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Abstract: The injection of I-type granitoid bodies (Hosh intrusion) with calc-alkaline affinity 
into Lower Cretaceous limestones (Taft Formation) has produced the various types of related 
skarns and marbles. Thereby, those skarns formed can be undoubtedly divided into four 
groups, clinopyroxene-plagioclase skarns, clinopyroxene skarns, clinopyroxene- vesuvianite 
skarns and moreover garnet skarns. Additionally, calc-silicate bearing marbles also show an 
especial mineral assemblage consisting of olivine, clinopyrocxene, garnet and vesuvianite. 
Based upon geochemical studies, two types of garnet can be distinguished in these skarns. 
The first, Type is the garnets with grossular composition in which they are found with calc-
silicate assemblages in skarns and the second, Type is the garnets with andradite composition 
present in garnet skarns. Clinopyroxenes in those skarns feature a composition varying 
between Ca-rich diopsides, salite and fassaite. Based on the chemical composition of the 
intrusive body and the related skarns, one can conclude the close relationship of these skarns 
with Cu and Zn skarns. 
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��'��C@%'�� � + @�C�./% �� @�/I '�.G��5S%.6	 �.}F �C@� &/;( �W'� 
�, �� ����B'6X�/I '#� <
A.: �	�% ��P�I'#5S%./'N.H���.% �._< ':.1��I < �'!
�� ������15  @����B.
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����B �
�'��I X0.WP� �W'(.AT XZ��[���'��
<<,<��'�.#5u<��� +�I<!':... �t

 

@#�E� �.W� ��AFM ]n[��W" ���.W�  !B �C
� ��$� +��1�J.1��I 7�&6C� .��� �.W� ANK �% �x�� ACNK ��.W� �C@�� �LZ��[� ��.L� 
D!#�B �.�J�#� '� �.W� �� < +Rb/Y+Nb ]�[ 
��.W� +�� �CD!#�B  !B �'A.#'�C&@��$3$"J Y.] �)&( w] < &�  . ��
��$L� �C w%!� �C� �.W� +

&6C�D� !B 'A.#'�C&@ � < ��[6� 
)!�C � )&6C� ��$� 
/:J N'#�6#�C &.� �.W��C@O��( !I��C MgO, K2O, Fe2O3/Fe2O3+FeO �L% �x�� 
SiO2� <'?�C� �.W� @Rb/Sc <V/Ni  !% @(.AT f% <� �� � ��$� 'W� !B �'A.#'�C&@��[6� )v.[d (� <
� !B !*'A.#'�C&@<�F @�����1L5  @

c�)e/i�(Sb �)[#��'O(�.� �'�&x) �
)!(+#�*6" �)%SZ)<(<� <@)�&%!�.(

Tholeiitic

Calc-Alkaline

Na2O+K2O MgO

FeOt
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�)� , �1� �@�$*C� -&�� �A�3( ����I��  �A.W0 ��

F�3G5I!"'( ^'W'��
K65 �C@G.3� @ � <
/:J N'#��[6� X�Z��[� ��.� )���J'?XRF�, ���,�5 �'+5�6(� 
� !.(
Number 1 2 3 4 5 6 7 8 9

Rock intrusion intrusion intrusion intrusion intrusion intrusion intrusion intrusion Aplite 
Sample TM.1 S.27 HO.28 HO.123 T.1 T.2 T.3 T.4 D.1 

SiO2 ���/�� 8��/�� ���/�m ��n/�� �82/�n 8�n/�n �88/�m �nn/�n 2/�� 
Al2O3 mm2/�� n��/�2 mn�/�2 2n�/�2 8n2/�m �on/�8 �m�/�8 om�/�m nn�/�� 
FeO(t) 8n�/8 ��8/m o��/m �m�/8 8�/2 ��n/m ��2/m m�n/m 8o�/o
MgO 8�2/2 8��/8 �n�/2 o��/8 nn/� �o2/2 ��m/� �8n/� o��/o
CaO ��n/m mm2/m 2��/� 8m8/m �8�/n �om/m �n�/m �om/m n�8/o
Na2O 8��/2 �o�/2 o�/8 ���/2 �m�/2 ���/8 mm�/8 8��/8 2m8/2
K2O 88m/n �m�/2 �22/2 o82/8 ���/m o��/8 2�/8 o8�/8 ���/�
MnO ���/o ��2/o o��/o o��/o o88/o o�n/o o��/o o�/o oo�/o
TiO2 88�/o nn�/o m��/o n�8/o m��/o �n�/o �n�/o n��/o ���/o
P2O5 o��/o 2�8/o ��n/o �mn/o �n�/o 8m�/o 8m�/o ���/o o2�/o
Total ���/�� ���/�� oo8/�� ���/�� �2�/�� �8�/�� o8�/�� �2n/�� �2m/�� 

Ni �/m �/� m/n �/� 2/�m �/�8 8/�m �/�2 �/�8 
Rb �/�mn n/�n �/�� 2/�8 �/�� �/�� �/�m �/�n �/2o2 
Sr n/��� �/��� �/2�� m/2o� �/88m �/2�o 8/2�2 �/2�� n/�mo 
Y n/82 �/8o 8/8� �/2� n/�� �/�2 2/�8 �/�m �/2� 
Cr m/�n �/�o� m/�n n/�2 8/�o� �/��� �/��� �/��� �/�28 
Zr �/�8 �� �/�2 �/�� 2/��2 �/�nn �/�nn 2/�nm �/��� 
Nb 2/� � �/� 8/� �/�o �/n �/n 2/� �/�� 
Ba ��n �/8�� 2/2mn �/m82 n�� 8/n�2 n/n�2 �/m�� �/��o 
La �/o 8/8 m/8 �/� �/88 �/28 �/28 �/8� �/�� 
Ce 2/�o �/8� �/2� 8/m� m/�� n/�� �/�2 �/�m �� 
Yb 2/o 2/o 2/o 2/o �/� �/� �/� �/� �/�
Eu 2/o 2/o 2/o 2/o n/o �/� 2/� n/� 2/o
Sc �/�8 �/�� �/�� �/�� �/� 2/�� �o �/� �
V �/�mo n/��8 2/�nn �/��o �/nn �/�� n/�� �/�o �o 
Pb 2o n/�� 8/� �/� n/�o �/m �/��2 2/�o m/8m 
Cu �/��2 m/2o m/�8 nm �/m� �/m 8�m �/8� �/8� 
Co 8 2/� �/2 �/2 8 �/n m/m m 8
Zn �m� �/�� �/mn 8/n� 8� 8/�o �/m� �/�� �/2m 
Mo �/o �/o �/o � 8/2 � n/� �/o n/�
Th �/� �/o � 2/o �/� � � � n/�m 

�;����
 & 	�$ � H	�
�	3�-,
 & �IJ *
+ I	6�
I& H�I-,
D
%�,��� "��#�$ 
d!%��, ,  '+% f% <� ��5�6('I!" +'( ^'W'��
�." DG.3� @

�C�����I H.� <@���15  �1$" '5�!% ��.�  � )&( O�� !] 
)� � &� ) !%@h�i� ]���m[.(h<&_2+'*��'�I!" '^

('W'��
)/4  !4�60�()�."�C@G.3� @���_ ����15  H.� <-
@�C� ��$�  � ) !WC �&C� . !%@� !B h�i� 'A.#'�C&@ � � @

�����15 @+CJ �%����
!"u�% !@, MgO���� <
!#WI !@, 
O2K<2SiO� H .�  �% �x�� 
� \�$� �����15  !*�&�.(
]�8 ��2[.� � &��'*��'+K2O� !B �� 'A.#'&�C@!% !% E.F 

m/8��,< &4�� �5  .� �#x� ' � ?
�I  +' !% &@� !B 'A.#'&-
�C@� � @�����15  @!% !% +CJ �/2�����15  �@!% !% Sb n/2�

�����15 @!% !% c� �/8�����15  <@<�@�/m��,< &4 �� 
�5  ]�8[. !%�6%
� +'� ?K2O� !B 'A.#'�C&@�% E.F 

~
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����B �
�'��I X0.WP� �W'(.AT XZ��[���'��
<<,<��'�.#5u<��� +�I<!':... ��

 F�3G8+'*��'� I!" '( ^'W'��
)/4  !4�60�()�." �LC@G.L3� @
�����15  �% ) !WC@<� �Sb �c� @J <+C.

Skarn Type Fe Au Cu Zn 
SiO2 8/n� m/�� �/�m �/��

Al2O3 �/�� 2/�� �� 8/�m
TiO2 �/o �/o n/o m/o
Fe2O3 �/2 �/2 n/2 �/�
FeO n/m �/8 m/2 8/�
MnO �/o �/o �/o �/o
CaO 2/� �/n �/8 2/8
MgO 8 2/8 �/� �
K2O �/2 n/2 �/8 �/�
Na2O m �/8 m 8
P2O5 8/o 2/o 8/o 2/o

� !B'A.#'�C&@ � � @�����15  @��� O%�] c� 
���5 )O1(
m.(�'� � ?'*��'+MgO 
� !B +'A.#'!% !% �C&m/2&4��

��,< �5 � !B �% �I 'A.#'�C&@�����15  O��F @c�
)�.�wt.% MgO (�����15  <@+CJ )wt% 8MgO  ( O%�]

���
���5 )O1(m.(�'u�% � ?�
�I  ,  '+CJ &�5
	!�'#�).F ��D,� �.W� 7
��V  (� !B'A.#'�C&@E.F 

���$� @���#: �._< ,  '<� < c� O@�5 )O1(m.(��
� �.W� ANK ^�F !% ACNK �;��6R&( )��(  ���.W� �C@

�<&g� �� �Z��[� ��.�D�.�J�#� '+)O1(m()&( w] <�5  
,  ��$� �I�;
�?� 
� !B +'A.#'� !B �% �C&'A.#'�C&@<�F @

�����15 @<� < c� @< �?'� �&( >#$� 
, �����15  +
� !B'A.#'�C&�
�%)�*#5�d�#(.B  @B�.�J �% ) !WC ��C@

�#5.: @�3" '!��.(�]�n[.�'� ?Rb� !B 'A.#'�C&@E.F 
�%'9#� ��'!�5 )%'+X6'WV ppm�/�� �"X6'$'% ppm
�/�mn(�� <� �.W� Rb/Sc��W" ���.W� �C@�� �Z��[� ��.� 

�<&g�D� !B 'A.#'�C&@<�F @�����15  @Sb < c� �� � !] -
&�!'B)O1(m.(����
u�% !@Rb �� 
� !B +'A.#'���$� �C& @

�#5.: � .� ���d� ,  @1$" �� '�WB�� O@XW$R 
� !B'A.#'�C&@< �#( � E.F 
 �
 �16
� !B +'A.#'O4�F �C&

 ,  �./x"
NXW$R �WB�� 
��%'���#	�
 >
!3"&�  .��� �.W� 
V/Ni� !B 'A.#'�C&@�W" ��[6� 
� !B �% O'A.#'&<�F@

�����15 @c�)� !B'A.#'�C&@H.� I(� ��$�  ��&6C�)O1(
m.(


 &	� H	�	�����
 ��-
������B :�[6� �� ����BX� M�.L4 <� �L% �LZ��[� ��.� L
)&
���.(��<  M�.4 �% ')�." < � @���<�����15 @�L�[6� )��

������1LLL5 <&�  �����1LLL5 @/I':.6'< +�LLLI<! �����1LLL5 @
/I':.6'+�LLI<!�<<,<
��LL'�(<?LL'� �LLB� M�.LL4 �LL%  @��

�����15  ����B @.����B�C@�L0.WP� �L% ) !LWC h<  H.� �LC@
LLL5 NLLL��I'/'x] ,  �"�1LLL'/I O':.6'<<,< �+�LLLI<!
��LLL' < �

�.#5u<'����F �� �) !WC -<� H.� �I �L/I �L%'Iu�� �� L' ��
�<,J
#6*� ��'��.% ��'��:.1��I <'!
� �
� )&��.( .L('W�

����B �0.WP� �� �C�C@���1L5  ��L�<!#;�  D&L�, �!: ?L
� �L% 
Z" 'L' �L5  )&L( +)h<&L_8.( !L%@ L
)�*#L5� ,  �.Ls6� +

Cameca SX-50 )�*$L� � �� Nancy &L( )��3#L5  ��L� !	 .
!_ < T�#�<
� )��3#5  ��.� ��  �
���J +'"!" �% ?'!L% !% ^12kv 

<10nA�5  )�.% .�<, ���C@6`��L���B ,  )Garnetites(�
�5�!% ('W�����B �C�%E<� EDS )�*$� � �� Oklahama 

!�J
�	!B M�.4 �1)h<&L_m(. �� )��3#L5  ��.L� T�L#�< L
 +
!% !% E<�kv2n �5  )�.% .�x��Fe+3/Fe+2 ����B �� �LC)<

:'C +�I<!�(�% �_." �% ]��[�: M�.4 
�5  �#	! .��� �.LW� 
� �&LL�J
��!�.LL5 !B –"���LLz5 '+��LL���B <� �� �LLCD!#�LLB

� �&�J < !�.5 !B
�L� � !]�&L�!'B .�L���B �� �LC �����1L5 @
����B� � � @I!" '� �&�J ^
� H .�  �� < �
 � � �����1L5  !*@

I!"LL' !�.LL5 !B ^&6#�LLC)O1LL(n.(I!"LL'� �&LL�J ^
#� LL
 +
����B x( �C'��
� �&�J @�C@�����15  c� �5  ]��[.)<S0

  !%
����B +�C@).�]  @�W#� 
��I �% �I ?x5 �% O�A ,�) !LWC 
&��.%)�������15 @����B ( !L%@Z"'L' WI !L4�60 +L'l��L% 
E<�ICP-Ms )�*$� � �� Oklahama !�J 
��L�J �L1'?&�&L( .

&%
�� � �.s6� +�C@����B  ,�����15 @#���B�< )&(  &_ �%
5 '&HCl ]� '&�&( �#�( >. Y�5 !%
���J +'� ?L'�cL� � ?
<�@�Sb <@ 
����B +{�#x�� �C u�% �5)h<&_n.(�<, �LC@
��I�A ,�!L% >x[6� �����1L5 @#���LB��LC �L���B �L% @H.L� 

� �&�J
#�&6#�C .+CJ !r60 ?I!W")Fe+3 ( �L���B �� � �LC L' ?
�� ."  \d�( &�
&: +
&(�% )& .{u.4 %�_ ��L_�
!rL60 Al+3 

5< �%'X/Fe+3 A�L: ^x5 '+L5�B.	 �&L�J '�LI  �#' ���
��LP
 !LLLL(
F fLLLL'��
�LLLL��I �$LLLL�� <LLLL� �LLLLC��.LLLL( .
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�)� , �1� �@�$*C� -&�� �A�3( ����I��  �A.W0 ��

 F�3G<E, �!:?
�����B �����15  �� �C.
Sample SiO2 TiO2 Al2O3 Cr2O3 FeOt MnO MgO CaO Na2O Cl 

� 222/8� �n�/o mmm/�� o ��n/� on2/o ��8/o 2��/8n o��/o o28/o
2 8n�/8� �nm/o n��/�� o��/o �2�/�2 m�2/o ��m/o �8/8m o8�/o o2�/o
8 m��/8� �o8/� nn2/�m o �28/� ���/o n2�/o o�/8n o o2�/o
m �o�/8� ���/o 2�n/�� o 2��/n 8�m/o oon/o 2�m/8� o2�/o o
n ��n/8� �o�/o m��/�8 o m�8/�o 28n/o 2�/o ��n/8n o�n/o oon/o
� �o2/8� ���/o 2�2/�� o��/o n�m/�8 2o�/o 2o2/o 2��/8n o o8�/o
� �22/8� �2�/o �22/�2 o�m/o ��2/�� n��/o ���/o no�/8n o2�/o o
� �nm/8� ���/o ��2/�� o �n�/�8 2��/o 2�n/o 88n/8n oo8/o o

Sample FeOcalc Fe2O3cal TSi TAl Sum_T AlVI Fe3 Ti Cr Sum_A

� n��/8 ���/8 o88/� o o88/� ���/2 m�2/o o��/o o n8�/8
2 m�m/� ��2/� �m�/n onm/o � ���/2 �n�/o o��/o o�/o o�8/8
8 8�2/m ��/m o2�/� o o2�/� ��8/2 n�m/o �8/o o 8��/8
m �m�/2 �m2/2 ��n/n o�n/o � �m/8 8m8/o o��/o o n�2/8
n 2m�/n �2�/n �2�/n o�m/o � m28/2 ���/o o�8/o o ��n/8
� ���/� nm/� �n�/n om8/o � om�/2 ���/o o�2/o oo�/o o8�/8
� ���/n �n/� ���/n �o8/o � 2��/2 ��2/o o�m/o o�2/o �m2/8
� n��/� 8o�/� �2m/n o��/o � o��/2 ��n/o ���/o o o��/8

Sample Fe2 Mg Mn Ca Na Sum_B Cl Alm And Gross 
� m�8/o �m�/o oo�/o ��8/n oon/o m2�/� oo�/o ���/� on�/�8 8��/�� 
2 ��/o om�/o o�2/o �n�/n o��/o �8�/� oo�/o mom/�2 on2/2� n��/n� 
8 n�n/o �28/o o28/o ��m/n o n�m/� oo�/o n�2/� ���/�� n2n/�2 
m 8m8/o oo�/o om�/o o2�/� oo�/o m2�/� o 8m2/n �/� �nm/�m 
n ��/o o��/o o8�/o o��/� oon/o �on/� oo�/o �m2/�o n�8/2� �n�/�� 
� ���/o om�/o o2�/o ���/n o ��m/� o�/o ��2/�2 n�8/2� �nn/n� 
� ��8/o omm/o o��/o �m�/n oo�/o �n�/� o m��/�� ���/2m m�m/�� 
� ���/o o��/o o8�/o �n�/n oo�/o �8�/� o m�/�2 ���/2� ���/n� 

Sample Pyrope Spess Uvaro 
� ���/2 �on/o o
2 ��m/o ���/o 8�2/o
8 ��2/� 2n�/o o
m o��/o ��m/o o
n ���/o m�/o o
� ��n/o 8��/o 2��/o
� �m2/o ��2/o 8��/o
� ���/o n�/o o
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����B �
�'��I X0.WP� �W'(.AT XZ��[���'��
<<,<��'�.#5u<��� +�I<!':... ��

 F�3GE���J'?EDS �L���B B �� �LC ���1L5  �L��� �LC)Alm=Almandine; Gross=Grossular; And=Andradite; Uvaro= Uvarovite; 

Spess=Spessartine(
Number SiO2 Al2O3 FeOt CaO FeOcalc Fe2O3calc TSi Sum_T 

� 8n/mo o2/m ��/2m ��/8o ���/� ���/28 ��m/� ��m/�
2 nn/8� m�/8 m�/2� n/8o ��/� �2�/2n n��/� n��/�
8 �2/8� 2n/8 2�/2� nn/8o 2�2/� �m�/2� 88�/� 88�/�
m m�/8� 2�/8 8�/2� ��/2� 22�/� �8�/2n n�2/� n�2/�
n ��/8� m/8 o�/2� �n/2� 2��/� �o�/2n ��8/� ��8/�
� 8� ��/8 �/2� 2�/8o 2m2/� 2�2/2� no�/� no�/�
� �/8� 8�/8 n�/2� ��/8� ��n/� 28m/2n m��/� m��/�
� mm/8� �n/8 mn/2� 2�/8o 28n/� o��/2� mon/� mon/�
� ��/8� 82/8 �2/2� �m/8o 22/� �n�/2� m��/� m��/�

�o 8/mo ��/8 �8/2m o�/8� ���/� n��/28 ���/� ���/�
�� �2/8� 8/m o�/2� �/2� ��8/� �n�/2m �2�/� �2�/�
�2 ��/8� ��/m �/2n ��/2� ���/� no2/2m n�2/� n�2/�

AlVI Fe3 Sum_A Fe2 Ca Sum_B Alm And Gross 
��8/o �8�/2 �2/8 �nn/o mn�/n �o�/n ���/2 �n/�� 2��/�� 
��8/o �m�/8 �2n/8 ���/o m8m/n n��/n �n�/2 �8�/�2 ��2/�m 
�m/o 8�8/8 o�8/m ���/o m��/n �m�/n �m�/8 o�/�m ��8/�2 

�m2/o 2n�/8 ��m/8 ���/o 8n8/n n2m/n �o2/8 no�/�8 8��/�8 
���/o 22�/8 ���/8 ��/o 88/n m��/n o��/8 �8�/�2 o��/�m 
�2�/o 2��/8 ���/8 ��8/o mo2/n n�n/n �o�/8 ���/�8 �om/�2 
��2/o �nm/8 ���/8 ���/o nn�/n ���/n �o�/2 �n�/�2 m8�/�m 
�nn/o 2�n/8 o2�/m ��2/o mo2/n n�m/n o��/8 2�2/�� �o�/�n 
�n�/o 22�/8 ���/8 ��/o m��/n �n�/n oon/8 ���/�8 ��n/�8 
�8�/o �82/2 ���/8 �nn/o no�/n ��8/n �2�/2 ���/�� 8�n/�� 
�m/o o��/8 �8/8 ��8/o 2�2/n mmm/n ��/2 ��2/�� 8��/�� 

��8/o on2/8 ���/8 ���/o 8o�/n m�2/n �mn/2 ��/�� o�n/2o 

@#�KI!" '/I ^':.6'+�I<!�C@�����15  �� �._.� @��[6� .����B�C@�����15  �� �._.� @��[6� )� �% ) !WC
L5 N��I !*'/'��"�1 ( � �@
I!"')�.% !�.5 !B ^)w%!� (��F �������B �C@#���B �� �._.� '��C) �
)!( � �@I!" '� �&�J ^
�&6#�C .

Clinoenstatite Clinoferrosillite
Pigeonite

Augite

Diopside Hedenbergite

En Fs

Wo

Gross And

Pyrope+Alm+Spess
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�)� , �1� �@�$*C� -&�� �A�3( ����I��  �A.W0 �


 F�3GK�'*��'���J +'?ICP-Ms !% @Z"''WI !4�60 +'����B l� �� �C@�����;5  ����B.
Element Value Element Value Element Value Element Value 

Ba �/��� Ta �/o Nd m/2� Lu 2�/o
Be 8 Th �/� Sm m/m Mo 8/2
Co 2� U 8/� Eu 2�/� Cu �m 
Cs �/o V �� Gd ��/8 Pb �/�o 
Ga m/�m W �/8�� Tb �8/o Zn �o� 
Hf m/2 Zr n/�� Dy ��/8 Ni �/�
Nb �/� Y m/2o Ho ��/o As 2/m�� 
Rb �/�8 La �/8� Er ��/� Cd �/o
Sn �2 Ce �/�� Tm 2�/o Sb �/n
Sr n/22� Pr o�/� Yb �8/� Bi �/�� 
Ag 2/�n Au �/�m8 Hg o2/o Se n/o

2�/I':.6'+�I<!�C:I!"'/I ^':.6'+�I<!{��.W0 �Cb �� '�
�
�:.'&�C@6`��/I ,  '� < U'?��5 '�� � !]�B'�!)O1(
n.({u.WZ� ?	  �%
7Al2O3/I ��#d�5 �� ':.6'+�I<!�C�
�'� ?MgO,CaO <SiO27C�I 
��F �� �#	��� �I '� ?

FeO <TiO2 ?	  
$� �� ��$� �&6C� .d!%�, 
/I':.6'+�I<! �C))��W(�C@��<��h<&_ �� �( � �@

����
u�% !@Al2O3� ��J �% ) !WC �I )�.% '� ?FeO �'?
 ?	 
7?'� < �#	�
 �x�� Fe+2 Fe+3/�'� �% �x�� ?
!*

/I':.6'+�I<!u�% �C�5.I!"' ^
/I +':.6'+�I<! �%�$� �C
I!"'A�5�	 ^'��5  ]��[.d!%��
/I ,  !*':.6'+�I<! �C

))��W(�C@2o<2�(
 ?	  N
$�� �� '� ?MnO<?'� ��
� &��FeO� ��$� �&6C� . ��
/I +':.6'+�I<!���� �C
!

MgO �CaO�<&F �" <@Al2O3<SiO27C�I �#	�
&�  .
 !% )<S0
� +'� ?Fe+2%'���� ,  !#$
!Fe+3 �5  . !%�6%
+

����
�}0  !@���
�:�.���C._ '�)Johansonite ( <
T!x�&C
�)Hedenbergite ( ��
: +'+�I<! u�% �#x�� �C

#�C&6. ��
 !( ���F +
F f'��
!"u�% @ !% @1$" '���J O
� �#	!B !s� ����.(]��[.(.AT !s� , 'W'��
I!" ' ^
+

/I':.6'+�I<!/I �%�$� �C':.6'+�I<!�C@�� �._.� 
�����15 @c��5  .

8�TS: 
�C,SI. :TS:
{u.WZ� �C,SI. �� �����15 @
/I':.6'+�I<! �TS:
,SI.)�����15 <&�  (I!" < �#( � �._<'^

J{��.W0 ��� �� D!#�Bx�J'�)�%�o�"�2%x�J'�(�#	!B � !] <
�'{u.WZ� ���J ,."�<  � ?% &F �� ', 7�/o%�5 )h<&_�.(

��1$" �I �3B � ."'��I O��C@���15  � �� 
�<, +
)�����15 <&�  ( e0�%	 ?
7!4�60 @&5 &6��� 
�WB�� �� U@

]�%�� )&��� ��.(�,
 !&5 �I
�_ U
C�*��#d�5 �� ���I '��@
���15 ��� &� .&5 wWP"  ��
�WB�� �� U@]�% ��� )&��� 

���15 <&� � �C�^x5 &� ."����!B�@&5
1$" < U'x�J O'�
�C@�.��.� .(�.
m�+35  :�� ��C@ � � �����15 <&�  �� +35  @���� 
{�#x�� !

u�%�
, Al2O3<FeO &6#�C .?	  �% ) !WC u.WZ� 
7Al <
Fe� �'� ?Ti+35  $C�I �C�� ��$�  � �^x5 �% �I &C�
�_
?*
6�Al <Fe�_ �% @Ti �5 )h<&_�.(
n��.#5u< '�: 
��I +�{u.WZ� ��W" �� ������15  @��.� 

�� � �._< �Z��[� .�'� ?CaO 
�.#5u< +'u�% �#x�� ��#�5.
�'� ?FeO 
�.#5u< +'�9#� �C'R�� < !'?��F �� )�.% ��I
�'� ?MgO�<&F �" @u�% �5)h<&_�.(
��<<,< 
��'�:� .60 �%
1���I ,  ��C@/4  �1$" '&6C� OD

�����15 @/I':.6'+�I<! –����B �<<,<
��' � � �@�'� ? 
u�%�
, TiO2<CaO &6#�C)h<&_�o.(

��3�J '% < h.x'".'�: 
��I <� +��." �� DG.3� @�[6� �% �
��I M�.4��C@0!	 �&�� � �._< .I!"'3�J ^'h.xb �� �C'�

#I '�.6'&6/x��.C �� � !]�B'&�! .%'".'��� �CD!#�B�J'��
:.B./	'��#( � � !]� <'� ?Al(IV)A�: ���J '+�5  .�'� ?

XFe 
% +'".'�9" �C''" !�%'+m�/o�"m�/o� ��$�  ��&C�
)h<&_��.(
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����B �
�'��I X0.WP� �W'(.AT XZ��[���'��
<<,<��'�.#5u<��� +�I<!':... ��

F�3G L"I!'( ^'W'��
/I':.6'���15  <&�  �� +�I<!�C@�Z��[� ��.� .
Number � 2 8 m n � �

Na2O om�/o oom/o on�/o o�8/o o��/o �m�/o o
SiO2 o��/nn �m8/nm 2n2/nm 2�8/nm �mm/nn ���/nm �8�/nn 
K2O o��/o o o22/o oo�/o o o��/o o
CaO n�/2n n��/2n 2�/2n ���/2m on�/2� �m�/2n m�/2� 
TiO2 o o o��/o o�2/o o oon/o om2/o
Cr2O3 o8n/o o��/o o ��m/o o o�/o o
MnO mn8/o 8��/o n�/o m��/o n8�/o mn�/o m�n/o
FeO o8�/� �28/� 282/2 8�m/2 �22/� nn�/2 ���/o
MgO ���/�� ���/�� o�n/�� o��/�� 8��/�� ��n/�n 8�2/�� 
Al2O3 2��/o 2�2/� mo�/o 8�2/o mm2/o n�2/o 2m�/o
Total ���/�� ��m/�� �2�/�� mmm/�� m�n/�oo o�2/�oo m��/�oo 
Na oo8/o o oom/o oo�/o oon/o o�/o o
Si oo�/2 ��8/� oom/2 ���/� oo8/2 oo�/2 ��2/�
K oo�/o o oo�/o o o oo�/o o
Ca ���/o oom/� ���/o ���/o o�m/o oo�/� o2n/�
Ti o o oo2/o o o o oo�/�
Cr oo�/o oo�/o o oo8/o o oo2/o o
Mn o�m/o o�/o o��/o o�n/o o��/o o�m/o o�n/o

Fe+3 (T) o o o o o o o
Fe+3 (M1) o o o o o o oo8/o

Fe+2 o82/o o8m/o o��/o o�n/o onn/o o��/o o2�/o
Mg �88/o ��8/o ���/o ��n/o ���/o ��/o �88/o

Al (T) o o��/o o oo8/o o o oo�/o
Al (M1) o��/o o8�/o o��/o o�m/o o��/o o2n/o oo8/o

Total m m m m m m m

Number � � �o �� �2 �8 �m 
Na2O o o�/o o��/o o2�/o o o��/o o
SiO2 �2m/nm m�2/n8 o��/nn 2m�/n8 m��/nm m�m/nm ���/nm 
K2O o o o8/o o o oo�/o oo2/o
CaO 8��/2� �88/2n ��8/2� �8�/2n o��/2 �/2n �m2/2n 
TiO2 on�/o ��n/o ��2/o mmm/o o�/o o�8/o o
Cr2O3 o o o8n/o o omm/o o omm/o
MnO m2�/o �nm/o mn�/o m��/o 82/o ��8/o 2n/o
FeO ��n/� �o8/2 ��/� m�n/2 �/o o��/� n��/o
MgO o��/�� �n8/�n 82/�� �m�/�n ���/�� o�n/�� ���/�� 
Al2O3 m�/o 8/� m��/o mn�/2 nm2/o 8�m/o mm�/o
Total m�m/�oo 2o�/�oo o��/�o� no�/�oo nmn/�� �2�/�� ���/�� 
Na o oon/o oo�/o oo2/o o oo�/o o
Si ���/� �nn/� �m�/� �8�/� ���/� ���/� ��/�
K o o oo�/o o o o o
Ca o22/� o�2/� om�/� oom/� o��/� o�2/� oo�/�
Ti oo2/o oon/o oo8/o o�2/o oo2/o oo2/o o
Cr o o oo�/o o oo�/o o oo�/o
Mn o�8/o o28/o o�m/o o�n/o o�/o o2�/o oo�/o

Fe+3 (T) o o o88/o o o o o
Fe+3 (M1) oo�/o o2�/o oom/o o o oo�/o o

Fe+2 o82/o on�/o o o�n/o o2m/o o2m/o o��/o
Mg �2�/o �n�/o �2�/o �m�/o �8n/o �2�/o �n�/o

Al (T) o�8/o omn/o ��/o o�2/o o�m/o o�m/o o�/o
Al (M1) oo�/o o��/o o om8/o o�/o oo8/o oo�/o

Total m m m m m m m
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�)� , �1� �@�$*C� -&�� �A�3( ����I��  �A.W0 ��

 F�3G ?�$�$L
Number �n �� �� �� �� 2o 2� 

Na2O o o oo�/o o2m/o om2/o ���/o �mm/o
SiO2 ���/nm ��/n8 �n/n8 ���/m� 2��/m� n�/n� ��2/no 
K2O o�2/o o o�m/o o o��/o o2/o o
CaO o�2/2� �2�/2n o8�/2� nm2/2n ���/2n o8�/2m ��8/2m 
TiO2 o8n/o o�n/o on8/o ���/o ���/o o o
Cr2O3 o�/o on8/o o o8n/o o8n/o o��/o o��/o
MnO 8��/o ���/o ��n/o o o o��/� ���/�
FeO �8�/o 2�8/� ��n/o �m�/8 8n�/8 2��/�o m�2/�
MgO 8�2/�� 28�/�� m�8/�� ��2/�2 �o�/�8 om�/�� ��n/�o 
Al2O3 8n�/o �n/� �on/o 2�8/� �8/� ���/o 22n/o
Total �8n/�� ��2/�� �m/�� ���/�oo ���/�oo �o�/�� 2��/�� 
Na o o o oo2/o oo8/o o�m/o o��/o
Si ��/� �m�/� ���/� �m�/� ��2/� �n�/� �m2/�
K oo�/o o oo�/o o oo�/o oo�/o o
Ca o�n/� ���/o o��/� oo8/� o�8/� o��/� o88/�
Ti oo�/o oo2/o oo�/o o22/o o��/o o o
Cr oo2/o oo2/o o oo�/o oo�/o oo�/o oo8/o
Mn o��/o oon/o oo�/o o o o8n/o onn/o

Fe+3 (T) o o o o o o88/o om�/o
Fe+3 (M1) oo�/o o2m/o o2m/o o�/o onm/o on�/o o��/o

Fe+2 o2�/o o�n/o o o��/o om�/o 2mm/o 2o8/o
Mg �m8/o �88/o �m�/o �o8/o �m8/o �8�/o �2�/o

Al (T) o�/o on2/o o88/o 2�2/o 2o�/o oo�/o o�/o
Al (M1) oon/o o28/o oo�/o �m�/o ���/o o o

Total m m m m m m m

F�3GMI!"'TS: ^
���15 <&�  �� �C,SI.�C.
Number � 2 8 m

Na2O 2m/�o 8�n/�o �m8/�o n2�/�o 
SiO2 8n/�n �8�/�� �n2/�� ��8/�n 
Cl o�/o o2�/o o2�/o o�/o

K2O o�2/o o��/o �8m/o �nm/o
CaO ���/� 8�m/� nn2/� 2�8/�
TiO2 o22/o om�/o o o
Cr2O3 o o o o
MnO o2�/o o o o��/o
FeO o�n/o om2/o oom/o o22/o
MgO o o2�/o o�/o oo�/o
Al2O3 ��/2o ���/�� 22�/2o 22�/2o 
Total 2�2/�� 8�/�� ��2/�� 2�m/�� 
Na n�2/8 ��m/8 n��/8 �om/8
Si 82�/�� �2m/�� ���/�� ���/�� 
Cl oo8/o oo�/o oo�/o oo8/o
K o��/o 22/o o8/o o8n/o
Ca 88�/o 2nm/o 2��/o 2m�/o
Ti oo8/o oo�/o o o
Cr o o o o
Mn oom/o o o o�8/o
Fe o�m/o oo�/o ooon/o oo8/o
Mg o oo�/o oo2/o oo2/o
Al 8m2/m 22�/m 2��/m 8om/m

Total �8�/�� �mm/�� ��n/�� ��8/�� 
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����B �
�'��I X0.WP� �W'(.AT XZ��[���'��
<<,<��'�.#5u<��� +�I<!':... ��

 
F�3GNI!" '( ^'W'��
+35  ���15 <&�  �� �C�C.

Number � 2 8
Na2O o��/o o o
SiO2 ���/2� �m�/2� o��/2� 
Cl o�m/o o��/o o

K2O o o o
CaO m�/2� ���/2� 228/2� 
TiO2 2n�/8� ���/8� ��8/8� 
Cr2O3 o2�/o o o�2/o
MnO o�n/o o om/o
FeO mo2/� n28/� �2m/�
MgO o8�/o oo8/o o��/o
Al2O3 ���/o 2on/� ���/�
Total �m�/�n n�8/�� ���/�� 
Na oo�m/o o o
Si �/8 �8�/8 o�/m
Cl oo2/o oom/o o
K o o o
Ca ��/8 �/m n�8/8
Ti ��/8 ��/8 �2/8
Cr oo�/o o oo�/o
Mn oo�/o o oom/o
Fe nn/� ��/o ���/o
Mg oo�/o oon/o o�8/o
Al �8�/o ���/o ��m/o

Total ��8m/�2 ��8/�2 ���/�� 

F�3GOI!" '( ^'W'��
�.#5u< '������15  �� �C@�Z��[� ��.� .
Number � 2 8 m n

Na2O o8m/o o o oo8/o o
SiO2 �nm/n� ��8/n� �n�/n� ���/n� ���/n� 
Cl oon/o o��/o o o��/o o

K2O o22/o oom/o o o o��/o
CaO o8�/m� ��/m� nm�/m� o�/m� 88�/m� 
TiO2 o ��2/o �n2/o on/o o��/o
Cr2O3 o oo�/o o o o
MnO o��/o o2�/o o�n/o onm/o o2n/o
FeO o�n/o �n�/o o om/o o�8/o
MgO ���/o �nm/o �n�/o 22�/o 2o�/o
Al2O3 �/o 22�/o �n�/o on�/o on�/o
Total 8�n/�oo �o8/�oo om/�o� ��m/�oo �2�/�oo 
Na oo�/o o o ooo�/o o
Si ��n/n ��n/n ��/n ��8/n ���/n
Cl ooo�/o oo8/o o oo8/o o
K oo2/o ooon/o o o o2/o
Ca �8�/n ���/n ��8/n �m�/n ���/n
Ti o o�8/o o�/o oom/o oo�/o
Cr o ooo�/o o o o
Mn oon/o oo2/o oo�/o oon/o oo2/o
Fe oo�/o o�8/o o o8�/o ooo�/o
Mg o2�/o o2/o ooon/o o8�/o o8m/o
Al o�2/o o2�/o o2/o oo�/o oo�/o

Total ��on/�� ����/�� ���2/�� ��n�/�� oon�/�2 

F�3G ?�$�$O
Number � � � � �o �� 

Na2O o8m/o o8�/o o8m/o o��/o on/o o�8/o
SiO2 8�2/n2 8�/n� ���/n� o�n/n2 �82/n� �8�/n� 
Cl oo2/o o o�2/o o oo2/o on�/o

K2O onn/o o o�/o o onn/o o�2/o
CaO m8�/m� o82/m� on8/m� �/m� 2�n/m� 2�n/m� 
TiO2 o8�/o o�n/o o�2/o o8�/o om�/o o�/o
Cr2O3 o��/o o2�/o o o8n/o o on8/o
MnO on�/o onm/o o��/o o�2/o �m�/o o
FeO o �m2/o �o�/o omm/o o�/o ��m/o
MgO 2mn/o �mm/o 22�/o ���/o 28m/o �m�/o
Al2O3 �/o �2�/o �m/o o�2/o �n�/o �8m/o
Total mo2/�o� o��/�oo m82/�oo 2�/�oo ���/�� �n�/�� 
Na oo�/o oo�/o oo�n/o oo8/o o��/o o�8/o
Si ��/n ��2/n ��m/n oo�/� on�/� ���/n
Cl ooo8/o o oo2/o o ooo8/o oo�/o
K oo�/o o oo�8/o o oo�/o o��/o
Ca �8n/n ��n/n �m�/n ��8/n �on/n �n2/n
Ti oo8�/o oon/o oo�/o oo8/o oom/o oo�/o
Cr oon/o oo2/o o oo8/o o o�/o
Mn oon/o oon/o oo�/o oo�/o o�8/o o
Fe o o�8/o o�/o oom/o oo�/o o�/o
Mg om�/o o2m/o o8�/o o8m/o om/o o2m/o
Al o�8/o o��/o o��/o oo�/o ooo�/o o��/o

Total oo�m/�2 o22n/�2 o���/�2 ��2m/�� �mm2/�� ����/�� 
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�)� , �1� �@�$*C� -&�� �A�3( ����I��  �A.W0 ��

 F�3G5PI!" '( ^'W'��
<<,< 
��'���15  �� �C���@�Z��[� ��.� .
Number � 2 8 m n

Na2O o om�/o o��/o o��/o oo�/o
SiO2 ���/8� 8��/8� ���/8� m82/8� ��m/8n 
Cl o�/o o��/o o��/o on�/o on�/o

K2O oom/o o2�/o om�/o om2/o o8�/o
CaO ��8/8n o�n/8n m��/8� ���/8n �o�/8� 
TiO2 o��/� o��/� ���/� ���/o �8�/�
Cr2O3 o o��/o o o o2�/o
MnO o o�/o o��/o �o�/o o
FeO 8o�/m 2��/m 2mm/m ��/8 �2�/m
MgO on2/m on�/m ���/8 ���/m ���/8
Al2O3 �on/�m 8�m/�n �82/�m �8�/�8 88�/�m 
Total ���/�� n��/�� �o8/�� om�/�n �2m/�n 
Na o om2/o nm�/o o��/o oo�/o
Si ��/�� mnm/�� ���/�� �n/�� n��/�� 
Cl o��/o o��/o o�8/o o8�/o o8�/o
K oo2/o o��/o oo8/o o2n/o o��/o
Ca n�/�� m��/�� 8o�/�� �n�/�� o�8/2o 
Ti m�8/o m��/o mn2/o 8�2/o m8n/o
Cr o oo�/o o o oo�/o
Mn o o8/o oo8/o o8�/o o
Fe �o�/� ���/� �o2/� ���/� ��/�
Mg o�2/8 on/8 ��8/2 2n8/8 on/8
Al ���/� o�/� �8/� 28�/� �2�/�

F�3G ?�$�$5P
Number � � � � �o ��

Na2O o o8m/o on/o o o oo�/o
SiO2 mm�/8� o8�/8� on8/8� ��/8n o8/8� o�n/8�
Cl ��2/o �� ��/o o��/o o�8/o o�n/o

K2O o oo�/o o8�/o o o o�m/o
CaO n�m/8n n8�/8n �8/8n mn�/8� m2/8� 2mm/8�
TiO2 2�m/� ��8/� �m�/o ��m/o �o2/o �8�/o
Cr2O3 oo�/o o o o o oo�/o
MnO �o2/o o2�/o 2mn/o om/o 282/o 2m�/o
FeO ���/m �2�/m 8n�/m 28�/m �m�/m n28/m
MgO oo�/m ���/8 �m8/m �8�/m n28/m mon/m
Al2O3 2��/�m �o8/�m ���/�2 �m�/�2 �m2/�2 �88/�2
Total �22/�� m28/�n ���/�m om2/�� ��2/�n o�8/�n
Na o o8�/o o8�/o o o oo�/o
Si �m2/�� n��/�� ��8/�� �/�� �/�� ��/��
Cl o�2/o o�2/o o�2/o o�8/o o�/o o8�/o
K o oom/o m�/2o o o oo�/o
Ca no8/�� �n�/�� 2��/o m�/2o 2n/2o 8�/2o
Ti m�2/o m�2/o o�n/o 2n/o 8/o 8�/o
Cr oo2/o o o o o oo8/o
Mn om8/o oo�/o o�n/o o�n/o o�/o o�m/o
Fe �2/2 ��/� �2�/� �n/� 2/2 �n/�
Mg omn/8 om2/8 ��2/8 ��/8 m8/8 m8/8
Al n2�/� ���/� �/� �/� �/� �8/�
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 F�3G55I!" '( ^'W'��
3�J '% < h.x'".'G.3� )�." �� �@��[6� .
Sample Mineral SiO2 TiO2 Al2O3 FeO Cr2O3 MnO MgO 

� amphibole ��8�/m� �8��/o ���2/m 28��/�n ooo2/o �no2/o �n��/�8
2 amphibole om88/no �28�/o n���/m nn�n/�n ooo2/o m�m/o ��2/�2

Sample CaO Na2O K2O Total TSi TAl Sum-T CAl 
� ��8m/�o �2mm/� mn��/o �m�2/�� m28/� n��/o � 2��/o
2 nm8�/�o ���8/� 8���/o 88�m/�� n��/� m�8/o � 8��/o

Sample CTi CMg CFe2 Sum-C BFe2 BMn BCa Sum-B 
� o�m/o ���/2 ���/� n ��n/o �o�/o �o�/� 2
2 o�2/o ���/2 ��m/� n 2m/o o�8/o ���/� 2

Sample ANa AK Sum-A Sum-cat. 
� 82m/o o��/o m��/o m��/�n
2 8m�/o o��/o m��/o m��/�n

Sample Mineral SiO2 TiO2 Al2O3 Cr2O3 FeO MnO MgO 
� Biotite �nm�/8� 2o2�/m nmn�/�2 o8��/o ����/�� �8�/o m�8�/��
2 Biotite �8��/8� on�/m n8o�/�2 o�8�/o n28m/�� 2�nm/o n�2�/��
8 Biotite ����/8� ����/8 �8�2/�2 o���/o o8o�/�� 228�/o ���m/��

Sample CaO Na2O K2O Total Si AlIV AlVI Ti
� o�n�/o �2n2/o �m�2/� �o8�/�2 ��8/n ���/2 ���/o no�/o
2 ooo2/o 8o2�/o ���2/� �n�m/�2 m2�/m n�m/8 �8�/� 8��/o
8 ��mm/o ����/oo 2n��/� 8828/�2 ��/n o�/2 2��/o m��/o

Sample Fe2 Cr Mn Mg Ca Na K Cations 
� n2n/2 oon/o o��/o �nn/2 o�n/o 22�/o ��8/� o8m/��
2 ��2/� oo�/o o2�/o o�m/2 o o��/o 88�/� mo�/�n
8 m2�/2 oo�/o o8�/o ��/2 o2�/o 8o�/o ��n/� o8/��

Sample XFe XMg 
� o/m� o/n2
2 o/m� o/n8
8 o/m� o/nm 
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