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


� ���(&(� R(�
C 
(STC���	�������	�� ���	��� 
�#9@�N �?�� �����< E�/�#:3 �
�9792 _9N.@ �F9	.c'� E�/

 +) %H�  ' �F9	.c �" �3 E]�HF$�
 �HC
 E[.H3 .]sH� XH� #5 ) 
����< E�#:3 E%83.C91 %8F�/ �/]m�j[)XC2H/E��U'��.(

' .:"� ��F"�I E���8,91 E�/� �#7� �3 �-#@ �3 .H99a@ �"�.3
 �#9@�N %��� �� .��85 E�/ �H�-' +�) '� E%83.C91 ' S�H$ 
��-' ���)'P S�$ ��D8� ����< E�/�#:3 �����;H
  �3 � #@

 +��2  �FC��.N �#9@�N �?�� �N E�/Ca2+'Mn2+;
.F,H93 
;99d@ ��  � `�� E%H83.C91 3%H�� � �H���< E�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 .;
  ��  � E%83.C91 .99a@� #@ Z�#H� ;
  �3  � 

����< �� �N �2 � ��93 ;9
�H1 �?�H� �3 ;
%��7�* )  �8� E�/
XGrs/XSps 'XGrs/(XSps+XPrp) E%HHH83.C91 E�#HHH:3 
��-' ���)'P�� X9C,@ S�$ ����< ' �#2 f�H3 �?�� �3 �
�/

XGrs/XSps 'XGrs/(XSps+XPrp)�E%HH83.C91 E�#HH:3 
��-' +�) '� �� ��M
  S�$ �#H2 .�H���< ;9H8�7/ �H3 �
�H/

 �H3 '� ;9!��H9� �?�� f�H3 E � � �E%H83.C91 �H?9N.@ E�#H:3 
%8F�/)Y'%-W.(

�6�+U�#9@�N �?�� �3 �F�3 ' ����< E�/�#:3 E%83.C91 .99a@+) %�  ' �F9	.c �" �3 �F9	.c '� E�/�F$�
 E�C
 E]m[.

�6�++�#9@�N �?�� �3 �F�3 ' ����< E�/�#:3 �
�9792 _9N.@ .99a@+) %�  ' �F9	.c �" �3 �F9	.c '� E�/�F$�
 E�C
 E]j[.

CaFe 

CaAl 

MgAl 

MnAl 

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

 ���@0.3�#9@�N %��� .9]^@ �"� �� �����< E�45  ' �/E%83.C91����< E�#:3 �/.
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 

_��D� �3 �-#@ �3 f�H3 �#9@�HN � %H�� �E�H/Ca2+'Mn2+

.3  � .9]^@ ;
.F,93��
��"�82 � � ����< E�/�#:3 �� %�� ' %
�#9@�NMg2+.3 �7N .9]^@ E%83.C91 �H���< E�#H:3 �H� �H/-

�� \< .�9Hq� ��,H	 ' �H�� � >H9� �3 �-#@ �3Ca, Mn, Mg, 
Fe2+�F$�" �� �8
>!
�- E .3 ��3 ����< Z�#� XH75 �3��F�  

��%88N .��,H	 ' ��� ;9
�1 Z�-�� ��Mn 'Ca �F$�H" �� ' �
�� ����< ����< ' %�#2 ;9@���r"  ' �f#" .< E�/  � X9C,H@

��/�%8.�3 B)fE�'*��
 �* + .H7/ >H9� ;
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%:-�m+��72 �A���F��) �=mj X� #5 �"�.3 Y.F8N+%88NE��
��"�82E�/�#:3 . . .�Wp

����<  \� �3 E�/+�!F"�$ E � � _H:�  �#<.<� E%H83.C91
 �H�-' +�) '� ' S�HH$ �HH?9N.@ %8F�HH/ �HH���< �H�' �HH3 E�HH/

+�!F"�$ _:�  ;
�P* ��-' ���)'P E%83.C91 %�� � S�$ .;
 
 ��  � +%
%1 � #@ �3 �H���< ;H
  ���� L8" �
�9792 _9N.@ �H/
 �.N �9-#@ .*�9:1 �H���< E�/ � �)�H�#7�WAplit�Y'%H-�('

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

 ���@E~'� �3 ����< E�/�#:3 �
�9792 >9���* �
�F�EPMA.
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
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