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نمونه ها SiO2 TiO2 Al2O3 Fe2O3 FeO٭ MnO MgO CaO 
1234 51/22 1/31 17/31 3/53 4/31 0/15 6/73 8/46
1264 51/77 1/33 16/24 5/44 2/66 0/12 7/92 9/28 

14611 53/15 1/75 16/45 8/23 0/87 0/14 5/78 8/44 
1268 53/37 1/2 16/48 7/28 0/91 0/14 4/22 10/2
1269 54/22 1/61 16/31 3/62 4/7 0/13 5/7 8/71 

1469 54/61 1/54 16/02 4/72 3/66 0/13 5/25 8/4
1265 54/66 1/22 17/15 5/12 2/5 0/13 5/15 8/63 
672 54/95 1/42 17 2/72 4/82 0/15 5/64 7/76 

30513 54/98 1/26 17/32 2/46 4/52 0/13 5/6 8/54 
3059 57/4 0/96 16/29 2/19 4/33 0/12 5/94 8/04 
30510 58/66 0/93 16/6 3/78 1/85 0/11 4/01 7/28 

3058 59/73 0/69 17/66 3/19 2/04 0/09 3/41 7/49 
27562 60/67 0/98 16/63 2/53 2/96 0/11 4/01 6/3
14610 60/78 0/99 16/76 2/9 2/77 0/11 3/41 6/23 

27561 60/95 0/84 17/49 2/2 2/73 0/09 3/56 6/31 
30511 62/08 0/91 17/05 2/49 2/51 0/1 2/9 5/97 
30512 62/59 0/78 16/1 1/95 2/7 0/08 3/58 6/4

2554 62/67 0/81 16/46 1/93 3/26 0/11 3/3 5/91 
30515 62/73 0/82 16/26 2/6 1/98 0/14 2/83 6/99 
1463 62/95 0/58 16/64 2/4 2/35 0/1 2/43 6/27 

1462 63/11 0/72 16/38 1/62 3/24 0/11 3/3 5/75 
1267 63/36 0/72 16/33 1/43 3/37 0/1 3/23 5/73 
1461 64/21 0/62 16/27 2/19 2/43 0/1 2/87 5/83 

3057 64/49 0/58 17/02 3/67 1/03 0/11 1/36 5/87 
2557 64/65 0/58 16/7 2/83 1/72 0/11 2/17 5/44 
2555 64/99 0/66 16/84 2/64 1/72 0/07 1/89 5/18 

25510 65/5 0/55 16/56 2/64 1/56 0/07 1/96 5/36 
2552 66/25 0/45 16/56 2/53 1 0/06 2/07 5/22 
1467 67/35 0/48 16/32 2/38 1/1 0/07 1/8 5/12 

1369 67/46 0/48 16/17 1/59 1/98 0/08 1/84 4/69 
1266 67/52 0/48 16/05 2/73 0/8 0/05 1/47 4/96 
1361 67/96 0/49 16/1 3/7 0/08 0/06 0/66 4/39 

671 68/71 0/45 15/59 2/55 0/77 0/05 1/51 4/68 
1367 69/12 0/38 15/76 2/18 0/59 0/04 1/69 4/83 
2753 69/17 0/4 16/06 2/97 0/12 0/07 0/27 4/63 

12610 69/39 0/41 15/21 1/51 1/42 0/07 1/38 4/64 
1368 69/51 0/42 15/3 2/04 1/01 0/07 1/49 4/09 
2752 70/4 0/32 15/88 2/4 0/01 0/04 0/94 4/03 

2751 70/49 0/32 15/88 2/38 0/01 0/02 0/91 3/94 
1365 72/09 0/32 14/78 2/49 0/01 0/04 0/54 3/38 
1465 72/71 0/29 15/23 2/07 0/01 0/02 0/52 3/33 
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Na2O نمونه ها K2O P2O5 Total Ba Cr Ga Nb 
1234 4/4 2/03 0/55 100 338 126 18 30 
1264 3/7 1/14 0/41 100 99/71 341 283 17 
14611 3/71 1/08 0/39 100 347 116 22 18 
1268 4/37 1/22 0/6 100 234 184 18 20 
1269 3/53 1/1 0/37 100 241 179 17 18 
1469 3/41 1/9 0/36 100 304 139 17 19 
1265 3/93 1/02 0/47 100 382 156 17 12 
672 3/82 1/34 0/37 100 188 170 15 15 

30513 3/58 1/26 0/37 100 229 148 21 17 
3059 3/4 1/06 0/27 100 245 224 16 13 
30510 4/89 1/5 0/38 100 313 86 17 24 
3058 3/83 1/4 0/48 100 331 85 16 16 
27562 3/77 1/7 0/35 100 332 97 16 16 
14610 4/16 1/53 0/35 100 363 57 17 16 
27561 3/94 1/59 0/31 100 307 94 16 16 
30511 4/06 1/59 0/34 100 243 41 16 14 
30512 3/65 1/99 0/17 100 310 135 15 11 
2554 4 1/23 0/32 100 310 49 16 16 
30515 3/88 1/46 0/3 100 318 141 15 17 
1463 4/15 1/79 0/34 100 262 76 14 13 
1462 4/17 1/3 0/3 100 248 85 14 14 
1267 4/06 1/35 0/31 100 272 90 18 15 
1461 3/98 1/17 0/32 100 259 81 18 15 
3057 3/97 1/57 0/33 100 379 67 17 15 
2557 3/85 1/63 0/32 100 558 48 15 14 
2555 3/7 1/98 0/35 100 307 42 15 13 
25510 3/82 1/73 0/24 100 376 55 17 13 
2552 3/89 1/69 0/27 100 312 59 18 16 
1467 3/58 1/58 0/21 100 316 60 17 11 
1369 3/56 1/89 0/26 100 500 53 16 15 
1266 3/87 1/85 0/22 100 483 36 14 11 
1361 3/97 2/32 0/27 100 384 58 15 10 
671 3/9 1/64 0/14 100 296 48 17 17 

1367 3/58 1/68 0/14 100 297 52 17 10 
2753 3/87 2/25 0/17 100 296 48 14 9 
12610 3/9 1/91 0/16 100 478 50 17 10 
1368 3/88 2/01 0/17 100 333 69 15 12 
2752 3/84 2/01 0/12 100 433 40 14 10 
2751 3/98 1/95 0/12 100 429 39 19 9 
1365 3/6 2/63 0/11 100 452 35 16 9 
1465 3/69 2/03 0/09 100 321 28 14 8 
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 �"� ��$=$<
Ni Rb Sr V Y نمونه ها Zn Zr 
1234 90 34 671 152 27 75 212 
1264 11 173 23 699 166 24 188 
14611 78 27 839 213 21 94 200 
1268 103 <3 500 160 28 89 203 
1269 105 32 488 167 26 84 188 
1469 86 26 528 141 26 76 201 
1265 74 34 494 201 26 84 183 
672 94 26 531 144 24 84 208 

30513 91 13 537 148 26 70 213 
3059 142 37 392 124 26 63 194 
30510 57 53 424 102 28 64 278 
3058 52 35 520 107 20 88 225 
27562 69 53 486 107 29 64 247 
14610 54 59 492 88 22 61 206 
27561 63 36 400 94 30 62 244 
30511 26 50 410 97 25 61 223 
30512 79 69 288 95 25 49 187 
2554 28 50 355 85 29 70 238 
30515 62 44 329 98 26 68 223 
1463 49 32 337 95 32 69 244 
1462 55 42 299 90 31 66 243 
1267 58 44 429 84 27 62 241 
1461 55 37 302 85 31 64 254 
3057 36 59 359 69 26 64 237 
2557 29 36 352 75 27 63 241 
2555 25 43 322 84 28 66 234 
25510 33 65 328 75 25 60 205 
2552 28 49 380 64 18 54 215 
1467 29 73 342 57 17 41 195 
1369 27 48 471 65 26 51 252 
1266 18 89 439 46 22 49 190 
1361 30 57 348 60 17 52 197 
671 31 104 313 65 25 55 175 

1367 25 80 271 59 22 44 184 
2753 28 60 299 42 12 43 182 
12610 26 66 293 34 18 32 195 
1368 77 76 239 53 25 47 212 
2752 23 64 471 28 11 39 164 
2751 21 69 326 37 13 45 158 
1365 25 92 242 25 16 41 159 
1465 15 74 239 22 15 32 170 
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 �"�.�6$A)�<iP+
 !�)�[. �!�����+6� �%)��* �A<�
�? ��+
 ��1��  �)�P >.
���f ��+6�-7 7�2!% �!6!��� iP+
!�)�[. �!����)��* ��+6� <
h Zh0Xs ��)��*)"��;�? g�#( g)�# ���. �(�)�2N33°/13´-E59°/55´ 
0 Zh03s �? �=+
�� A)����)-i*��) �6�* /)�+Q7 !"N33°/29´-E59°/46´ 
3 hsXhh �? �=+
�� �& D�(*+$.�/�� N33°/26´-E59°/48´ 
s Zh0Xe �-�?�1�)��* �� f5F D�(��6% N33°/10´-E59°/55´ 
v Zh0X� �-�?�1�)��* �� f5F ]�6% N33°/10´-E59°/54´ 
X ZhsX� �-�?�1�)��* �� A)����) HQP��) �6�* /)�+Q7 !"N33°/28´ -E59°/47´ 
Y Zh0Xv �-�?�1�)��* �� g)�# T�$P �	C$
 N33°/13´-E59°/58´ 
e ZZXY0 �-�?�1�)��* �� +#? g+$.N33°/12´-E59°/29´ 
� 3Zvh3 �-�?�1�)��* �� .��F���*? ���Q
 �6�* "F�% N33°/23´-E59°/32´ 

hZ 3ZvhZ �+6$*�� �
!p�Q2�) ��"F�% �* /�%)� N33°/19´.25 – E59°/34´.038 

hh Z3Zv� �-�?�� %�B!P�% ��/�%)� ���. N33°/19´.2 – E59°/34´.05 
h0 Z3Zve �-�?�� .��F�/�%)� �6�* ��.�) N33°/16 – E59°/30´ 
h3 0YvX0 �-�?�� -$5*<8$F�# � �5
 ��2 N33°/11´.5 – E59°/42´.4 
hs hsXhZ �-�?�� �& D�(*+$.�%�B�/��!P�% �����. N33°/26´ - E59°/49´ 
hv 0YvXh �-�?�� 8$F�# D�(��6% � �5
 ��2 �$
)� N33°/11´ - E59°/42´.6 
hX 3Zvhh �-�?�� /�%)� HU��-B–"F�% N33°/21´ - E59°/34´ 
hY 3Zvh0 �-�?�� "F�% g+$. N33°/21´.7 – E59°/33´.188 
he Z0vvs �-�?�� -$$
 g�[��6% N33°/12´ - E59°/38´ 
h� 3Zvhv �-�?�� "F�% ]�6%N33°/21´.9 – E59°/32´ 
0Z ZhsX3 �-�?�� % g+$.!��N33°/17´ - E59°/47´.28 
0h ZhsX0 #)�!� A)��� �) -i*�g)�# –/�A� �6�*�/�A� –���. D�% N33°/15´ - E59°/48´ 
00 Zh0XY #)�!� g)�# g+$. N33°/12´ - E59°/52´ 

03 ZhsXh #)�!� A)����g)�# –/�A� �6�*�/�A� –���. D�% N33°/14´.5 – E59°/48´ 

0s Z3ZvY #)�!� %�B!�*�S+� ���. �!�–��)� N33°/16´ - E59°/31´ 
0v Z0vvY #)�!� -$$
 g�[��6%N33°/12´.5 – E59°/37´.5 
0X Z0vvv #)�!� g�S-$$
 N33°/13´ - E59°/37´ 
0Y 0vvhZ #)�!� /�$#) HU��-B�*!�F- N33°/16´.2 – E59°/33´.7 
0e Z0vv0 #)�!� �? D�(��6%��(N33°/11´ - E59°/37´.3 
0� ZhsXY #)�!� /�A� ���F��� N33°/24´.8 – E59°/47´.6 
3Z Zh3X� #)�!� �1#��</)��� N33°/20´.7 – E59°/41´.4 
3h Zh0XX #)�!� �
!g)�# �–A)��� �>F�� �f5F N33°/12´.5 – E59°/52´.15 
30 Zh3Xh #)�!� >F�� D�(��6%N33°/14´ - E59°/57´.5 
33 ZZXYh #)�!� +#? g�[*+$. N33°/12´.5-E59°/29´ 
3s Zh3XY #)�!� g�S+� D�(*+$.N33°/19´ - E59°/42´.05 
3v Z0Yv3 #)�!� �1#��<�7 T+2 <N33°/07´ - E59°/42´ 
3X h0XhZ #)�!� ,�_ ��� g+$. N33°/07´ - E59°/53´.8 
3Y Zh3Xe #)�!� /)��� g�S+� N33°/19´ - E59°/41´ 
3e Z0Yv0 #)�!� O�� �>F�� ���.��;%+7 N33°/07´ - E59°/43´ 
3� Z0Yvh #)�!� A)����>F�� –�;%+7 N33°/06´.9 – E59°/43´ 
sZ Zh3Xv ���+!� )+F D�(��6%/N33°/16´ - E59°/43´ 
sh ZhsXv ���+!� �1#��<�*���6 N33°/19´.85 – E59°/48´ 
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-5.h����6% �3@!��& �h3�Z 8$#���7 ���!6!% �!7�2 �#��* � �#�$%8$# �!��
 <�A<�A. . .z�d

���>����� ����� 
�	C$
 ���+GF a+. /�� "!* -$.�!* </�1�G!# <]v�X[��

�$�& � D�% �G#) �G1��  �)�GP g�GS �� T+G� <.a+G. /��
���+F � ��*+G$. ���6% �57 -��� �* /�1�!# <"!G
� tGP)� �

�iCP <��+F�* ��� HGU�B �7 �#) -$65!A < �iCP �* T+� <
�;���* /-% �1�* � �����& �!K���@
 �� /)��) ���F �#+��!P) <

�#) "���S? �!%�2 .�$�& "�) �GO+6V
 H
�% <��+F�* <<�GA
 "!
� �'$# �1(�� ��#+��!P) �\#+1!� �1F�# ����GF� <�GA <

�GGO+6V
 �>!GG5� <�)�?�E? <�GGA–�1(GG�� � ���(GG\(2? <�GGA
����F� �G#) -i* �* ���P+� �#�2�7 �) M�+
 <.�G$�& T+G� <
��+2 @!� <�1G#)� �� /? ]+Gp �G7 R;:1�G
 � �-!(7 �#) <)

 �* �*+$. ]�6%�xx �G
 �1
+G5!7 ���GF �) >G�* /? � -G#�
 � /? "!G* � /)�G�) D�G% >!G5� /�� g�G[
 �� �7 �#) /)��)

 �#) �1��  �)�P <@7�
 /)��).� c�� �) *+#� �!B�� "�) <�AT�
/? �
��� �7 �#) �!K���@
 R!�� �) >!* �* �A�  �Anxx 

�
 �1
-#� .8$# a�1�  ��NO �* �) �!G%�2 ���(G\(2? <�A
� c�� �* �7 �#) �$�& "�) ���* <�A <�)�?�E? <�A-GB)� T�+U
�6�-P 8$# � �2 /)+. ���(\(2? <�A -��)� /+6$F� �2 .>G�*
���1�  <) *+#� �* �$�& "�) �)T��-!G%+& ���2)+G7+!5& �Q���2 

�#) �-%]Y�e[."!
� �	C$
 �#�$% �G
 )� �G#��* ��+
 <-
"!
� 4���2 g�2��* /)+2 >!* �;��$_ ���)� /)��) D�% �1F�#

 8$G# >G%+& �G�� �G	C$
 rCG# ,+#�� �) ���(G\(2? <�GA
 �$�& ���2)+7+!5& �2 <�!%�2 G��Q6A �)+G� �+jB � ��+* T+� <�

�(G!5� >�* � <���F ]�6% �� �1!�+!�)��]�6G% � g+G$. 
�
 )� /? <�1F�* �V!1� /)+2 "!G
� RG�=� <�G* R7�GB �1F�G#

���)� �!B��.

�������� 
�G* �Q�G� R�-# � R!#�1& <�A-!�7) J+6V
 �)�+6� M�#) �*

 }!5!#)H;%0(8$# )� �G#��* ��+G
 �G.��F "��E? <�A
�
 �G% <��* �O+6V
 �� �* /)+2 � �1�)��G* ���-G�? ��G�)��* H


H
�G% <-!G#) �G2 9G#)�-B �GO+6V
 � �1�)��* ���-�? �7)�2
��� �!�+�� � �!#)� ����-�? �7)�2 ����-�?��7 <-$* .

?'$>�	?�>"�� � ���@'$>�	 ��� 
8$# "�) ��
+6O �A ��1G#�@
 �G* <�!��& ���* <)�)� � 8�� ��!2 

�(GG!% �GG2 �GG1!���;!
 <)–1�GGA �GG1!���;!
 -$.<+GG1:

8$GG# "GG�) �� ��GG��7+$� �"�+GG!�) �GG* H61(GG
 � �-GG�) �GGA

 "�GG7��!&+$!57)�GG�=�) � <-!�GG&+�� �GG�=�) �-!�GG&+�� (�
� "GA? <�A-!�G7) � �G����)�*� 9#+1
 �!7�2 �* �N7+�=N&

 �#) /�1!2)]�-.3.(���-�? >�)-. �G7)�2 �) �1�)��G* <�GA
���-�? �1�)��G* <�A)�G��? �=+G
 �GA (]�[� �� �G�+6 �1G#� <
/�GG;
) ��GG!6F 9GG#+1
 �GG!7�2 � ��+GGQ� ���GG&�GG7 @!��GG�? �GG* 

�GG�+6� �� �GG%�)��&@���GG1��  �)�GGP >��GG
�? ��+GG
 �1�)��GG* <
�G#) �-G% ��(
 �1�)��* ���-�? .�� �G7 ��G!��B �� "G�)

�GG�+6����-GG�? �) �GG�1$
 <)��GG��7+$� �1�)��GG* <�GGA �� �GGA
��!6F�-$7)�& �1!#)� �!7�2 �* <) -�))%H;�A<3�2X.(
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(6�A���-$*<8$# �A<��(\(2? �#��* ��+
 �M�#) �* 5P J+6V
 �)�+6� !�<# �* �Q�� !5!}(Le Maitre et al,1989).
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��$�-*�O �P+|� ��+& ��)����i
�+&�5(!Q#? }�+A /)��) �#�$% ���7 � �#�$%�+5* �5V
 z�z

(6BB�C� -GG$5Q��+A � "�GG7��!&+2�) J�GG61.) 
���* H!;(2��&��
+5 !<����-�? �� )XPL(.

(6BB�D��GG��7+$� �� �GG1!��@��7 "�+GG!�) <�GGA
��)��*XPL .

 �"�5�*�$* T)-A�(
 8$#1F�$%�8$# �	C$
 �� �A<��+
 #��*����  W$& �* T�+U �* �	2 ]�-. !G
 R�-�+G%)�G
NO +�G$i
 �G*<
�+jBO ��
N–�$i
 �* <��7 �+jB ,-O �7�2 �� !8$# ��#)(.

ol : Olivine – cpx : Clinopyroxene – opx : Orthopyroxene – hbl : Hornblende – plg  : Plagioclase 
kfs : Alkali Feldspare – bi : Biotite – Qz : Quartz – Ilm : Ilmenite – Ap : Apatite 

(6�F���* <�!��&��!6F �* �(!% <�� <)
�!�+�� .XPL 

(6�G�* �)�6A �N7+�=N& /�� � �%�� <�A�+5*
��!6F �� �!2+!* � -$5Q��+A% <�(! �!#)� <)XPL.
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-5.h����6% �3@!��& �h3�Z 8$#���7 ���!6!% �!7�2 �#��* � �#�$%8$# �!��
 <�A<�A. . .z�n

?�>"��?��$= -��?�'%�� � ����
8$# "�) ���S ���* ���1�G  fG!p �G* H61(G
 �G7 �GA �) <)

8$# & �-$2)�7+7+� �2 T)�7�@
 <�A+���7+$� � ��+* <�!���-
�(!% �2 �+5*@�� ��1#�@
 �� �A �-$7)�& <)-�) .8$G# "�) �� �GA

 &��
+5  ���* �A� +�
 �-�� @!� <�!���+% .��G��7+$� <�GA
8$GG# "�GG7��!&+2�) �GG�)�)�� �GG!2�2 �GG* )� �1��-GG�? <�GGA

)�!2�1�GG�)("�GG7��!&+$!57 �)�GG�=�)(�N7+GG�=N& �)"��-GG�?(�
H!;(2 /�1!2 � "A? <�A-!�7) � -$5Q��+A �G
 -G$A� ."G�) �G*

��GG
+6O M�GG#)8$GG# "�GG7��!& �GG#��* ��+GG
 �1��-GG�? <�GGA
���-�?)-�.��+6� �� �� 8$G# "G�) �) �G�1$
 <�G!7�2 ��GA

 �(!% ��!6F<��)-�) ���!5P �U�$O �) �!	� �1!�+�� �-% <�! 
�#).

����7+$� "��1�)�)�� 8$# �� �A �G��* <)�)� �1!#)� <�A
 �;!
 ��1#�@
 �* <�!��& �1!��–�(!% �-$5Q��+A �) -$2��QO <)

 � �G!2�&? �@2�)+G7 }$. �) ���A�+5* �* �7 �N7+�=N& � �!2+!*
 �G
 �A)�6A /�1!2 � "A? <�A-!�7) -�+G% .8$G# �G��* <�GA

 ��G
+6O ��1#�@
 �* <�!��& �1!�+�� T)�7+7+� �(G!% � ��+G* <)
/)�)�� ����7+$� "��2 8$# "�) �� �A �G!2+!* �G* H61(G
 �A �

@2�)+G7 � R!G#�1& T��G#-5� ��N7+�=N& ��+G* <�GA�+5* �G* �G7 
�(!% /��� �!2�&? � �!$65�) �_+7 }!5!G# <+G1:
 �G* <)

 �* ���*Yx��1��  �)�P -�).

���������
�. �* �b��7�2 ��'!��A<'$# ���#��* �� f51�
 <��2 ����-

<?�� ���(G\(2? -$��G� ]�G6O) ��G	C$
 �G�)�)�� ���G:* �
��+6� g��1�)�A<��G#� � HP)-GB �G* ��GA�1
)��& ��7)-GB �<

7!\�8$# #�$%�� �!��-:
 @���A<�)@G�) ��# <��G7 �-
�A<��+6� W$& <'$# ���)��* )��G�fh]�-G. 0(�-G�? ���

1�)��*�)��G�f�]�-G. 0(�-G�? ���)��G�f0Z]�-G. 0(�
#)�!�)���f3s]�-G. 0(� ���+G!�)��G�fsh]�-G. 0(

���? ��+
!�C	� @)<-$1��  �)�P .��7��A<#��* ��+
 ��.+2 �* 
/? >	� �* 7�2 �� �GA G!��GA<'$G# fG51�
 ��GO+6V
 �) <

�)!+�"& ��A!"�7��\
? � �A!]+Q-% g��1�) �A�-�).

����'$�%����
�O+6V
 �� <8$#�A<1�)��* ��-�? ����A<1�)��* ��GA�+5* <

�)!+�-��)� �+.� ".[2!!��!��i��A) �� �8$# "�) �GAXY/xFo

�-�? �����A<1�)��* ��G2 �d/xFo �G�)��* �� [1
 �GA G! �G#) �
)]�-.<�A s�v.(�) ]+
��!+�"Mg1.618 Fe0.382 SiO4)�* <

� �G�)��*Mg1.72 Fe0.28 SiO4�-G�? �� �1�)��G* ���QG#�:
 
�) � �#) �-%!+�"�A�*)�* H;%Y�7 J+� �)���@!�-�) .) �*�$*�"

7�2!�) �!+�"p �� �A!f�A<) f51�
 �'$G# ���  "�T��G\2 
%!6!����)-$_ ���)-� .��H;%�GA<����hZ+~G2 �� �G�@

%�)��&���7 �/�#+� H;% ��A<$
 rCG# G!@��� �� "GA? � R
�1#)�<�+p ���O ��G#��* ��+G
 �+5* ��-G�? �� �1�)��G* ��

��
 �-��+% .H;%7�B �A�? �) �1#)� �� �A �� �7 -$�<�+p �
��O ��%�B �) !+G1:
 �G* �+G5* @7�
 �* �<$
G!@�� ���@G�) R


 �1#�7 "A? �) /? �* �#�$1
��+%.)�[2 "!!�GU�$O �� �G���
�1#)� �� �-%<��O ��F�% �+5* �#) �2 .��H;%�A<hh�

h0 +~2 ���7 ��+~2 ��/�#+� ��A<$
 � "A? G!@��1G#)� �� R<
�+p��+5* �)!+���+6� "<1�)��* ��!)@�) �'��(� @�$
 >!@��G* R

%�B �) "A? >A�7 �#�$2!�#) �+5* @7�
 �* �.��H;G% �GA<
h3 �hs�!+~2 @�� ��%�)��& @�+~2 ��/�#+� ��1G#)� �� �A<
��O��� �+5* ���) �'!+�1�)��* ��+6� �� "�*+F �* ��� /��	2 
$:$
��A<$
 � "A? rC# !@�/�(� )� R
�A�$-.

����&��H��� �� 
&!8$# �* ��NO "�7���A<1�)��* ��-G�? �� ��� �GA G! � @G��-

��+% .�*)�*H;%hv&!��)��* �� "�7�� � J+� �) �A��G&+!�-

�-�? �����A<1�)��* �=�) }$. �) ��-�? �� � ���2�1��) �A!�
�#) .8$# ���A<��* <��i� !� ���&+!�) -v�/x�-G�? �� ��-
�GA<1�)��GG*��GG2 Xs/x�GG�)��* �� �GG#) /�GG#+� �� �GGA .)GG� �� "
��B!��i� �7 ��!2�1��) �!�A�+5* �� �<&+2�) !8$# "�7��-
�A<�-�? �1�ve/x��)-�)  !�<�G#) �-% .�G$Q
 �G*<��)-G�) -
 GGG!�<& 9GGG#+1
 ]+GGG
�� �GGGA!�GGG�)��* �� "�GGG7���GGGA 

Ca0.92Mg0.88Fe0.2Si2O6�-GGGGG�? �� ����GGGGGA<1�)��GGGGG* �
Mg0.88, Ca0.82, Fe0.3, Si2O6�-GG�?�� ���]+GG
�� �GGA 

Mg1.56Fe0.39Ca0.05Si2O6�#))]�-.�A<X�Y+e.(�-�)
+1:
<�57 !& ��1F�# �� R!) �2 �-% �O�* "�7�� G� 7�2 "G!�

��� �)�+6� ��-$*<&!"�7�� 57 �GA!2�1�G�)+$!G��i
 ���+G% 
� �_� � c��A<8$# #�$%�-& �56. �) � /? G�G%+
�F �-�

�)+
<B7��'1�*)� �) �)���7 "�&+2�) �* !"�G7�� �G#�A .��
H;%�A<hX�hY+~2 �� ��%�)��&@���7 �+~G2 ��/�G#+� �-
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��$�-*�O �P+|� ��+& ��)����i
�+&�5(!Q#? }�+A /)��) �#�$% ���7 � �#�$%�+5* �5V
 z�{

  �"�I
!'��!7�2 "G!G% �!6!K���) G!+��� "
�
�? ��)��*�-% >�.

 �"�J
!'��!7�2 "!% �!6!K���) !+��-�? �� "��
1�)��*��
�? ��+
 ��1��  �)�P >.

�A<+1:
 <$
 �"A? !@��57 � R!�A�+5* R<���&+!7�2 -G!�-
�A<1�)��* �7�B ���G7 �G_�  �G7 �G#) /? �) �)�)� <rCG# 
��*���)CaO �� �#) �) �)-	
 �;(G2 "!�) H	1�G
 �-G$A� H

[2 � )+1:!!�7) T)�!�A-<$
 � "A? !@��#) R.H;G% �7�GB 

%�B �) �7 �#) /? �)!+1:
 �* �+5* @7�
 �* �<$
!@����@G�) R

 �1#�7 "A? �)-	
 �) ���+% .H;%he�-$A� /�(� <�)�)�� �

'�+'_ �� -$7)�& ��A�+5* <=�) ���+6� �� �<�-�? �1�)��* ��
�#) .H;%�A<h��0Z) �* �1�*)� &+2�!"�7�� �GA<�+G.+
 

8$# ���A<�-�? �1�-$1�A .#��*�7�GB �b� ��+
 H;%��)
��7 �7 �#) /?�)�)� <)+1:
 <�57 �-�) !G%�B �) � ��+* R!�

)@�) �#�$2 �* �+5* @7�
 �*�$
 >G!@�
 �) RG!�1G#�7 "GA? /)@ 

��+% .

 �"�J ��K����  �"�G ��K���� 
SiO2 38/86 SiO2 38/95 
TiO2 0/02 TiO2 0/01 

Al2O3 0/03 Al2O3 0/02 

Cr2O3 0 Cr2O3 0

FeO 17/71 FeO 17/08 

MnO 0/35 MnO 0/31 

MgO 42/15 MgO 42/98 

CaO 0/15 CaO 0/18 

Na2O 0/01 Na2O 0/01 

K2O 0/02 K2O 0/01 

Total 99/3 Total 99/53 

(O) p.f.u. 4 (O) p.f.u. 4

Formula Formula 
Si 0/997 Si 0/994 

Ti 0/000 Ti 0

Al 0/001 Al 0/001 

Cr 0/000 Cr 0

Fe++ 0/380 Fe++ 0/364 

Mn 0/008 Mn 0/007 

Mg 1/612 Mg 1/635 

Ca 0/004 Ca 0/005 

Na 0/000 Na 0

K 0/001 K 0

Total 3/003 Total 3/006 
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-5.h����6% �3@!��& �h3�Z 8$#���7 ���!6!% �!7�2 �#��* � �#�$%8$# �!��
 <�A<�A. . .z��

(6�L��)��* "�+!�) <�A�+5* ���!6!% �!7�2 ���-G�? � �A-
�#��* ��+
 �1�)��* <�A.

(6�M+~2 �� ��%�)��& @��) �+5* !+��-�?�� "�1�)��* ��
iP+
 �7!���? ��	� �!�� �-% @<�#) �-% ��(
 /? .
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(6�<O/�#+� �A<)+1:
 <$
 � "A? !@��� R�1#)�<�+p ��) �+5* !+��-�? �� "�1�)��* ��.
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(6�)<+~2 �� ��%�)��& @��) �+5* !+�iP+
 �7 ��)��* �� "!���? ��	� �!�� �-% @<�#) �-% ��(
 /? .

(6�)./�#+��A<$
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iP+
 �7 ��)��* ��!���? ��	� �!�� �-% @<��(
 /? 

�#) �-%.

(6�)J/�#+�R�@!$
 � "A? <�A�+*�
�+5* �* �G�+6� "�+!�) 
H;% �1�)��*�3.
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-5.h����6% �3@!��& �h3�Z 8$#���7 ���!6!% �!7�2 �#��* � �#�$%8$# �!��
 <�A<�A. . .z��

Clinoenstatite Clinoferrosillite

Pigeonite

Augite

Diopside Hedenbergite 

En Fs

Wo

(6�)I7�B �)�+6� �& J+� �7 �#) /? �) !� ��)��* �� "�7����&+!�-�? �� �-�1�)��* ��=�) ��-�? �� � ��57 �!2�1��)+$!�#) �.

 �"�P"�G7��!& �K�!6!% �!7�2 "!'��!

��+6� ���-% >��
�? �1�)��* ���-�? <.

 �"�L"�7��!& �K�!6!% �!7�2 "!'��!
 
��)��* ���1�� �)�P >��
�? ��+
 .

 �"�M�� "�G7��!& �K�!6!G% �!7�2 "!'��!
 
��+6��-% >��
�? �1��-�? <.

 �"�P ��K����  �"�L ��K����  �"�M ��K����
SiO2 50/53 SiO2 49/68 SiO2 54/01 

TiO2 1/07 TiO2 0/96 TiO2 0/22 

Al2O3 2/09 Al2O3 4/22 Al2O3 1/68 

Cr2O3 0 Cr2O3 0 Cr2O3 0

FeO 8/85 FeO 5/86 FeO 12/76 

MnO 0/24 MnO 0/12 MnO 0/33 

MgO 15/38 MgO 15 MgO 28/38 

CaO 19/33 CaO 21/98 CaO 1/41 

Na2O 0/35 Na2O 0/34 Na2O 0/03 

K2O 0/01 K2O 0 K2O 0.01 

Total 97/84 Total 98/18 Total 98/83 

(O) p.f.u. 6 (O) p.f.u. 6 (O) p.f.u. 6

Formula Formula Formula 
Si 1/912 Si 1/858 Si 1/946 

Ti 0/03 Ti 0/027 Ti 0/006 

Al 0/093 Al 0/186 Al 0/072 

Fe+++ 0/049 Fe+++ 0/069 Fe+++ 0/027 

Fe++ 0/231 Fe++ 0/114 Fe++ 0/358 

Mn 0/008 Mn 0/004 Mn 0/01 

Mg 0/867 Mg 0/836 Mg 1/524 

Ca 0/784 Ca 0/881 Ca 0/055 

Na 0/026 Na 0/025 Na 0/002 

K 0 K 0 K 0

Total 4 Total 4 Total 4

Mg/(Mg/Fe2) 0/79 Mg/(Mg/Fe2) 0/88 Mg/(Mg/Fe2) 0/81 
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�A <�-�?�1����? ��	� H:
 �7 !�� �-%@<��)� /�(G� /? 

�#) �-%.

(6�AO/�#+��A<$
 � "A? !@��)�)�� rC# � R��G57 !R�GA�+5* ��<
2�1��)!�-�? ����A.

(6�)P+~2 �� ���)��& @<� �+5* ��&+!iP+
 �7 ��)��* �� �+.+
 -!���? ��	� �!�� �-% @<�#) �-% ��(
 /? .

(6�)L[2 H;%!!7�2 T)�!Q�� �+5* �� ��&+!��)��* -.(6� )M7)�& �+:� � ��)�)�� $�1�)��* ���-�? �� ��=�) <�A�+5* � -.
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-5.h����6% �3@!��& �h3�Z 8$#���7 ���!6!% �!7�2 �#��* � �#�$%8$# �!��
 <�A<�A. . .z��

 %3�Q�� ���� �� 
���-�? �;$�) �* �b� ��
+6O �	C$
 <�A ��+G* ���-�? "�7��!& 

�* �]+Q!\
? -P�� -�-% >���7) H!�� @G�� @!��G�? <)�* �#�$

 ���7 "�) �-$1�A �%�)��& 8$# �� ��$2 �A ��+G
 �1!G#)� <�A

 �1��  �)�P �#��* -G�) .8$G# "G�) �� H;G% M�G#) �G* �GA�h
-G$5Q��+A+�@!$
 J+� �) ]+Q!\
?�� ��+G* -G$5Q��+A �G!7�
�_ 
���G7 "G�) �� �!�+
�2 �!��i� �GAxs�/x�G��� ��& �G!��i� �

]��GGi
x�{/x�GG* �GG#��GG#) �-GG
? ."GG�) "!'��GG!
 ]+GG
�� 
���GGGGGGG7�GGGGGGGA �GGGGGGG
 )��GGGGGGG* /)+GGGGGGG2 T�+GGGGGGGU

Na0.56Fe3+
0.89Ca1.76Al1.98Mg3.79Si7O22(OH)2)]�-.�(

�GG��@� �GG7 �GG%+� /? �GG* �-GG% fGG��i2 ]+GG
�� "��GG2 
Si7 Al O22)(OH)2Ca2 Mg4Al Fe3+()]+GGG
�� 

-$5Q��+A+�@!$
(�#).
H;%�0�
 /�(� ��O <�1#)� �� �7 -A���+G5* �� "GA? 

/�#+� R�@!$
 -G��)� �(A�7 � �(�)@�) /��)� <�A .<)�)� ���G7
 ��1Q�� rC# � R�-# � R!#�1& "!��& <)+1:
 R!�G57 �) ����G* 

T)�!![2 t*�2 �A�+5* "�) �� R!�57 � R�-# ��)�)�� rC# � ��+*
 ��!� �+5* R�@!$
 � "A? <)+1:
 ��)H;%�3(.�) ���\1G#) �*

 ]+GQ!\
? �6!G% � �G��7+
�2 �)@G�) ,�� �� �GA�N7+�=N& � �GA
�!GG#)� � ]+GGQ!\
? ����GGi2 �+GG5Q2 <�GG
� ��GG#��* ��+GG
 <�GGA

 �-% �+5Q1
 /�
@6A �7 <�N7+�=N& W$& �2�\U "!* ��(� �� -�)
 <�
� � ��*+5!7�{� �G2 ��d �-G% �*�G���) �)�'!1��G# �G.�� 

�#) ]hZ) []�-.hZ.(
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(6�A<8$# �� �+.+
 ]+Q!\
? <�A�+5* ���!6!% �!7�2 �	C$
 �1!#)� <�A]�6% <-$.�!* D�%.

(6�A.�!#)� �� ]+Q!\
? �+5* �%�)��& @�� ��+~2 .
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��$�-*�O �P+|� ��+& ��)����i
�+&�5(!Q#? }�+A /)��) �#�$% ���7 � �#�$%�+5* �5V
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(6�A5/�#+���+6� ]+Q!\
?�+5* �� R�-# � R!�57 ��)�)�� rC# � R�@!$
 � "A? <�A)� <�!#)f���3s]�-. 0(��+~2 �00.

 �"�N�1!#)� ��+6� �� ]+Q!\
? ��1$
 �+5* �K�!6!% �!7�2 9#+1
 .
 �"�N Average 
SiO2 44/95 
TiO2 1/91 
Al2O3 10/09 
Cr2O3 0
FeO 11/52 
MnO 0/22 
MgO 14/59 
CaO 11/07 
Na2O 1/75 
K2O 0/32 
Total 96/43 

(O) p.f.u. 23 
Formula 

Si 6/503 
Ti 0/208 
Al 1/72 

Fe+++ 0/872 
Fe++ 0/522 
Mn 0/027 
Mg 3/147 
Ca 1/717 
Na 0/492 
K 0/06 

Total 15/268 
Mg/(Mg/Fe2) 0/858 

 �"�<O�
� <���i2 �\
? �+5Q2 !=N& � ]+Q��N7+<�-% �+5Q1
 /�
@6A �7 -�) .��)�1� �� �A!�
�? �V��� ><7�2 !G#)� ��1$
 �!1��G#� �G* 
�-
?-�) )( Holland & Blundy, 1994.

hv hZvZP (kbr) 
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-5.h����6% �3@!��& �h3�Z 8$#���7 ���!6!% �!7�2 �#��* � �#�$%8$# �!��
 <�A<�A. . .z�d

������%R: ������
�A�)�+6�<[2!!% T)�!6!���)�* <T��G\2 "1F�G# ��;%? � �GA
�A-���<[2!!7�2 T)�!% �!6!���
 �� �+.+
 !/�G��G# �<

8$G# �) L�F �GA 1� �G7!�GV<g�E G�(G�* �+G5Q2 ��� �G!@

?!�6 �
 "1���-& �G��-�GA<�� �+G�? � RjGA /+G_ �G'�

�1#+&)<�#�$
 �-$1�A �2��* �)@*) "
 ��6%�-��� .) �*�$*��* "
�)-i2 �) ���\1#)<) �) �#��* �* �A�)�+6� "�8$G# �GA<��+G
 

G#��*��GG1F)��& )G�R.�)�+G6� �*�GG$*AFM )H;GG%0s(
�GG62 �
8$#�A<#��* ��+
 �;A? ��5P!����)-Gi2 �G_ �G  -$1�GA 
��-:
<) �) �8$# "M�#) �* �AH;%0v;A? ��5P!���$S�
#�1& �)!�+6$* �O+6V
 �* � ��+* R���? �=+
 � �A���1�*)� �A-

-�) .�A�)�+6�<�� �+�(
 H;G% �GA<0X�G2 0�[2 �G7 G!!T)� 
SiO2�CaO �MgO�TiO2�� �* �Q�� )��)-. ��>HG2�2 

/+1��+2 �h)h�XZ](hh[
 /�(����
�62 -$A� 7�GB ��+G.� �) 
&��!'1#+�$%�� �*!��)��* �O+6V
 "�-�? � �A���A<1�)��G* �

� �GG*��jGGO) �GG'<)GG���(GG\(2? �GGO+6V
 "�-$1�GGA .�GG�+6� �)
�A�)�+6�<�7��A J+� )h�Z� ] (h0[�!�)�+6� @MgO �Q�G� 

# �*!5!})H;G% dZ(�G* �G� /)+G$O�-G. �)�) >G�,-GO "
&!'1#+��2 )� !�
 -�-$7 .)�G*<G#��* �*G!Q2 � �1( !G! ) "G�"

J+�+
 �
�? �>�A<)�&+2�@�]�# �V$G#�G
��(G'A)� -G�)+2
-%�*.

•����!5P �Q% ��)��* 
��!�+�� 
���!#)� 
■���? �=+
 
▼���+6$* 
♦�1�)��* ���-�) 
▲���-�) 

(6�.J�)�+6� AFM;∗Na2O +K2O-MgO-FeO (Irvine & Baragar , 1971) ]h3[.
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1 - Tuttle & Thornton (1960); DI = Qz +Or + Ab + Ne + Ks + Ls 
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 ��'��.�#) �-% ���\1#) ���!5P �Q% ��)��*.(

(6�.LT)�!![2 �)�+6� CaO �F�% �* �Q�����\2.

(6�.MT)�!![2 �)�+6� MgO �F�% �* �Q�����\2.
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 <�A<�A. . .z�n
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?�$=�	 
8$# �GA<��(G\(2? ��-G�? )� �G	C$
 �G#)� ��!� � ���+G!�
;(GG2!GG
 H�� �GG_� �-$A���+GG!�GG�)�)�� �) �GGA���-GG:
 <

#)� H*�	
 �� � -��)��+F�*!��-G�? � �GA��HG*�P a�1�G  �GA
�.+2�-��)� .p!8$# ,�� f�A<�E? G�G.��F "�)� �G	C$
 
�-�?���A<1�)��*��* �;(2 ��)��* ��-:
 T�+U!
 H�-G$A� .
�62�H=%+K!6!���
+6O ��6A <)�8$# "G;A? �A��5PG!���

��-GGi
 �GG_�  ��+GG*<7�2 �) GG!��GGA<��GG* � 9GG#)�-B <�GG* 
�O+6V
�A<5PG!����62 G��+6$* � �1G%)� HG��? �=+G
 � �G��
�)�'
��<�-% -�) .A�
 �G* �.+2 �* G! G$S ���G57 �) !
�G62 R�
8$#�A<G#��* ��+
 �G�)�)�� ���7+$� G�&+2�) ��!�"�G7��

 5U) �%�#�8$# �A<��(\(2? �]�6% �	C$
 * D�G%!-G$.�
;A?��5P!���A�
 ���* � ��+* !5P �!���]+G5i
 �G#) "G;6
 

O+��)�� �+��| -$��? -$��
 ���1#+& >)<-%�* .) ���8$# "�GA
�)!+��7 J+� �) �
+6O "���@!& ��!��)��* �� "�7�� � �A��&+!�-

�-�? �����A<1�)��* �=�) ��-�? �� � ����2�1�G�) �A!�G#) �.
�57 �+jB!2�1��) ��1F�# �� R!) �G2 -G% �O�* �G���G7 "���
��� �)�+6�-$*<&!"�7�� 57 �GA!2�1�G�)+$!�)�G'
�� �<��+G% 

� �_� � c��A<�+G� <&+2�) !�G#)�)� )� "�G7�� .�G57!�� R
\
? ��1F�#!]+Q � �GA G! �|) @) � ��+G* �)�G  G� ��G7 "�J+G� �) �GA

$
!@�7�
�_ �2 -$5Q��+A+!-�-$5Q��+A �.H;%�A<�-
? �#-* 
#��* �)�+1:
 <2�7 !�+���7 �/�G#+� �'��(G� �A �GA<G�)�)�� �

$
 � "A?!@��) �� RG!+�"&+2�) ��GA!"�G7�� \
? � �GA!]+GQ � �GA
�GG57!57 �� "GGA? � R!&+$!-$1�GGA "�GG7�� .GG#��*�@�=)��GG& 

$5Q��+A -–=N& ��
� �N7+<���i2 �+5Q2 �)��G�+6� �� �A��� "<
#)�!1�)���d �2 �{� �.�� <1��# !G* �)�'!�\GU �G2 W$G& "
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