U �W/U ��/U Wp/U ��/U W�/U
Ca �p/U U�/U �U/U U�/U Wo/U �o/U ��/U �p/U

Amounts of garnet end members 
XAlm oU/U po/U op/U p�/U oo/U �U/U on/U pn/U
XSps �U/U �U/U W�/U U�/U WU/U Uo/U Wo/U ��/U
XPyp U�/U ��/U Uo/U ��/U Uo/U U�/U Uo/U U�/U
XGrs Uo/U U�/U U�/U U�/U U�/U U�/U Un/U Uo/U

Grt-Gt1 Grt-Gt2 Amph-sch1 Amph-sch2 
Granite Granite Amphibole Schist Amphibole Schist 

Core Rim Core Rim Core Rim Core Rim 
SiO2 ��/�o �n/�o n�/�p n�/�o ��/�p Wn/�p pp/�o pp/�o 
TiO2 U/UU U/UU U/UU U/UU Uo/U Un/U ��/U U�/U
Al2O3 �n/W� n�/W� �n/W� ��/W� o�/W� �n/W� ��/W� Wo/W� 
FeO ��/�� ��/�� WU/�n pp/�n o�/�� U�/Wn �n/Wn ��/W� 
MnO ��/� n�/W ��/W �n/W ��/p ��/� U�/� oU/�
MgO n�/� p�/W U�/n ��/W p�/U WW/� ��/� pn/�
CaO ��/� �o/� �W/U �p/U ��/�� �W/�U nU/� ��/�
Total n�/�UU ��/�� no/�UU �p/�� �o/�� ��/�UU o�/�� W�/�� 

Number of cations on the basis of 12 Oxygens 
Si �o/W �o/W ��/W �p/W �p/W �o/W �p/W ��/W
Ti U/UU U/UU U/UU U/UU U/UU U/UU U�/U U/UU 
Al Uo/W Un/W U�/W U�/W U�/W Uo/W U�/W U�/W
Fe ��/W ��/W W�/W �p/W Un/� oU/� on/� po/�
Mn U�/U �p/U �o/U WU/U ��/U �o/U �n/U W�/U
Mg n�/U �n/U n�/U ��/U U�/U ��/U �p/U W�/U
Ca ��/U �W/U Un/U U�/U W�/U ��/U ��/U pp/U

Amounts of garnet end members 
XAlm �U/U p�/U pp/U p�/U ��/U �n/U ��/U ��/U
XSps U�/U Uo/U U�/U Up/U ��/U �W/U �W/U U�/U
XPyp �n/U ��/U �o/U �W/U U�/U U�/U Uo/U Up/U
XGrs Un/U Un/U UW/U U�/U n�/U �U/U Wp/U Wo/U



%:-�m+��72 �A���F��) �=mj X� #5 �"�.3 Y.F8N+%88NE��
��"�82E�/�#:3 . . .�W�

 )��!���W��	 �W���� ��W� 	� �W�	�� ��W�	��� ��W�
 (*�� ���
���C	��Q� ����
�� �� �� 

E%83.C91 ��< E�#H:3 L8H" �� �H� �H9&�� �#H<.<� E�H/ ' E 
 �H"  ���HC
 �@�'�HM� �#<.<� .L8H" �� �H/�#:3 ;H
  E�H/

 �9&�� �#<.<� �� �@�'�M� ' E E%83.C91 �H�-' +�) '� E�H/ 
N.@ ' S�$9�� �#:?F� �?%�#2 .

�
��� R
�� �N �"  E�'*��
 �3 B)f �H9&�� ��#H<.<� ' E 
 �@�'�HHM� ��#HH<.<� ���HHC
 O�HH?
.�@ �HH�D8� �� ' �HH"  ��,HH	

x9@�F"#F9� �� �9&�� ��#<.<�E W�@n��3#:9N �� '��#<.<�
�@�'�M� �@ ��3 %� %8�W.���H3#:9N �H" ]�i[.�� ;9H8�7/

�HH9&�� ��#HH<.<� ��#HH<.<� )  .HHF7N �HH/�#:3 %HH2� �5.HH" E 
 �"  �@�'�M� ._��D� �3 �-#@ �3f�3 �� �1 � #@ XH� #5 �N �.3

 ���) ' ��� Z .99a@ ���,	)�/�#:3 %2� �5." (.3 �� %8� .9]^@
��
��"�82%�� %� ����< E�/�#:3 .

 )��!�����	����� ��� 	� ��	�� ���	��� ��� ��W�� 
� #(��>���� (*�� ����
�� �X�� ��

E%83.C91 �� ����< E�#:3 E�H/��� ��#H<.<� ;9
�H1 )�H���<
 ��92 �C9� (E.F7N �� #� �� ' �?9N.@ �H�-' +�) '� H$ S�

�"  .��#<.<� Ef�3 Z�-�� ��)' ��H92 �9�'��FH"  ����<
�9@�7!9��/(>9�E%83.C91 ����< E�#:3 �� #H� �� ' �?9N.@ �/

 E.F7N ��-' +�) '� S�$ )�9@�7!9� B#"'>� ���/(�"  .�H3
 _��D� �3 ��8F" f�3 �� � #@ ;
  �3 �HM9F� %9H"� ��HN E�H�� 

L8H" X9C,H@ �H:D� E��� ' ��#<.<� H/ .H3 �� %H8� .9]^H@ �
��
��"�82%�� %� ����< E�/�#:3 .

Y�
((-C����
6(> �9�Z�
(Z 	� ��	�� �	��� 
(!O � ��[ ���
 \()�� '� 

����< L8H" �� +%H2 X9C,H@ E�/ )  �H8� E�H/Ca)�H���<
 ���92 Y#?9��* ��#7� %8��� EAmph-sch1�Y'%- �(E � �

 �
f�3 %���CaO %8F�/ .�/�#:3 ;
  .<  L8" �� )  .9�	 E�/
Ca)��H9:1* �HH�#7� %H8��� WAplit�Y'%H-�(�%�#HH2 X9C,H@

 %���CaO �2 � %8/ #$ �89
�1 .�� �H���< X9C,H@ B�H!8/
L8" �� �R9�:N )  �8� E�/ ��� ;9
�H1 ��,	 'Ca 'Mn �� ' 

�� ����< E�#:3 ��F$�"%�#2 .�H3 �� R9�H:N ��#H3 f�H3 �H:5
 ����< ;
  E�#:3 ��F$�" ��/E%83.C91 ��-' +�) '� �� S�H$ 

L8" ;
  �� X9C,@ �/�#2 .L8" �� >H9� R9�H:N )  .9�	 E�/
 ' +%H2 �HH���< E�#H:3 ��F$�H" �� ' >H8!8� E%H83.C91 E�#HH:3 

��-' ���)'P �� X9C,@  � S�$ %/� .�3� >H9� .H!
� Z��H?5

CaO _H9N.@ Y.HF8N �� �:H�  XH� #5 )  �C
 ���� L8" �� 
����< �
�9792�� ' �/ �
��� ��
��"�82�*�"  �/.

����
� 
�3 ����< E�/�#:3 � ' .	 )  �C
 � #85 �"(3'.9	�#1 ;
.@ �� �/

L8" �9&�� ��@�'�M� �#<.<� E�/ �9@�7!9� �E  L8H" ' �H/-
%H�� � �#4H& �H�D8� xH9�#@#:1 E�/ .�H���< ;H
  )  �H8� �H/

 �� ' +�#3 ;
%��7�*E%83.C91E�/ E�#:3 �H�-' +�) '� �S�H$ 
@' �?9N. ��-' ���)'P �H� X9C,H@ S�H$ %�#H2 .E%H83.C91 

E�#:3 ��-' +�) '� ��92 Y#?9��* ����< �� S�$ �/�H< ��/
 ����< �����92 �C9� ����< ��/�[:���#/ �C9� �� �/�< ' �/

 �9@�7!9� B#"'>� �� +%
� �/�#2 .E%H83.C91 E�#H:3 �H��)'P
��-' �9:1* �� S�$ �9@�7!1 ' �/ �� +%
� �/#2E�H/�#:3 ' �

L8" �� ����< ����< E�/� � .!
� ���D8� E%H83.C91 E�#H:3 
%�� � �?9N.@.

��HH���< E�HH/�#:3 �
�979HH2 _HH9N.@�#9@�HHN �?�HH� E�HH/
 +) %�  ' �F9	.c �" �3 �F9	.c'� �HF$�
 E�HC
 ERH�� ;
.H@

5#;
  X9C,@ �� � \<.9]^@ X� E%83.C91 %8F�H/ �H/ .;H
  �H3
 ?�HH� `
 >HH	  �HH3 �HHN Z�#HH� �Mn/Ca '(Mn+Mg)/Ca 

E%83.C91 ����< E�#:3 ) �/ �H�-' +�) '� �H3 �H�-' �H��)'P 
�� .99a@%8N .����< �
�9792 _9N.@ ���,H	 ��H�� XH� #5 �3 �/

 ����� L8" _9N.@+��2�/;H!7/ ' .H��85 ��,F�  �.� ����) �-
�� � �!F�3 �<%2 .����< ���� L8" �
�9792 _9N.@ ��' �H/

 R�� )  � #5 ;
.@ +%88N ;99d@ XE�H/�#:3 ;
  �
�9792 _9N.@ 
�HH3 ') E'.HH91 �* E%HH83.C91 �HH"  �HH���< E�#HH:3 .��  \HH�

E�#�#F9� ����< �� .�85 ;
  %��� �R9�:N )  �8� E�/ f�H3 �/
 X9C,@ �5�3 ' +�#3E%83.C91 E�#:3 ��-' +�) '� �� S�$ -

�#2 .E�#�#F9� �� ��#H3 ;9
�H1 �H:5 �H3 R9�H:N )  .H9�	 E�/
�� ����< �� .�85 ;
  %� �/E%83.C91 E�#H:3 �H�-' �H��)'P 

�� X9C,@ S�$�#2 .�3� >H9� .H!
� Z��?5CaO L8H" �� 
����< �
�9792 _9N.@ Y.F8N �� �:�  X� #5 )  �C
 ���� ' �/

 �
��� ����
��"�82�*�"�/ .

�]@�
 
[1] Klein C., Harlbut Jr.C.S., "Manual of 
mineralogy", 21st ed., John Wiley and Sons, 
(1985) 596. 
[2] Li Li H., Kuang X., Mao A., Li Y., Wang S., 
"Study of local structures and optical spectra for 
octahedral Fe3+ centers in a series of garnet 
crystals A3B2C3O12 (A = Cd, Ca; B = Al, Ga, Sc, 



 ./) ��/�r" ��
 ).9� ;9�&�Ps� �+./).9� ;9�&�
 )+ #$� � �� .
  �"�82 ���N ' �"�82�#:3 �:M� ��U

In; C = Ge, Si) ", Chemical Physics Letters, 484 
(2010) 387–391. 
[3] Locock A., "An Excel spreadsheet to recast 
analyses of garnet end-member componets, and a 
synopsis of the crystal chemistry of natural silicate 
garnets", Computers and Geosciences. V, 34 
(2008) 1769-1780  
[4] Russell J.K., Dipple G.M., Lang J.R., Lueck B., 
"Major-element discrimination of titanium 
andradite from magmatic and hydrothermal 
environments; an example from the Canadian 
Cordillera", Europe. J. Miner, 11 (1999) 919-935.  
[5] Kretz R., "Symbols for rock-forming minerals",
Amer. Miner. 69, (1983) 277-279.  
[6] Schmid R., Fettes D., Harte B., Davis E., 
Desmons J., Silvola J., "Towards a unified 
neomenclature in metamorphic petrology, 1. How 
to name a metamorphic rock- An outline no behalf 
of SCMR", Provisional version on SCMR website 
(2002). 
[7] Sepahi A.A., "A detailed study of morphology 
and chemistry of garnet crystals with suggestion of 

new subdivisions: data from pelitic schists, 
hornfelses and aplites of Hamadan region", Iran. J. 
Sci. Tehnology, V. 31, No. A3 (2007).  
[8] Kostov I., "Mineralogy", Cliver and Boyd, 
London, 587 (1968). 
[9] Rösler H.J., "Lehrbuch der Mineralogie",
Deutscher Verlag für Grundstoffindustrie, Leipzig 
(1991). 
[10] Sepahi A.A., Whitney D. L., Baharifar A.A., 
"Petrogenesis of andalusite-kyanite-sillimanite 
veins and their host rocks, Sanandaj-Sirjan 
metamorphic belt, Hamadan, Iran", J. Met. Geol, 
22 (2004) 119-134. 
[11] Sepahi A.A., "Typology and petrogenesis of 
granitic rocks in the Sanandaj-Sirjan metamorphic 
belt, Iran: With emphasis on the Alvand plutonic 
complex", N. Jb. Geol. Palaton. Abn, 247 (2008) 
295-312. 
[12] Deer W.A., Howie R.A., Zussman J., "Rock 
forming minerals, Orthosillicates", Longman, 919 
(1982).

 


