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0/35 0/3 0/35 0/37 0/39 0/39 0/4 0/39 0/4 0/39 0/45 0/38 En 
0/36 0/42 0/4 0/36 0/35 0/34 0/34 0/35 0/33 0/35 0/29 0/37 Fs 
0/29 0/28 0/25 0/27 0/26 0/27 0/26 0/26 0/27 0/26 0/26 0/25 Wo 
0/03 -0/030/07 0/09 0/27 0/19 0/09 0/14 0/12 0/49 0/08 -0/05 Jd 
0/04 0/07 0-0/04 -0/23-0/15 -0/04 -0/07-0/08-0/44-0/030/08 Ac 
0/93 0/97 0/93 0/94 0/96 0/95 0/96 0/94 0/95 0/96 0/95 0/97 Aug 
0/16 -0/05 0/06 0/02 000/01 0/01 0/01 -0/01 0/03 -0/03A(+aqw) 
0/24 0/29 0/24 0/26 0/26 0/27 0/26 0/26 0/26 0/26 0/25 0/26 C(+aqw) 

Ca-Mg-Fe Sodic pyx: 
B���� Final name: 
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$!N��#��@+ ���K�,��3 ���� ��� ( ���= �@2+ �7
'� �D.5��&	 ���2� 725'�(: L3�H�
� L�*. . .���

A��+9#�'� ,.0� ��,2E ( �2E 2H �3U= 
:UF �+3'�)F8
� �
8DE L�* 7
'� �� � N � �2 �� C)C� �" @D� ���2� 725'�(: L3�H�
� L�*�1
�I> 
# =),+.

���� �C����CD B
E�
� B
%�8����%
E 
SiO2 57/65 54/72 57/34 57/61 60/58 35/47 37/83 37/33 0/079 

TiO2 0/1 0/08 0/12 0/16 0/11 1/86 1/93 1/91 22/2 

Al2O3 26/27 27/78 26/39 26/21 16/48 13/69 13/29 13/35 0/067 

FeO 0/05 0/51 0/5 0/58 5/5 21/14 20/08 20/51 70/43 

MnO 0 0 0/03 0 0/08 0/1 0/1 0/11 1/017 

MgO 0/04 0/08 0/06 0/11 4/63 10/44 11/58 10/94 0/086 

CaO 8/3 10/45 8/76 8/25 6/26 0/29 0/12 0/14 0/062 

Na2O 6/36 5/24 6/13 6/12 6/79 0/11 0/12 0/12 0 

K2O 0/14 0/1 0/24 0/4 0/11 6/93 7/79 7/9 0/005 

 	+ 98/9 98/96 99/57 99/44 100/53 90/04 92/84 92/32 93/99 

oxygen 8 8 8 8 8 - - - -

Si 2/331 2/212 2/303 2/317 2/41 5/68 5/778 5/768 0/0041 

Al 1/416 1/497 1/414 1/406 0/874 2/584 2/392 2/431 0/0041 

Ti 0/004 0/003 0/005 0/006 0/004 0/223 0/221 0/222 0/8698 

Fe 0/004 0/041 0/04 0/047 0/437 2/831 2/565 2/651 3/067 

Mn 0 0 0/003 0 0/007 0/013 0/013 0/015 0/0449 

Mg 0/003 0/006 0/005 0/009 0/369 2/491 2/637 2/52 0/0067 

Ca 0/671 0/845 0/704 0/664 0/498 0/05 0/02 0/023 0/0035 

Na 1/029 0/847 0/985 0/985 1/081 0/035 0/035 0/037 0 

K 0/023 0/016 0/038 0/064 0/018 1/416 1/518 1/558 0 

Sum 5/482 5/468 5/497 5/498 5/697 15/323 15/178 15/224 4 

xmg 0/451 0/134 0/105 0/157 0/457 0/468 0/507 0/487 0/0081 

Or 1/315 0/928 2/224 3/74 1/097 - - - - 

Ab 59/73 49/602 57/041 57/499 67/713 - - - - 

An 38/956 49/47 40/736 38/762 31/19 - - - - 

&F��$
D :1�=()2Fn�%2!25 #�' ��M 3' �*#)2D�3 L�* �H L'
 �� @" ? �)	M2M1T2O6)H ���> L��,M�5 W2=)E ( $.,�*

 w�5'q( K 2E�= v�5' #$+ �_5�t� K]2�=' .#�0
�N ��T
K 2E�= L�*Si4+�AlIV ),@= ?�@,c' �H (Fe3+�� �')Q �)2C .

#�0
�N ��M1K 2E�= �
�*K < Mg ,Fe2+ ,AlVI ,Fe3+ ,Cr 
(Ti �� .2&�.�� ( $#�0
�N M2K 2E�= L�*,Ca, Fe2+ ,Mg 

Mn ,Na ,K (Li�� �')Q �)2C .w�5' )H�
8DE ��D�' L�*
WTQ �_5�t� ( #$+��
��� L�* 1�=()2F �� � L�*�5�)H 

? �)	 L'�'�L��,M�5 En30-45 Fs29-42 Wo25-29 $.,�* .��
�'� @�Q-J ]4v[�1�=()2F �� � L�* �5�)H ��#),�C 

1�=()2F Y � L�*Fe-Mg-Ca- Na�� �')Q $�)2C)V%+p
A(2�!= Y � 3' )0
� n��_" �H ($.,�* �@ � N( 1
' �H �

1�=()2F �H �_��7
'� L�* h^�.� �� �H�&� L3�H�
� L�*
 �' D@*$.���$.,�* L),@= X2�!= L'�'� #�<�'8* $.H ( )_�� .

1�=()2F 1
' �@= �'$�� L'�'� �*Na �%
�8� �� ( $.,�* 
� t�Q�� �')Q $�)2C .#�0
�N�_2=)E 1�=()2FL�* �� �

�� �5�)H ��!�� �'� @�En-Wo-Fs ]4v[@!Q �� ()�
:(' 
�,	)C �')Q �5')V%+p�.(
�C����CD:Z
�,� �
8DE�T�� K 2E�= ( 3U= 
:UF L' ���> L�*

 L��,M�5 ? �)	 w�5' )H �_5�t� 3' dFk�� K]2�=' ?($N 
4#��(> #$+ �5' .Z
�,� �+3'�)F8
� �
8DE )0��2H �*3U= 
:UF

 W2=)EAn31-49Ab49-67 )1
3$�> (K> L')H �5�*)V%+q
i�'.(

B
E�
� :#�0
�N�2E 2H7
'� �� � N � L�*L�* �� � L3�H�
�
�5�)H ��!�� �'� @� �� Mg-(AlVI+Fe2++Ti)-(Fe2++Mn) 

n')22{E �'� @� (Si  �H �_��Fe/(Fe+Mg) ]p\[K�&� 
��$*��2E 2H 1
' �= �2E 2H Y � 3' �* X
82.� 3' �.B L�*

 $.,�*)V%+q� ( A.(
���� ������ :���= L�*�$=7
'� �� � N � �� � L�*�5�)H 

�H L'�'� 120��2� � ^qp/g\ $/�� FeO �V= 4/44 $/�� 
TiO2(\�/���3( $/�� MnO #� H �2,.0� ��,2E 1
')H�.H (
$.,�*.
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 0.2� ��@5�Q �K�2Q��/ �L��%+ �5�.+� !H �!D�K')
' �5�.+ ���= ( ���

?.�Gi�'J.=')F dF )
 �E ���= 3'7
'� �� � N � L�*  �C)C� ��" @D� ����2� 72�5'�(: L3�H�
� L�*���A �# =),�+ 1�
�I> (W�2=)E 

�
�2@2+ 1�=()2
 .2!=L�* 7
'�)H �* �'� @�Q-J ]4v[.�(1�=()2F .2!= �
�2@2+ W2=)E7
'� L�*#�� �� �* PN)� L$.H]4v[.��
��� ��N
#�'� 3' #�<�'8*$.H �" @D� L�*]4p[��H>�b� (]4g�4k[�5' #$+ #��[,5' 82� .

?.�Hi�' (#�0
�N7
'� �� � N � L�*3U= 
:UF �_2=)E�� C)C� �" @D� ���2� 725'�(: L3�H�
� L�*��5 �'� @� �� # =),+ 1
�I> �
�E
#�� �*���5$!	 L$.H]4o[.�� K�&� �'� @� 1
'$.,�* �.
3$�> W2=)E L'�'� �5�)H �� � L�*3U= 
:UF �= $*� .A(��!�� �'� @�Mg-

(AlVI+Fe2++Ti)-(Fe2++Mn)(�(�'� @�Si�H �_�� Fe/(Fe+Mg) K�&� �= �2E 2H W2=)E #$.*� �5' #$+ �
8DE L�*]p\[.

���$� � I2� 
����&F��$
D��
<� 5
�$E J��� $� �������� 

7
'� V2%&E ��&	 ( ��� S
')+ �* ��� x(� 3' #��[,5' �H �
7E �D.5��&	 1�=()2F�,	)C)H 3' ]p��pp[x(� (�9'�'
PN)� �� #$+ ]pq[�122-E+$.�_5�t� L��� 120��2� 3' #$+

x(����� ]p��pp[12H ��ou �E ���u�,��5 �N�� ( �')C
 12H 3' #$+ �_5�t� ��&	 120��2�u�Eo/g��H !2= �5' 

)?($Np.(7
'� �,5� ��&	 ( ��� 120��2�L�* L3�H�
�
 #�<�'8*$.H �" @D�]4p[x(� 1
' �H ��qv �E ��ko �N�� 

�,��5 ( �')C4/4�E4/g��H !2= �5'�H ��&	 ( ��� �H �= �5�
7
'� L')H #$�>$��'� ��' �@* # =),+ �" @D� L3�H�
� L�* .
VH�Q n')22{E1�=()2F 3' �M)H V2%&E �H ���&	 �N E �� �*

7
'� 1
' #$�3�5 L�@C�� i!,�� L)20
�N L�*3')E VH�Q �*
�5' �2N E .@"' �� �̀ @-� �*� !H �+�� ( �*��� ( ),&2H O�

�� � !_,� ),&2H L�*��&	$� + .1�=()2F 3' L�'$-E �^ 82� �*
 ��&	 ( ��� �� �D2,��� ( K> �
��� L)20
�N ( �@C�� � -/

#$+ � !_,� ),@= n')22{E �1
')H�.H �$�'#),�C��� Z
�,� �
( ? @-� L)�' �J*(]F 1
' �� #$�> �5� �H �D.5��&	

�5' ��T.�.
)Hw�5'  @��'�YPT  �H �_��XPT�SH'(� w�5')H �=

�� �_5�t� )
3 $� +��L��� K' E 1�=()2F .2!= V2%&E�*
�� m.5�*'�122-E �)=]pq[.XPT (YPT �=)Hw�5' 

SH'(� )
3 �_5�t� �� $� + 
XPT = 0/446 SiO2 + 0/187 TiO2 - 0/404 Al2O3 +
0/346 FeO - 0/052 MnO + 0/309 Mgo + 0/446 
CaO- 0/446 Na2O )�(
YPT = - 0/369 SiO2 + 0/535 TiO2 - 0/317 Al2O3 +
0/232 FeO + 0/235 MnO – 0.516 MgO – 0/167 
CaO – 0/153 Na2O )4(
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$!N��#��@+ ���K�,��3 ���� ��� ( ���= �@2+ �7
'� �D.5��&	 ���2� 725'�(: L3�H�
� L�*. . .���

W2E)E 1
' �H1�=()2F .2!= �*��� �� �* L�4pu �E �\u\ 
�N�� �,��5 ( �')C ��&	 12H4�E�\��H !2= #$+ V2%&E $�'

)V%+u.(
Z.5��� 7
 �@25)E)Hw�5' $/�� �� %� � �2� ,5�(�

�2E�,��'���2!25()	S5 E�!5$.2� �	)-� $+]pu[�=
�)H��= #�),�C�� L' �D.5��� 1�=()2F .2!=�*��'� .)H

�x(� 1
' w�5' L��� _E1�=()2F .2!= � ! �� � N � L�*

7
'� �� � L�*�5�)H�($c �4\\ �E ��\\ �,��5 �N�� �')C
#� H �5'.VH�Q �N E �5' �= Z
�,� #$�> �5� �H 3' x(�L�* 

�̀_
)�E i!,�� )0
$%
 �H�&� $.,�*)V%+u�.(
�
�F)H ��'(')	 K 2E�= L�*Fe �Mg (Ca�� W2=)E 

1�=()2F .2!= �� 82� �* EK'L��� � !_E ���> �)= ��(>)H '�
]pu �pg[.

A��+ GZ
�,� ������ � N � 1�=()2F ���= #��[,5' �H �D.5��&	 7
'��� C)C� �" @D� ���2� 725'�(: L�*�# =),+ 1
�I> .
S5 ,� ]p�[ ]p4[ ]pp[ 1�=()2F W2=)E w�5' )H �D.5��&	���

T(C ) P(kbar) T(C ) P(kbar) T(C ) P(kbar) T(C ) P(kbar) 
Average 1193/5 5/7 1195/3 7/3 1161 5 1115/5 7/9 

]q4[

FeO 15/99  15/24  14/235  14/8  15/71  15/85  17/11  16/5  17/58  20/98  15/08  26/81  

MgO 12/72  12/77  14/846  13/2  12/67  12/9  12/32  12/73  11/453  10/33  9/869  9/053  

CaO 11/98  12/37  11/638  12/19  11/88  11/97  11/58  11/79  11/64  10/43  12/47  10/28  

Ca 0/214  0/221  0/208  0/217  0/212  0/213  0/207  0/21  0/208  0/186  0/222  0/183  

Mg 0/316  0/317  0/368  0/328  0/314  0/32  0/306  0/316  0/284  0/256  0/245  0/225  

Fe 0/223  0/212  0/198  0/207  0/219  0/221  0/238  0/229  0/245  0/292  0/21  0/373  

XCpx 0/413  0/401  0/35  0/387  0/41  0/408  0/438  0/421  0/463  0/532  0/461  0/624  

[Ca] 0/284  0/294  0/268  0/289  0/285  0/283  0/275  0/278  0/282  0/253  0/328  0/235  

T 1212 1206 1268 1220 1214 1217 1210 1216 1189 1184 1129 1156 

]pk[

P(kbar) Ti Fe Al Cr Na Ca K T(K) T('C) 

8 0/04 0/54 0/22 0 0/08 0/23 0/01 0/6 1425/4 1152/4 

?.�KA ( i�' (122-E L�*�'� @� ��&	 ( ��� 1�=()2F .2!= V2%&E� N � L�* �� 7
'��� C)C� �" @D� ���2� 725'�(: L�*�1
�I> 
�H ��H>�b� ( #�<�'8*$.H �# =),+ #��[,5' 3' PN)� x(�]pq[.L��� V2%&E W!B' 1�=()2F .2!=�*12H�4pu �E �\u\�,��5 �N�� �� �')C

 L�*��&	4�E�\�5' ��H !2= .�(L��� 122-E 1�=()2F .2!= V2%&E�� � N � L�* 7
'��� C)C� �" @D� ���2� 725'�(: L�* �1
�I> 
�H # =),+ #��[,5' 3' 7E Z.5��� 1�=()2F]pu[.

cpx
ena
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 0.2� ��@5�Q �K�2Q��/ �L��%+ �5�.+� !H �!D�K')
' �5�.+ ���= ( ���

���.&2F w�5' )H8E)= ]pg[V2%&E L��� 
1�=()2F .2!=VH�Q )
3 �TH'� 3' �*�5' �H�
3�':

T(oc) = 1000 / 0.54 + 0.608Xcpx – 0.304Ln(1-
2[ca]cpx) – 273 )p(
Xcpx = [Fe2+ / (Fe2+ + Mg)]cpx

[Ca] = Ca / Ca + Mg + Fe2+ )q(

�w�5' 1
' )H ),&2H 1�=()2F .2!= �� �� L�* ��5�)H �� 
L��� 12H��4o �E�44\ �N�� �,��5�')C #$�+ V2%&�E $��' 

)?($N4.(
� !2E ( d2!2�]pk[3' 7
 W2=)E A)DE � a.� �H 

7E Z.5���1�=()2F L')H L�*��� k�p �E ��pp �N�� 
�,��5�')C (��&	 p�Evp��H !2= #��[,5' #� @�$�' .Z
�,� 

�D.5��� 1�=()2F .2!=�*��?($N p�5' #$+ #��(> .L��� 
V2%&E 1�=()2F .2!=�*��L�*��&	 v�E�\�H ���H !2= � ^

 120��2���u4 �N���,��5 �')C �5' #$+ ��(>)H.��1
'
x(� 3'? �)	 )
3#��[,5' #$+ �5':

T(K)=23166 + 39.28 .P(Kbar) / 13.25 + 15.35.Ti + 
4.50.Fe - 1.55.(Al + Cr – Na - Ka) + (Ln )2 )u(

)v(= (1-Ca-Na-K).(1-1/2(Al+Cr+Na+K)) 
�'� @� w�5' )H Mg# _���H �Cr2O3]q\�po[�

1�=()2F .2!=�� C)C� �" @D� �� � N � L�* �1
�I> 
�� # =),+#),�C 1�=()2F .2!= �')Q ��� X= ( ��&	 X= L�*

�� $�)2C)V%+v(]po�q�[.

�����C����CD 5
�$E J��� $� �������� 
#�),�C i2^ �� 3U= 
:UF )
���� ( �*��&	 ��*��� 3' L'

� !_,� A>��&	��� +.�'$�� �A> �'$�� ( ��� J
'8	' �H
�� J
'8	' 3U= 
:UF �� �,2E� �> #$�3�5 $H�
]q4 [J
'8	' �H (

�� ),&2H 3U= 
:UF �,2_�> #$�3�5 �'$�� ���&	 � +]qp.[
��� 3' #��[,5'��� #$+ �9'�' x(� �H �3U= 
:UF �D.5��&	 

PN)�]pp[���= 1
' V2%&E ��&	 ( ��� ���H K> �'$��' L���
�� �5�$
> .L�*��� 120��2� � ^ �H �x(� 1
' w�5' )H

��44 �E �4qo�,��5 �N�� ��&	 ( �')Ck/g�5� �H ��H !2= 
�� $
>)?($Nq.(3' #$�> �5� �H Z
�,� �H ��&	 ( ��� 1
'
����1�=()2F �D.5��&	 ��'� V��= ��' �@* �* .

?.�L1�=()2F .2!= W2=)E �� � N � L�* 7
'��� C)C� �" @D� ���2� 725'�(: L�*�i�' �� # =),+ 1
�I> (�'� @� Mg#  �H �_�� 
Cr2O31�=()2F .2!= L')H �*]po[A ((]q\[�)�,[C)H PN)� 3']q�[(

A��+HZ
�,� V/�c 3' ��� ��D.5��&	 7
'� �� � N � L�*3U= 
:UF" @D� ���2� 725'�(: L3�H�
� L�*�� C)C� ��x(� �H # =),+ 1
�I> 
PN)� ]pp[.

23 (24a) 25a 26  

T(C ) T(C) 
sat T(C ) P(kbar) T(C) 

sat 
KD(Ab-

An) 
1 1134/6 1155 1139/5 8/1 1168/8 0/43 

2 1149/3 1155 1158/7 5/5 1168/8 0/28 

3 1114/9 1137/4 1112/5 6/7 1136/8 0/39 

4 1124/9 1150/5 1113/2 8/9 1135/8 0/48 

5 1097/7 1137/4 1090/4 9/6 1136/8 0/61 

average 1124/2 1147/1 1122/9 7/8 1149/4 0/4 
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