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&,7l����E% ��/�0��  ����� ��� � ���; �E!%O�= �!�+$
  �F$#��(	2��� 2��< . . .Z�Z

@�0*A�
�0�#��<��1�� �!�+$
  �� *�&��A 2)�=2��1$� 2���0#3 .
Sampel AS17-7 AS17-7 AS17-7 AS12-37 AS12-37 AS17-7 AS17-7 
Analysis 113 114 147 67 68 3 4 
mineral Crn Crn Crn Crn Crn Crn Crn 

SiO2
e]/e e]/e s\/e ds�/e sf�/e e]�/e e��/e

Al2O3
Z�/�� [i/�[ k�/�� kZ/�k�  ��/�kk  ��/�[ �[/�Z

TiO2
�k/k ��/k ��/� k�/k kZ/k kZ/k ��/k

FeO ��/k �[/k ��/k lZ/k �k/k l[/k li/k

Total Z�[/�kk  i��/��  i[l/�kk  Z[�/�ks  iZ�/�kk  [l/�\  �k�/�[  

O # i i i i i i i

Si ees/e ees/e ee�/e es]/e ee�/e ees/e ees/e

Al ��s/� �sd/� ]\�/� �s�/� �]/� �]f/� �]d/�

Ti ess/e ee�/e e]d/e ees/e ees/e ee]/e ee�/e

Fe2+ es]/e ee�/e ee�/e eef/e ee�/e ee�/e eef/e

Total ��d/� ���/� �]f/� ��s/� ��d/� ���/� ��d/�

@�0* �����A
Sampel AS17-7 AS17-7 AS17-7 AS17-7 AS17-7 AS17-7 AS17-7 AS17-7 AS17-7 AS17-7 AS17-7 

Analysis 3 4 80 82 84 85 92 96 109 110 112 
mineral Crn Crn Crn Crn Crn Crn Crn Crn Crn Crn Crn 

SiO2 e�/e e�/e ee/e ee/e e]/e ee/e ef/e s�/e ef/e ed/e ee/e
Al2O3 ��/�[  �[/�Z  k�/��  l[/��  ��/�[  k�/��  Z�/�[  k�/�kk  ��/�kk  �k/��  ��/��  

TiO2 kZ/k ��/k �Z/k kZ/k ��/k k�/k k[/k kl/k ��/k ��/k ��/k
FeO l[/k li/k �k/k l�/k �Z/k lk/k i�/k ll/k ��/k �i/k ��/k
Total [�/�\  �/�[  �l/��  �[/��  f�/��  li/��  �l/��  �l/�kk  Zl/�kk  ��/�kk  ��/�kk  

O # i i i i i i i i i i i
Si ees/e ees/e ee/e ee/e ees/e ee/e ee]/e eed/e ee]/e ees/e ee/e
Al ��/� �s/� �]/� ��/� �]/� ��/� �]/� ]d/� �]/� �s/� �]/�
Ti ee]/e ee�/e eed/e ee]/e ee�/e ee/e ee]/e ee/e ee�/e ess/e ee�/e

Fe2+ ee�/e eef/e ee�/e ee�/e ee�/e ee�/e es�/e ee�/e es/e ess/e es/e
Total ��f/� �]�/� ���/� ���/� ��d/� ���/� ���/� ��d/� ���/� ���/� ��d/�

@�0*B�1�� P!���3 �
�0��!�+$
  �� �
 +�)&�3 2)�=2��1$� 2���0#3 .

Sampel AS17-
7

AS17-
7

AS17-
7

AS17-
7

AS17-
7

AS17-
7

AS17-
7

AS17-
7

AS17-
7

AS17-
3

AS17-
3

Analysis 31 141 142 143 144 165 166 168 172 143 144 
mineral And And And And And And And And And And And 

SiO2 d�/�f  ]]/�f  �]/�f  �s/�f  ��/�f  ��/�f  ]s/�f  �e/��  �f/�f  �s/�f  ��/�f  

Al2O3 �]/f]  �e/f�  \s/f�  s�/f�  ]s/f�  s�/fd  e�/fd  f]/��  ]�/fd  s�/f�  ]s/f�  

FeO e ]]/e ]]/e ]]/e sf/e ]s/e �f/e d�/e �s/e ]]/e sf/e
Total f�/��  sd/see  ses �]/see  s]/see  ef/ses  �e/see  de/ses  ]d/ses  �]/see  s]/see  

O # � � � � � � � � � � �
Si ��/e �\/e �\/e ��/e ��/e �\/e ��/e ef/s �\/e ��/e ��/e
Al es/] e]/] e]/] es/] es/] e]/] e�/] \�/s e]/] es/] es/]

Total � es/� e]/� � es/� es/� e]/� e�/� es/� � es/�
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a#�E�b�2&E8) �F,>��/�
�&!8 S$� /)�
) �#�$% ���A � �#�$%�+,< �,F� Z�[

 @�0*C�1�� P!���3 �
�0��!�+$
  �� H$!I#) 2)�=2��1$� 2���0#3 .
Sampel AS17-7 AS17-7 AS17-7 AS17-7 AS17-7 AS17-7 AS17-7 AS17-7 AS12-37 AS12-37 AS12-37 AS17-3 
Analysis 16 17 18 19 30 32 48 49 39 40 44 63 
mineral Spl Spl Spl Spl Spl Spl Spl Spl Spl Spl Spl Spl 

SiO2 ed/e ed/e e�/e e]/e e]/e e e]/e e e�/e e es/e \�/s
Al2O3 ]]/�\ �e/�\ dd/�\ d\/�\ ]\/fs f]/�\ ��/�\ �]/�� ]�/fe s�/fe s�/fe s�/fs
FeO f�/�� \]/�� e\/�d d\/�� ��/�s d�/�d ��/�d \s/�d \�/�� �]/�� �]/�] ��/�s
MnO d�/e d�/e ds/e ds/e d�/e de/e d]/e �\/e d�/e �\/e ��/e ��/e
MgO ��/� ��/� ��/� fe/� e�/f �\/d ef/d es/d ]e/� e\/� e�/� s]/�
Total �\/�\ �e/�\ ��/�\ dd/�\ e�/see ��/�\ ef/�� df/�� s�/see �s/�� �f/�\ \\/see
O # �] �] �] �] �] �] �] �] �] �] �] �]
Si es/e es/e es/e es/e e e es/e e es/e e e ds/e
Al ��/s� fs/s� ��/s� f]/s� ��/s� f�/s� \s/s� \\/s� \e/s� \e/s� ee/sf �s/s�

Fe(iii) ��/e ��/e �f/e ]�/e e ]\/e ss/e e]/e se/e e\/e e e
Fe(ii) ef/f e\/f e\/f e�/f \�/� ]�/f ��/f ��/f ]s/f ]�/f s�/f \s/�
Mn e�/e e\/e e\/e e\/e e\/e e\/e e\/e e�/e e�/e e�/e e�/e se/e
Mg \�/s \�/s \f/s \�/s es/] f\/s �\/s ��/s �]/s f�/s f�/s f\/s

Total ]d ]d ]d ]d ]d ]d ]d ]d ]d ]d ]d ]d

@�0*D�1�� P!���3 �
�0�J!#�0B ��I#&,	 2)�!�+$
  �� �)��=2��1$� 2���0#3 .
Sampel AS17-7 AS17-7 AS17-7 AS17-7 AS17-7 AS17-7 
Analysis 67 99 103 122 126 167 
mineral Kfs Kfs Kfs Kfs Kfs Kfs 

SiO2 f�/fd ��/f] e]/f� �]/f� ��/fd d�/f�
Al2O3 �f/s\ ��/s\ s� s�/s� ��/s\ ��/s�
CaO e e s]/e e]/e e�/e e�/e
Na2O �\/e ]�/e �f/e �f/s ]�/� d�/s
K2O ]d/sf ��/sf \]/s� e�/s� �f/ss ��/sd
Total e�/see ed/�� ]d/�� ss/see \�/�� ��/��
O # \ \ \ \ \ \
Si ��/] �f/] ��/] �f/] ��/] ��/]
Al ee/s ed/s ef/s ed/s e�/s ef/s
Ca e e e e es/e e
Na e�/e e�/e s�/e e�/e e�/e s�/e
K �f/e �\/e \�/e �\/e ��/e \�/e

Xab e�/e e�/e s�/e e�/e e�/e s�/e
XAn e e e e es/e e
Xor ��/e ��/e \f/e ��/e ��/e \f/e

@�0*E�
�0�#��<��= �!�+$
  ��  KA+
LKB 2) �1�� 2��1$� 2���0#3 .
Sampel AS17-7 AS17-7 AS17-7 AS17-7 AS17-7 AS17-7 AS17-7 AS17-7 AS17-7 AS17-7 AS17-7 AS-12-37 AS-12-37 AS17-3 AS17-3
Analysis 75 76 77 78 79 105 118 121 152 163 173 45 64 13 14 
mineral Pl Pl Pl Pl Pl Pl Pl Pl Pl Pl Pl Pl Pl Pl Pl 

SiO2 d/�f �/�\ �/f] �/�\ s/fe �/ff ]/f� �/f� �/f� �/ff ]/ff s/dd �/�� ]/�e �/�e
Al2O3 ]/]� \/]� �/]� �/]� f/]d d/]e �/]e ]/]e ]/]s f/]e �/]e d/�� ]/]\ �/�s f/�]
CaO �/� d/� �/d �/� �/f f/e f/e �/e �/s d/e �/e \/s\ f/� ]/sd �/sd
Na2O s/f d/� e/� �/f f/� �/ss ]/ss f/ss f/se �/ss f/ss \/e �/f ]/� �/]
K2O ]/e ]/e ]/e d/e �/e ]/e ]/e ]/e d/e ]/e ]/e e s/e ]/e s/e
Total f/�� e/see \/�� �/�� f/�� �/�� s/see ]/�\ f/�� �/�� �/�� �/�� �/see see \/ses
O # \ \ \ \ \ \ \ \ \ \ \ \ \ \ \
Si �/] f/] \/] f/] �/] �/] �/] �/] �/] �/] �/] s/] �/] �/] �/]
Al d/s d/s ]/s d/s �/s s/s s/s s/s s/s s/s s/s �/s �/s �/s �/s
Ca �/e d/e ]/e d/e �/e e e e s/e e e �/e �/e �/e �/e
Na �/e f/e \/e f/e �/e e/s e/s e/s �/e e/s e/s s/e �/e �/e �/e
K e e e e e e e e e e e e e e e

Xab �/e f/e \/e f/e �/e e/s e/s e/s �/e e/s e/s s/e �/e �/e �/e
XAn �/e d/e ]/e d/e �/e e e e s/e e e �/e �/e �/e �/e
Xor e e e e e e e e e e e e e e e
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@�0* �����E
Sampel AS17-11 AS17-12 AS17-7 AS17-7 AS17-7 AS17-7 AS17-7 AS17-7 AS17-7 AS17-7 AS17-7 AS17-7 AS17-7 AS17-7

Analysis 13 14 20 41 42 50 51 53 66 70 71 72 73 74 
mineral Pl Pl Pl Pl Pl Pl Pl Pl Pl Pl Pl Pl Pl Pl 

SiO2 ]d/�e  �e/�e  e]/dd  e�/d�  ��/d�  e\/dd  df/dd  ]d/dd  �s/��  �s/��  ��/�\  e\/�\  �d/�\  e]/fe  

Al2O3 �e/�s  �\/�]  d�/��  ��/�d  d�/��  es/�d  ��/��  ��/��  �s/]d  es/]�  \�/]�  sf/]f  \�/]�  ��/]d  

CaO sf/sd  �e/sd  �e/s�  d\/s\  se/s�  �f/s�  \]/s�  e�/s�  �s/f ed/� �f/� ��/\ �d/� ��/f
Na2O ]]/� �]/] �s/e �]/e fe/e s]/s s�/s ��/e ��/� ��/� \]/f \s/f e�/� d�/�
K2O sf/e e�/e e es/e e�/e e]/e e�/e es/e ]�/e d�/e ds/e �]/e d]/e �e/e
Total e�/see e�/see  e]/see  d�/��  \]/��  \]/��  ��/��  �e/��  �]/��  \d/��  f�/��  e�/see f�/��  ��/��  

O # \ \ \ \ \ \ \ \ \ \ \ \ \ \
Si ]�/] ]\/] ed/] e�/] ed/] e\/] e�/] e�/] f\/] f�/] f�/] fs/] f]/] f\/]
Al �s/s �]/s �d/s �e/s �d/s \�/s \\/s �d/s �]/s �]/s ��/s �\/s ��/s �s/s
Ca f�/e �]/e �f/e �]/e ��/e �e/e �e/e �d/e �s/e �d/e ��/e de/e ��/e �]/e
Na ]\/e ]�/e e�/e e\/e e�/e se/e ss/e e�/e f�/e fd/e ��/e ��/e f]/e f�/e
K es/e e e e e e e e es/e e]/e e]/e e]/e e]/e e�/e

Xab ]�/e ]f/e e�/e e\/e e�/e se/e ss/e e�/e f�/e fd/e fe/e ��/e fs/e f�/e
XAn �e/e �d/e ��/e �]/e �d/e �e/e \�/e ��/e �s/e �d/e �\/e de/e ��/e �]/e
Xor es/e e e e e e e e es/e e]/e e]/e e]/e e]/e e�/e

@�0*F�
�0� #��<��1�� �!�+$
  �� �
�+'�� 2)�=2��1$� 2���0#3 .
Sampel AS17-7 AS17-7 AS17-7 AS17-7 AS17-7 AS17-7 AS17-7 AS17-7 AS-12-37 

Analysis 86 87 100 108 119 127 128 164 41 
mineral Ms Ms Ms Ms Ms Ms Ms Ms Ms 

SiO2 ee/d]  s�/dd  �e/d�  d\/dd  s\/d�  d\/dd  ef/dd  �d/dd  �]/dd  

TiO2 s�/e �]/e d�/e �s/e ed/e s�/e ds/e sf/e e]/e
Al2O3 \�/�d  �e/�f  ]d/�f  f\/��  �\/�f  se/��  ]\/�\  �s/��  �s/�f  

FeOt �s/� �]/e d\/s �\/s �f/s �s/e d]/e ]d/s s\/s
MgO ��/s ]�/e ��/e �e/e \s/e ]\/e e]/e d�/e ]f/e
Na2O d]/e �\/e �d/e �d/e �d/e �]/e �d/e fd/e s]/e
K2O �f/se  ]�/se  �]/se  s�/se  \�/se  \]/se  df/se  ��/se  fe/se  

Total �e/��  \�/��  �d/�d  dd/�d  d]/��  ef/�d  \�/�d  ��/��  d�/��  

O # ss ss ss ss ss ss ss ss ss 

Si ��/� d\/� d�/� d\/� d�/� d�/� d�/� dd/� �s/�
Al.IV f�/e �]/e ��/e �]/e �s/e �s/e ��/e �f/e d\/e
AlVI �\/] \�/] ��/] �\/] \s/] �]/] �d/] \�/] \�/]
Ti es/e e�/e e�/e e�/e e es/e e]/e es/e ees/e

Fe2+ s�/e e�/e e\/e e�/e e\/e e�/e e]/e e�/e ef/e
Mg s�/e e�/e e�/e e\/e e�/e e�/e e e�/e e�/e
Na ef/e e�/e ss/e sd/e e�/e e\/e ss/e se/e es/e
K e�/s e�/s e�/s e]/s e�/s e\/s ed/s es/s ��/e

Total ss/d ss/d s�/d s�/d ss/d sf/d s�/d se/d e�/�
XMg d�/e �f/e �]/e d\/e ��/e ��/e e�/e dd/e �]/e
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a#�E�b�2&E8) �F,>��/�
�&!8 S$� /)�
) �#�$% ���A � �#�$%�+,< �,F� Zlk

 @�0*G�
�0�#��<��1�� �!�+$
  �� �!9+!< 2)�=2��1$� 2���0#3 .
Sampel AS17-7 AS17-7 AS17-7 AS17-7 AS17-7 AS17-7 AS17-7 AS17-7 AS17-7 AS17-7 

Analysis 15 22 23 37 38 56 57 63 64 106 
mineral Bt Bt Bt Bt Bt Bt Bt Bt Bt Bt 

SiO2 f\/�� de/�� ]d/�� \s/�� ��/�� ��/�d �\/�� ��/�� ��/�� e�/�d
TiO2 s�/d �e/� �d/] �e/e d�/e ��/d ss/d �d/] e�/� fs/�
Al2O3 sf/]e s�/]e �s/]e ��/]e ef/]s ��/s� f\/s\ f�/sf d�/sf f\/]s
FeOt �s/s� ��/s\ ss/s\ �]/s� ]f/s� s�/s� ed/s� e�/s� �s/s\ ed/s\
MnO s�/e se/e ss/e se/e ef/e s�/e sd/e sf/e s]/e sd/e
MgO ef/\ \d/� �s/� ff/ss ee/ss �]/� d�/� ]e/ss de/ss \�/�
Na2O ]�/e s\/e sf/e se/e e�/e ]d/e sf/e ss/e e�/e s�/e
K2O df/� \d/� \�/� �\/� �s/� ��/� \s/� \�/� ��/� ��/�
Total e�/�f f�/�� f�/�� e�/�d �f/�� ��/�f ff/�� s]/�f s\/�f �f/��
O # ss ss ss ss ss ss ss ss ss ss
Si f�/] fe/] fs/] f]/] f]/] �s/] f�/] ��/] ��/] ff/]

Al.IV ��/s de/s ��/s �\/s �\/s ]�/s ��/s ]�/s ]�/s �d/s
Al VI �]/e d�/e d�/e d�/e ��/e �d/e de/e ]�/e ]f/e f�/e

Ti ]�/e s�/e s�/e e�/e e�/e ]�/e ]d/e s�/e s\/e ]s/e
Fe2+ ]�/s s�/s sf/s ss/s ss/s ]]/s ]]/s ]s/s ]e/s sd/s
Mn es/e es/e es/e es/e e es/e es/e es/e es/e es/e
Mg ��/e sd/s sd/s ��/s ]\/s s�/s se/s ]�/s �]/s �]/e
K ��/e �\/e ��/e ��/e ��/e ��/e �\/e �\/e �\/e �\/e

Total �f/� �\/� ��/� �\/� ��/� �f/� �\/� ��/� �\/� ��/�
XMg d�/e d�/e d�/e ��/e ��/e d\/e d\/e �]/e �]/e d�/e

@�0* �����G
Sampel AS17-7 AS17-7 AS17-7 AS12-37 AS17-3 AS17-3 AS17-3 AS17-3 AS17-3 
Analysis 107 169 175 46 65 66 11 12 15 
mineral Bt Bt Bt Bt Bt Bt Bt Bt Bt 

SiO2 ��/��  ds/��  fe/��  ��/��  f�/�d  ��/��  sf/��  f]/��  f\/��  

TiO2 ��/� fe/] s\/s ��/� �f/] sf/d �]/� e�/d s\/d
Al2O3 \�/]s  �f/]]  �d/]�  s\/s�  df/]]  d�/]s  �d/s�  �\/s\  sf/]e  

FeOt ]]/s\  \�/s�  �e/sf  �d/s�  \]/sd  ��/s�  e\/s�  sd/s\  �s/s�  

MnO s\/e s�/e sd/e s]�/e sd/e sf�/e sd�/e s��/e s�s/e
MgO se/\ ��/� fd/� ]d/se  ��/se  ]�/� �d/\ ��d/\ ef]/\
Na2O s\/e ss/e s�/e sd\/e ds�/e s]]/e s\�/e ]��/e ]f\/e
K2O \�/� �\/� �]/� ��/� d]/� �e/� f�/� ��/� df/�
Total �f/��  �f/��  �f/��  ��/�d  ��/��  s�/�f  ��/�d  \]/��  e�/�f  

O # ss ss ss ss ss ss ss ss ss 

Si fe/] ��/] fe/] fd/] fd/] �\/] fd/] f�/] fd/]
Al.IV de/s ds/s de/s ��/s ��/s ds/s ��/s �e/s ��/s
Al .VI fs/e f�/e �f/e d]/e f�/e ��/e �e/e d�f/e �]/e

Ti ]�/e s�/e e�/e ]]/e s�/e ]d/e ]]/e ]d/e ]d/e
Fe2+ s�/s s e�/s s]/s �]/e se/s ]�/s s\/s ]�/s
Mn es/e es/e es/e ee\/e ee�/e es/e es/e ee�/e es/e
Mg �d/e s�/s ss/s s�/s s\/s ef/s ��/e e�/s �d/e
Na e�/e e]/e e]/e e]/e ef/e e]/e e�/e e��/e ed/e
K �\/e ��/e �\/e ��/e �]/e �\/e �\/e �\/e ��/e

Total ��/� �f/� ��/� ��/� ��/� �f/� ��/� �\/� ��/�
X Mg d�/e ��/e �]/e ��/e �f/e d�/e dd/e d�/e d�/e
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&,7l����E% ��/�0��  ����� ��� � ���; �E!%O�= �!�+$
  �F$#��(	2��� 2��< . . .Zl�

@�0*H�1�� P!���3 �
�0��!�+$
  �� �
�,A 2)�=2��1$� 2���0#3 .
Sample AS17-7 AS17-7 AS17-7 AS17-7 AS17-7 AS17-7 AS17-7 AS17-7 AS17-7 AS12-37 

Analysis 9 44 62 89 90 1 2 4 10 43 

Mineral Chl Chl Chl Chl Chl Chl Chl Chl Chl Chl 

SiO2
s\/]d  �e/]�  df/]]  e\/]�  es/]�  �d/s\  �\/s�  \\/s�  ]�/]]  d�/]�  

Al2O3
f�/�s  ss/dd  �e/]d  �]/]d  \f/]d  dd/�e  ff/]�  ]\/�]  d�/]f  fs/]d  

FeO \d/sf  ��/� \s/�e  ��/]f  sf/]f  sd/]�  �d/�s  �\/]]  f�/]\  s�/]�  

MnO s�/e e�/e s�/e ]d/e ]]/e ]e/e ]�/e s�/e ��/e s�/e

MgO ��/� �s/e \e/� ]f/ss  ]�/ss  ]\/� �s/� ��/s]  \�/� �]/s]  

CaO d�/] es/se  s�/e e]/e es/e e�/e e]/e ed/e - ]e/e

Na2O �d/e \f/e es/e e es/e es/e - e]/e e]/e -

Total ds/\f  \d/\�  fe/\f  fd/\f  \s/\�  ��/\f  ��/\f  \�/\�  �]/\�  \�/\f  

O # ]\ ]\ ]\ ]\ ]\ ]\ ]\ ]\ ]\ ]\ 

Si \�/d ]\/� �f/d �f/d �\/d s�/d ]\/d ss/d �f/d �

Al.IV s]/� �s/] e�/� e�/� es/� \e/� �s/� \e/� ]�/� �

Al .VI �]/d \e/f �]/� ]�/� �d/� e]/d ed/d d d�/� s\/�

Fe(iii) ff/e �f/e sf/e sf/e s�/e e�/e ]e/e e�/e s�/e se/e

Fe(ii) s�/] e �d/� f�/d ��/d ]f/� fe/� \e/� e]/� �\/d

Mn e�/e e ed/e ed/e ed/e ed/e ed/e e�/e ef/e e�/e

Mg \f/] s�/e ��/] fs/� f]/� �\/] \s/s �d/� sd/� e�/d

Ca ��/e ��/s e�/e e e es/e e es/e e e�/e

Na d]/e ��/e es/e e es/e es/e e es/e e]/e e

Total �f/s�  sf/s\  \s/s�  �\/s�  �d/s�  \�/s�  �d/s�  \s/s�  \�/s�  \f/s�  

I��J����(KL ����M����N��
D$# �-+EF� ���0�#3 "
�R3 2�=)4)�) 5��6 5+�$7 (H���%

 ��+�92�)�� !N+0 �!&2��
�+
�+�)�� � ��!���+9 :��!A�9 ��< )���<
 �0
�+
�+�)�� :��6 :!A�9 (��< �)��E= D$�# 2��= �0!�#)�+
� 

&$0�=]i[.%�8 ��!�2��+92��!�+$
  ��0!#)�+
� ��< �
��=
 �1mse�9]�0��# ���)� �+7� �0� )H'%�(��-+EF� ��;2

/3 �
����!��A *�&�����A H�����% ����= +H$!I���#) +�
 +�)&����3 +
�)� J!#�0B��I#&,	 + KA+
LKB +�
�+'�� +�!9+!< +��< �
�,A

�����	�< 0����#K<+�)�� 2�����=!0����#K<��!	�+B�&!I� �M!�M
0#K<�&!I���!	�+B!�M0#K<+,!A �N+B � �!0w,IE!# !�#) M.

"
)D$# *�&���A 2)�)� ��=)]eOse(%�
 +�)&��3 �)seO�( %�
H$!I#))s�Ose( %�
�+'�� �)seO�( %�!9+!< �)seO�%

( KA+
LKB �)s�Ose(%J!#�0B��I#&,	 ��)�)seO�( %��!�< �
���A � �
�,A H��% 2�=&$0�= �&A.

)
D$# ">�< �� �=���8 (�< 5�R ��`� v��&% &�) .
��!5�R u�(�<�#�!B+'#�P� &8 �� � ��+a� _��9
�!B+'#��'��#) .B+'#��A�� �q�  )�S�<�=2�&% 5�R 

��1m H'% �<&�) .� �q�  )!B+'#��'�� )&� v�+X �< �!��a��
�

��@8�=�
�0	�� H'%��A ����=2I#) !LKB � H$
 KA+
� �&=�(���+% .A �+7�����=2��� 2��< )*�&��A � H$!I#) (

� /�(��5�R &$
3�	 �A &=�(�<�/�&< ���%D$# "
) �� �=
�#) ��)� ^� .�+�8 "!$�E=� )&�� /�(� ��	�< �A &=�

�!%�8)2H$!I#) O�7 �< �!9+!< �  KA+
 KB2�
 +�)&�3 ��
5�R Q
)�%(�<��#) ��)� ^� .

�� V>�% ���A *�&��A�!�+$
 �=2�#��< ��+� �#) �; 
2��=�+,< ��%�� v�+X �< �B+'#��'!� _b��� �� H'�% � �)�

 H'% �E!��)���)� �+7� �&)H'%2�=�� ��9 ���) ��� ���)
�.(*�&��A 2�=�+,<�<�<3 D�� ��'9 �'9 � 2+�!< v�+X �<

 �.0�7�< �< &�%
&����A � �
 +�)&��3 ��< �a��� ��=2�
��. 
�� �&=�(�&�+% .�A "
) �!%�8 2)�)� ��2� ��+�< �&�% ���� 

�<#�!�,2��A ��=2J!�#�0B��I#&,	 ��
 +�)&�3 ��
�+'�� ��)�
 ��#) �&% �b�8) �!9+!< �  KA+
LKB)H'�% ����)�� v ��

�.( +�)&�3
v�'!,!#+$!�+�3 ���A ��!�+$
 2�= �#��< ��+� 
H'�% �E!� 2�=�+,< v�+X �< �A �#) ��< ��9 �)� �&�
� H'�% 

��+%�&.
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a#�E�b�2&E8) �F,>��/�
�&!8 S$� /)�
) �#�$% ���A � �#�$%�+,< �,F� Zll

<6�C��{9
B+'#��A�� ��  ) 
�+$!��=2%�8 �� �+7+� !���+92���0#3 ��1$� �0!#)�+
� .

<6�D��) (�!�+$
   ) �B+'#��'!� �
+{9 ��+% �7+9 *�&��A �.0�7�< �< ����0#3 ��1$� 2�=)�+�XPL (5(�
+{9 BSE (Back 
Scattered Electron Image))u�!�� �<see/��'!� (�!�+$
   ) v�+X �< �
�,A �A ���0#3 ��1$� 2�=T�>�) I#) �!� v�+X �< H$!��a��
�

T�>�)%�� �#) "'E� �A ��)� �+�8 *�&��A /��� ����� �+,a9  ) 2� )&�� &%�< *�&��A �� ���0	) �,9 �< (�
+{9 BSE)u�!�� �<see 
/��'!� (�!�+$
   )��1$� 2�=2��A �A ���0#3 H'% �E!� v�+X �< *�&�� �&=�(� ��< �.0�7�< �< �)�v ��+% (�
+{9 BSE u�!�� �<see 
/��'!� (�!�+$
   )v�+X �< *�&��A �A ���0#3 ��1$� 2�= �)� H'% �E!��<#�!�,2���A J!#�0B��I#&,	 ��!9+!< ��
�+'�� 2�=  KA+
LKB � �)�

� ��#) �&% �b�8) (�
+{9BSE )u�!�� �<see/��'!� (�!�+$
   )��1$� 2�=2�$!�  �� �
 +�)&�3 � *�&��A �A ���0#3 2J!#�0B ��I#&,	 -
�&
�  KA+
LKB � �)� r �&�+% �� (�
+{9BSE)u�!�� �<see/��'!� (�!�+$
   )��1$� 2�=2�
 +�)&�3 /3 �� �A ���0#3 �<#�!�,2H$!I#) 

�$!�  �� � �&% �b�8)2 KA+
 KB J!#�0B ��I#&,	 ��� �&=�(� �)��+%.
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&,7l����E% ��/�0��  ����� ��� � ���; �E!%O�= �!�+$
  �F$#��(	2��� 2��< . . .Zl�

<6�E�
��{9BSE (Back Scattered Electron Image))u�!�� �<see/��'!� (�!�+$
   ) ���0�#3 ��1$� 2�= ���) (�!0',IE!�# ��	�<
(Symplectite)  KA+
LKB � �!9+!< |)�b) �� H$!I#) ��%+> v�+X �< *�&��A �< �+% �7+9 2) 5 �(���A &%� H!'(�9 � H$!I�#) ����A H'% 

���A |)�b) �� �!0',IE!# �	�<� ��
�,A � �
�+'�� ��!9+!< 2�= (���A �!�%�8 �� *�&���A �+�,< ��%�� &�%����=2� ��!9+!< ��
�+'��� 
�<  KA+
LKB��)+��<2v ��+% �7+9 *�&��A |)�b) (�&!(A �+,< v�+X �< �
 +�)&�3(vermicular) . 

��A "
)�v�+X �< �=�+,<2��$!�  �� �&!(A )2����A  ) 2��=
 J!�#�0B��I#&,	 �  KA+
LKB ��>�< �� � ��#) ��0	�� �)��m �)�

 P!� ��)+��<#�!�,2��$!�  �� � �#) �&% �b�8) H$!I#) )2 )
J!#�0B��I#&,	 � KA+
LKB �&=�(� �!9+!< � �)� ���+%)H'%

2�= d��r��v.(��
 � ?!,!�# /�+�a� u�0�#� �� )&�7
 ���$!�   ) �
 +�)&���3 /&��%2)�)� 2?!,!��# ���<��#�!�,2

�
 +�)&��3 �!�%�8 �� �!9+!< � �)� J!#�0B��I#&,	 � KA+
LKB
 �&�% D$�# �� ?!,!�# JA tb�$� /&�3 �+7+< :a# ��#).

�=�+,< "
)�<�$<2�
 +�)&��3 �!%�8 �� � tb�$� "
) �� H$!I#) 
&%����A�#) .

T�)&0� ���A H$!I#)�
�.$
 �!�+ �#��< ��+� 2�= ��#) 
H'��% v�+��X ���< ���A H'��% ���E!� ��)���< ��)��H'��% )��

�$!� )2J!#�0B��I#&,	 �  KA+
LKB  ) �)� (���)� ��< �J�= 2��=
�+���m � ��+��0
  Pa��# D���� ���< � )&���)=���� � 2)��!��%�8 �� 

=�� � �
 +�)&�3�v�+X �< T�>�) 
� �!*�&���A ����A �� ��a��
 � �&=�(���A �+% %�� �#) "'E���+,a9  ) � )&�2��,9 ��< 

&%�< *�&��A �� ���0	))Hw%2�=d� � �v ��� 5 ���) ���)
� �(.J= ��  KA+
LKB&%�2�=2#!0',IE!���< H$!I�#) ��<

 J!��#�0B��I#&,	 ����!9+!< �)���E= �+��% �&��
� ���
�,A � �)� 
)Hw%d� r���)�5.(�	�< "
) ��+Ep� �= 0m� ��� ��F
) �-

��A &$` "!< T��p9 �A &�+%�H!'(�9 �< J0�!# � �0	� "!<  ) 
��A��=2� xK9 &
&7 �A&$���<�� �9 &�#�< T���p9 ����8 �< 
]Z[.� )&� ��@8 v�+X �< �=
� �!��a��)T��>�) (���A �����=2

I#)!LKB � H$
�  KA+
� �&��+% .LKB
&%�E= ��  KA+2�=2
#!0',IE!�I#) �< !�)�E= �< H$<!9+�!J!�#�0B��I#&,	 �� � �)�

�,A
� �
� �&��+%)Hw%�r����)�5.(��< ��	�< "
) �� 
�T�E08) 2)��< * � v��a!A�9 �*�&���A 2�)&�
�B�� � ��� S
)P	) 

�	�< �< �)�E= H$!I#) H!'(9 �#!0',IE!���� J=)��	 )� &�$A .
)S$A)��=2��E08) �s�]��: (

1) 7Cor + Clin/Ames = 3And + 5Sp + Melt 
2) 3Cor + Phl = 3Sp + San + Melt 
3) 10Cor + 2Ann + Ames = 4And + 6Sp + 2East + 
 Melt  
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a#�E�b�2&E8) �F,>��/�
�&!8 S$� /)�
) �#�$% ���A � �#�$%�+,< �,F� Zl�

 v�+X �< �
�+'��T�>�)��A �< �)�E= ���=2��I#&,	 
J!#�0B �� �
�,A v�&� �< � �!9+!< � KA+
LKB ��
 +�)&�3 ��)�

�� �&
� *�&��A |)�b)�'!� �
��{9 u�#)�< �A �+%B+'#���
S$A)��=2KFMASH��A ��2�=&$
)�	 �)&>� ��) �< *�&��A 

�#) ���; &%� P9�)+A /�&< �&���(!B ��+����.
v�+��X ���< ���
�,AT���>�) �)���E= ���< � *�&����A �����A ��

 �� �&=�(��  KA+
LKB � �
�+'����+�% .�#��< �<��$<���=2
B+'#��'!���!�= ����#��� ���+����
PF9 �)2��
�,A �� ��=

�E� �&=�(�08 � �+%��	�< �< �)�E= #!0',IE!�v�+�X ��< 
H!10��&$,<� �&=�(� ��+% 

	
����: �
u�#)�<#��<��=2�1��)2���A  ) ���=2�� �+�7+� ��,0�� 

 
�+$!��=2��+� #��<�% �!E���+� ���3 #��<��	�� �)�m :
*�&��A :�0�
PF9  ) HX�8 �
% �!E!��
� /�(� ����A �A &=�


��< �&% !�0(  ) Al2O3)wt%ss/see O�\/�� (�
���� �
2P!`��FeO)wt%f�/eO]e/e(�#) �&% H!'(9 

)T�&7s.(
�
 +�)&�3 :PF9 u�#)�<
�2%!E!��
��)&�� Al2O3���A "
) 

f]/�� ���9 s]/fd � &��X�� SiO2"!��<�/�� O]s/�f %���#) 
)T�&7].(

I#)!H$:�
PF92H$!I#) �
�!E!% � /�(� �=��+��  ) ��A &=�
 "=3 � *+!$!�+�3 �)�)�!$!�#�= (&$0��= .�)&���Al2O3"�
) 

���Ae�/�� ��9 ]\/fs �&�X�� FeO "!�< ��/�d O��/�s %�
SiO2"!< �9 �@Xe�/e%��%+B J(�` H<�m � P!`�� ��!�< �A
�#) )T�&7�.(

J!���#�0B��I#&,	�)� :�
�!E!���% ����
PF9  ) H���X�8 �
����0�
J!#�0B��I#&,	 /�(� �)� �� ) �A &=�
���A "� KA+�9�) �+��  ) 

�#))H'%fT�&7 � ��) d.(
LKB
�= KA+ :��
PF9  ) HX�8 �
�0�2��= KA+
LKB �
�!E!�% 

�� /�(� ��!�+0!< ��9 ��!a�3  ) ��= KA+
LKB :�!A�9 ��A &=�
 �!g0��#) �� �0(!< ���0��2��#) ��+�< "
 &��3 � ��!a�3 

)H'%fT�&�7 � ���) �.(�<�m ��0'� A�9 ��q�  ) ��7+9 H�!:
%!E!��
LKB �� 
�= KA+2)
 "
�+$!�&< �=
v�+�X "��#) 

>�< �� �A�)�)� �A _b��� 2��	�< ����#  ��# v���@9 &$0��= 
 ��
��2A�9 �� ��!LKB :
��� �&=�(��� ���= KA+��+��% .g9��!! v)�

A�9!��a�)��
����A "�.0���< �(����7 ���< !$�Ca+Al���7 ���< 2
Na+Si ��)� .)
(��7 "!$���'% H��% B "0!�=&��+2&�%
&

Al-O �Si-O �#) ���E08) �<!) �.��
��&< HA �� �A �#) "-
2% T��p9 v�&$< �+,< !E!��
��)� �+7� .)
"�'E� ���',E- "

�E� �#)
�&$s(g9!!���K- v)� �� �)� .�+�.`��8!�&�%� "
q�!g9 �!!�2&%� �< �0�=3 � Jq$� &%�  ) 2��# 
_&�$��� ��9

 ���> ���> &%�
# �	�< ��+,���
�0>�� �a�% &�%� ���
�](
5}7 �<��1$��=2<��0�) �0� /)+$- �< !�F)2�B��  ) �
�)&2��< 

�<�7 �1#)��7�
&�%
&��E��� /��� �� �+�,< �
�+�,a9 ��< ��A 
(�<�� )&�2�p9 ���0	) *)� �< �!�+�% :][[.�)&���CaO �

Na2O:�!9�9 �< ���A "
) �e/s� Oe�/e�fe/ss –]�/e%
/3 �!9�+�3 ���9���#) &X�� )T�&7�.(

+'��
�:�
�9 �# 2�=�)�+E� u�#) �<(SAF) SiO2-FeO- 
Al2O3)H'���%f5(�
������ +����- �<���!�0( �
�+'����� 

�#) .�� �
�+'���!�+$
 2�= ��+� #��<�<�!�0(  ) \f��9 
�� � �
�+'�� :1m &X�� ��9sd��!�+�)��B :�1m &�X�� 

�#) �&% H!'(9 .��)&� Al2O3��< ����A "�
)]\/�\ &�X�� 
��&#� . ) ���A "
) J
P!$� ��+� ��Ae�/e�9��/e�#) .�<�$<

#��<��=2B+'#��'!� ��=P!���3 �2
�!E!�% ��
�+'��� ���=
�!��) �	�< �< _1�� �� �
�+'�� ��$9 � &�) �#!0',IE!���
+��� 
�#))H'%i�()T�&7f.(

�!9+!< :<!9+!�� �+7+� ��+$
 �!��+�� 2�= �#��<��+�>  ) 
��� /�(�� �.0	��
 ��7 &�=� .u��#) ��<��� 2&�$<]���k[�

�!9+!< ��� �)��m ��!B+�+,	 � ��!�3 "!< ���&W� �� �= &���!�
)H'%f�(��7+9 H<�m �$!(��7 �A 2�+b �<Mg=Fe2+�� 

�!pm+�)��E=�
�(= �7���E�# ��< )� ��!B+�+,	 :�!A�9 
�� �!!g9 �!�3&=� .� ��+� ��A �� ����A "
) J
P!$ ��!�+$
 -

2�= �&% �#��< d�/e�9��/e�)&�� �TiO2"!< /3 �� �e/e
�9��/d�#) �!!g9 �� )T�&7�.(

�,A
�:u�#)�<���2&$< ]��[�
�,A ��=2 ) ��1$� �&���(!B 
~���+9��+�B �+�
�!,!	�&��A � ��#) �!��&!B� �E# �< �A 
�� )&!B H
�E9 &$$;)H'%iv.(< ��)�+E� u�#) �

Al(VI)+2Ti+Cr-2(a.p.f.u)�<)�< �� Al(IV)-2(a.p.f.u) ]�l[�
�
�,A�=2�� �&% P!���3 ��0��29���F� ��+���� ��9

"!
�B ��(	 ��+����O� �)�m Q#+0� �&��!�)H'%fOr(.
���2�
�,A �+,a9 �=2��+� #��<��1<)� u�#)�< 

T = 321/9772(ALIV) - 61/9229]��[��0�� ��2
lZk �9��[ �7��20��# ��#) �)����� "!.��!� �A 2�+,a9 
�= /3es/de�0��# �7�� ��)�� �#) .
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&,7l����E% ��/�0��  ����� ��� � ���; �E!%O�= �!�+$
  �F$#��(	2��� 2��< . . .Zl�

<6�F��) (�!�+$
  �� �=��I#&,	 :!A�9��1$� 2�=2�� ���0#3 2�)�+E� Ab-Or-An ]��[5(
�!E!% :!A�9��� �
�+'�� 2�# �)�+E� 

�9�(SAF)SiO2-FeO-Al2O3]��[�(���D$# �� �=�w!� �
�!E!% 2&$<�=2��+� #��< �]�k���[v(�)�+E� Fe+2/Fe+2+Mg�a�� �<
Si�
�,A �� �=]��[�(�
�+w#+� �
�!E!% :!;�9 �!pm+��p��1� ��+� 2�=]�i[r(
�!E!% :!A�9��
�,A �� �=2�)�+E�Al(VI)+2Ti+Cr-2 
�� �<)�<Al(IV)-2/�(� Q<� Q> �=�$!(��7 �&$��� 4���` ��1$��=2�+���� �,0�� ��#) ]�l[.

"
) 2)�< J
P!$� ��+� ��A ��
�!E!% �
PF9 �
�0� u�#) �<
 ���A�\/e�9d�/e�#) ./+!9�ASi  ) ss/d�9]\/��Al  ) 

s\/f�9�]/��Mn  ) eed/e�9ef�/e�Na �9 �@X  ) ��/e�
Ti  ) ���A "
) �� ee�/e�
 �@X �9 !g9 �%+B J(` &8 �� !�
��&$A)T�&7\.(

���������: � �����5�:�����J(J� ��� 
�< �F$
) ����1$� S$A)� � �= S
)&�!B �� ��+�� ����E08) 2�=

����)�)2���#K<��!	�+B � ) ���@0��#) ���< �H��X�8 *�&����A 2���=
'(9!H�-+EF� �!�+$
  �
�!��; ��0>)��B ���0�#3 ��1$� 2�=

 ���#) �&��% .��-+EF� �D$��# "��
) �����A H����% ���=2���= 
Crn + Spl + And + Kfs + Pl + Ms + Bt + Chl 

��&%�< .��+����� V>��% ����A /)+�$- �< H$!I#) � *�&��A
 ����A  ) ?,@��+= "�A��!B ����>� *+�!$!�+�3 2��= ��W9 �)�

 �&��3 &�
&B ?!,!�#  ) ��a%) ��$!�  �� � &��) ����A  ) 2) 2��=
J!#�0B��I#&,	 � KA+
LKB�0	�� �)�m �!9+!< � �)�&�) .

�� �0	�< Q<)�� u�#) �< /)+9��1$�2*�&��A O)� H$!I#) 
�!�+$
  2)�< ��+� 2�=#��<�S$A)� /�'�) � �	�� �q� �� -

*��  ) ���@0#) �< �A �
  2�= M��A+��9 �)P	)]�Z[�&% ���$(!B
�#) �0%)� �+7� . �	 Q<)��2S$A)� ��=2�+���� �

��A��=2KFMASH��+E� �=2#��<�����0#3 ��1$� �&% 
�)�+E� �� ASK)H'%Z(�&% ��)� /�(� &�).
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a#�E�b�2&E8) �F,>��/�
�&!8 S$� /)�
) �#�$% ���A � �#�$%�+,< �,F� Zli

<6�GS$A)� � 2 �	 Q<)�� �!�+$
  �� ��+���� 2�=���0#3 ��1$� 2�=.

������K�� �# �����������J0�7 ����O  ��� 

J����  ) ���'
x�� "
���9����� 2���=O�F$#��(��	 � ) ���@0��#) 
�$W$� p9 2�= ����A "!�< �����&$` ���� M�
 �� �+�7+� 2��=

 �)�+E� �� D$#P-T �#) .x�� "
) �� ����� S$�A)� 2��=
 ����A "
�9��< �A �.$# �� ��+���� ����8 �� /+����� 2��=

 ���A T��p9 ��)� )� �#�$%)"!
��B ��7�� "
��922�) 3 ()&�!B
���+% .����A �
�!E!�% :!A�9  ) ���@0#) �< ?I# ��=)�
��0�

 ) HX�8 �
PF9  2��AP
� 2����0'�) (�$W$� �&�$=� /�(� 2�=
 �)�+��E� M��
 �� )� S$��A)�P-T  ) ���@0��#) ���< � �����A J��#� 

�$W$� ���&�+!B �� �#� �< ��(	 � ��� ��=
3$&.�< ��(	 � ��� �
����A ��-+EF� u��#) �< �&�3 �#� ��< T���p9 T��8 �� 2��=

*����  ) ���@0��#) M����A+��9 �)P��	)Thermocalc(v.2.4) ]�Z[

S$A)��=2)s�9d(/�(��&$=�2�a
��9 2��� �s\ �7�� 2
�0���# ��&�8 ��(�	 � �)���\/]��#) ���<+,!A )SdT= 46oC

�SdP=1.1 Kbar()Hw%[.())�)� _1�� u�#) �< v�a#�W�2
<!�0(
"���; �!0',IE!# �	�< /�&< � 2P�L)��B 2�=&$0�=.(

�) 2And + 4East + Ames = 8Cor + 4Phl + 4H2O

l) 7Mu + Phl = 3Sp + 4San + 4H2O

�) 4East + 2Ames = Mu + 7Sp + 3Phl + 8H2O

�) 3East + Clin = 2Cor + 2Sp + 3Phl + 4H2O
P = 2.8 kbar (sd =1.1), T = 718 øC (sd = 46) 

���P2��Q
�� ��N���2 � 4�J(J� �����
�!�+$
  ��+� 2�=#��<�D$# _m)� �� �=2�#� �)�+�3 *+�!$!

2�)� (��+< � ��; &�)/�� ��E��� 20!�#)�+
� �)� ���< � ����0	) 
J��!	���0���!B &�$
)�	 �K1X))5+�#� /���0	) ��=2�$6� )

��E��� H�>)� *+!$!�+�320!�#)�+
� �)� �(��A ��#) ��)� ^�
 � )� /3 &=)+%�/)+9.����!��=20
 &�3 ��!�#)�+
� H>)� ��=

 )��B T+a!@�3 �+7� �; 2�+b �< ���)� �+�  KA+
LKB � �0
 ��
 �.��!< �0!9�+�3��.0#�> �E��� /�+< �)� � t!E- 2���1$� "
) 

&$0�=]s\[.
��A �+7���=2��� 2��< )*�&��A � H$!I#) (� /�(��&=�

 5�R &$
3�	 �A(�<�/�&< ���% D$# "
) �� �#) ��)� ^� �= .
�+��8 "!$�E= � )&�� �� /�(�� ��!�%�8 ��	�< ��A &�=�)2

H$!I#)O�7 �< �!9+!< �  KA+
 KB2�
 +�)&�3 ��5�R Q
)�%
(�<��#) ��)� ^� .

���!�+$
  "��
) �� �!��%�8 ���	�< ���=)2)M!0',IE!��# (
H$!I#)+ KA+
LKB+�7 �< �!9+!<2�� �&
� �
 +�)&�3 �; �+%

 T�E08) �<����#) �&% HX�8 �(�< 5�R Q
)�% )S$�A)�-
�=2s�].(5�R �0#+B �� �(�<2���!� ��#�B �� �$!
��B �

���A /&% �0�'% �< � ��!9+!< ��
�+'��� ��!q� �)&�<3 2��=
 ��#) "'E� T+a!@�3 &�=� ^�]���lk[.��)+�� 2��!��< �� �

�)&��� )&�2���A /)P!� �< �&% &!�+9 &���)� ��a9�) �)&<3 2�=
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