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Abstract: Upper Eocene shoshonitic rocks have very good exposures in the 
Qaleh-Khargooshi area. These rocks have a wide range of SiO2 content 
(absarokite to toscanite) and belong to fifth phase of Eocene volcanism in 
this area. Clinopyroxene is present in all members of shoshonitic group as 
phenocryst, but they have altered in toscanites. The study of clinopyroxenes 
composition shows that this mineral has been crystallized before occurrence 
of contamination and magma mixing. These minerals are enriched in REE, 
specially in LREE, and show negative anomaly of Eu. Primary magma of 
these shoshonitic rocks was formed by low degree melting of an enriched 
upper mantle source, and experienced the contamination and magma mixing 
during ascending through the thick continental crust.
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Sample Rock SiO2 TiO2 Al2O3 FeO* MnO MgO CaO Na2O K2O P2O5 NiO Total
E Absarokite ]f/d^ ee/^ ~]/\ e~/e \[/^ e\/f[ \\/[f Y[/^ ^f/^ fX/^ ^^/^ d]/f^^
E eX/d^ X~/^ YY/\ YY/e [X/^ fX/f\ d[/[f dd/^ ^[/^ [Y/^ ^^/^ ^\/f^f
E a_/ X\/^ f~/] eX/e \^/^ e]/f[ Y\/[f dY/^ ^[/^ [^/^ qW/q X~/f^^
E ^^/df ~e/^ XX/\ dY/e [e/^ \~/f\ dd/[f d]/^ ^\/^ [[/^ ^f/^ []/f^f
F Yf/]e ^e/f X\/] XY/e \f/^ ]~/f[ ]d/[f d]/^ ^[/^ [f/^ ^^/^ \e/f^^
G Absarokite ]e/d^ e^/^ \Y/] ed/e \^/^ ~e/f[ \\/[f d]/^ ^f/^ [Y/^ ^f/^ e]/f^^
G ~f/d^ Xe/^ fX/] ]d/e [e/^ ^~/f\ Xe/[f dd/^ ^f/^ [~/^ ^f/^ \\/f^f
G ^[/d^ ed/^ Yf/] ]X/e [X/^ X]/f[ ^f/[[ ]Y/^ ^]/^ [^/^ ^f/^ e^/f^^
G ^d/d^ ^f/f ^[/] \^/e \^/^ eX/f[ ~~/[f ]\/^ ^f/^ [[/^ ^^/^ ^~/f^^
HH Shoshonite ^d/]e ^Y/f e^/d \]/e [X/^ ~^/f[ dX/[f dY/^ ^f/^ [Y/^ ^[/^ ~Y/f^^
HH [e/]e ^~/f Y~/d ]X/e [X/^ YY/f[ ]f/[f Yd/^ ^[/^ [Y/^ ^f/^ Xf/f^^
I Shoshonite ][/df ~^/^ ^^/\ ]^/e \\/^ fX/f\ [d/[f d]/^ ^[ [d/^ ^^/^ ^e/f^^
I Ye/d^ YY/^ f[/\ ]]/e ]^/^ []/f\ e[/[f dX/^ ^\/^ [X/^ ^^/^ \d/f^^
J Banakite eX/df ]d/^ ff/[ eX/X ]e/^ ]^/f\ [d/[[ d[/^ ^f/^ [^/^ ^^/^ \e/f^^
J ][/df d[/^ ^X/\ ^Y/X ]f/^ Xf/f\ dd/[[ ]~/^ ^f/^ []/^ ^^/^ d~/f^^
J ][/df Y^/^ ^e/\ ^e/X \e/^ Y~/f\ \[/[[ d[/^ ^[/^ [^/^ ^^/^ \[/f^^
J Xe/df \X/^ ~~/f ~Y/f^ ~^/^ ]X/f[ f]/[[ d[/^ ^\/^ [d/^ ^^/^ e[/f^^
J ]\/df dY/^ f[/\ ^Y/X \X/^ Y~/f\ X^/[[ ]X/^ ^[/^ \^/^ ^^/^ X]/f^^

Structural formula base on the 6 Oxygen

Sample Rock Si Ti Al Fe2+ Fe3+ Mn Mg Ca Na K P Ni Total
X Absarokite XX/f ^\/^ fY/^ []/^ ^~/^ ^f/^ ~[/^ Xd/^ ^d/^ ^^/^ 01/0 00/0 00/4
X Xe/f ^[/^ fY/^ []/^ ^Y/^ ^f/^ ~\/^ Xd/^ ^]/^ ^^/^ 01/0 00/0 00/4
X XY/f ^[/^ fX/^ [[/^ ^e/^ ^f/^ ~[/^ XY/^ ^]/^ ^^/^ 01/0 00/0 00/4
X XX/f ^[/^ f~/^ [\/^ ^~/^ ^f/^ ~]/^ Xd/^ ^]/^ ^^/^ 01/0 00/0 00/4
X Xd/f ^\/^ [f/^ []/^ ^~/^ ^f/^ Ye/^ XY/^ ^]/^ ^^/^ 01/0 00/0 00/4
e Absarokite X~/f ^\/^ fe/^ [Y/^ ^d/^ ^f/^ ~f/^ Xd/^ ^]/^ ^^/^ 01/0 00/0 00/4
e X~/f ^\/^ fX/^ [[/^ ^~/^ ^f/^ ~[/^ X~/^ ^]/^ ^^/^ 01/0 00/0 00/4
e Xd/f ^\/^ [^/^ [[/^ ^X/^ ^f/^ ~f/^ X~/^ ^\/^ ^^/^ 01/0 00/0 00/4
e X~/f ^\/^ fX/^ [\/^ ^Y/^ ^f/^ ~[/^ X~/^ ^\/^ ^^/^ 01/0 00/0 00/4
ff Shoshonite X[/f ^\/^ [Y/^ [^/^ ^e/^ ^f/^ ~^/^ XY/^ ^]/^ ^^/^ 01/0 00/0 00/4
ff X\/f ^\/^ [d/^ [^/^ ^e/^ ^f/^ ~^/^ Xd/^ ^d/^ ^^/^ 01/0 00/0 00/4
~ Shoshonite e[/f ^[/^ f\/^ [~/^ ^\/^ ^f/^ ~\/^ Xd/^ ^]/^ ^^/^ 01/0 00/0 00/4
~ Xe/f ^[/^ f]/^ [^/^ f^/^ ^f/^ ~]/^ X~/^ ^]/^ ^^/^ 01/0 00/0 00/4
\ Banakite e\/f ^f/^ ^e/^ [\/^ ^d/^ ^[/^ ~]/^ Xe/^ ^]/^ ^^/^ 01/0 00/0 00/4
\ e^/f ^f/^ f\/^ fX/^ ^~/^ ^f/^ ~Y/^ Xe/^ ^\/^ ^^/^ 01/0 00/0 00/4
\ ef/f ^[/^ f\/^ fe/^ ^Y/^ ^f/^ ~Y/^ Xe/^ ^]/^ ^^/^ 01/0 00/0 00/4
\ e]/f ^f/^ ^X/^ [~/^ ^~/^ ^[/^ ~^/^ Xe/^ ^]/^ ^^/^ 01/0 00/0 00/4
\ e^/f ^[/^ f]/^ fX/^ ^~/^ ^f/^ ~d/^ e^/^ ^]/^ ^^/^ 01/0 00/0 00/4
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  :�0�8 � � + "��; �� � D����
+  �: ����� �  P�(ppm) �: �$����#:����'   &�� .� ��C��  �3�'  �3� '
������ 
,-�� /20�1����4 
 �� �� M+�D.

Sample Rock Li B Sc V Cr Co Ni Rb Sr Y Zr Nb Ba Hf Ta Pb Th U

X Absarokite Xe/[] ~[/[^ Xe/f[Y fd/\e^ XY/\\ ee/]\ ed/[~ ^^/^ X\/YY ~\/]d fX/f[[ \\/^ \[/^ eY/] ^d/^ ~f/^ d]/^ f\/^
X cc/au ~Y/fY ef/f[[ ]Y/\Xf \\/fe df/]\ ~]/[e ^^/^ ~]/XX ]\/]] \]/f[] \X/^ ~f/[[ X~/] ^Y/^ Xd/^ Y~/^ fY/^
X \]/[[ d[/fY \d/ffd ]\/\YY Xd/\d Y[/]\ ]e/[e ^^/^ [X/Ye [Y/]\ ~X/ff[ \[/^ \f/^ d\/] ^d/^ Ye/^ d\/^ f\/^
X fY/[d ]Y/\d YX/f[^ Y~/\X] d]/ff e~/]\ []/[d ]^/d ef/ed Y[/]Y Y^/f\X ]X/^ eY/[\ X^/d ^X/^ \f/f e^/d ][/f
c \^/[[ [^/\^ f~/ff\ ~X/\\[ Xd/ff []/]\ f]/[] ^^/^ []/~^ X^/\~ ]]/f^[ \[/^ ~~/Y fY/] ^]/^ Y[/^ dX/^ fY/^
e Absarokite ]\/\ e^/e d\/e] e~/]^\ d\/\\ ~\/]~ e~/\[ ^^/^ X]/~f ][/][ ][/ff] \[/^ \[/^ ~Y/] ^d/^ X\/^ dd/^ f[/^
e fd/\ d^/X YX/fff d\/]\Y Ye/[d [d/]X dY/\d ^^/^ de/X^ \Y/\e X~/ffe \[/^ \Y/^ ^\/d ^Y/^ ~\/^ d[/^ f[/^
e X~/[ Xe/Y [[/f[^ YY/]f~ ~^/[d Yf/]] \d/\] ^^/^ \~/X[ Y~/][ Xe/f\Y \\/^ \]/^ e~/d ^Y/^ ~[/^ Yf/^ ff/^
e Yd/[ ^[/X Ye/f\^ ^^/]\f fY/e dd/]d [f/[~ ^^/^ f]/~d Y[/]d ^[/f\e \Y/^ \X/^ ^e/Y ^~/^ ~^/^ Y]/^ f[/^
ff Shoshonite ~~/[X ^]/e ^X/Xf ee/]\] e^/d~ []/]] []/\e ^^/^ ~\/f\Y ^[/\d \~/ff] \Y/^ ]\/^ Yf/] ^Y/^ Xf/^ YX/^ fd/^
ff d\/[e ]]/e ed/e[ d]/]Xe ~f/\e \e/]] f]/\Y ^^/^ ^Y/f[e \e/\~ dX/f[X ]^/^ ]e/^ ]~/d ^~/^ Xe/^ ~~/^ f~/^
~ Shoshonite d^/[[ ][/X ]X/e^ XX/[e[ ^^/^ Xd/]] Xe/[f ^^/^ Y^/f^d f]/\X [~/f]f \e/^ \]/^ ]Y/d ^~/^ Y]/^ de/^ f[/^
~ ^X/[[ [Y/X [^/e[ �p/a�_ [^/Y [Y/]] Yf/[f ^^/^ \d/f^~ d~/\X X[/f]\ ]^/^ \f/^ d]/d ^~/^ Ye/^ Y[/^ f]/^
\ Banakite ~]/\d \Y/Y ~Y/XY d\/f[~ ^^/^ ^]/[X ~f/^ ^^/^ \~/Y\ []/d~ df/f]Y \d/^ [~/^ f[/Y ^Y/^ Y~/^ \e/^ ^e/^
\ d]/\f ]e/Y f]/X^ ~~/fY[ ^^/^ [X/[X Xf/^ ^^/^ fX/XX XY/d[ ^Y/f\\ \d/^ [~/^ ~Y/d ^Y/^ Y[/^ \e/^ f^/^
\ XY/\Y ]\/Y []/~X ~f/fY\ ^^/^ ~~/[e f]/f ^^/^ Ye/f^\ ^e/d^ ~\/f[\ \[/^ [X/^ ^X/d ^Y/^ Y^/^ ]^/^ ^e/^
\ e]/df Yf/~ Yd/ed \Y/XY ^^/^ Y\/[~ ~Y/^ ^^/^ ]\/f[ XY/Yd ~^/feX ]\/^ \Y/^ [f/X ^~/^ X~/^ \~/^ f^/^
\ Xe/\\ YX/d d\/~X ]X/fd^ ^^/^ eY/[~ \~/f ^^/^ df/e] Ye/]~ ^^/ff] \[/^ [Y/^ Y]/] ^d/^ Yd/^ \]/^ ^X/^

  :�0�9 � � + "��; �� � D����
+   :�4 .��� ����� 
(ppm) �: �$��� �#3:�� �3�'     &�3� .� ��3C��  �3�'
��'����� � 
,-�� /20�1����4 
 �� �� M+�D.

Sample Rock La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
X Absarokite ]\/f[ ]Y/]d Y~/~ f[/]^ ^X/ff ^e/[ YY/f^ Y[/f Y^/e X^/f ~Y/] Y\/^ \X/] Y]/^
X X\/f[ ed/]d ~d/~ [\/]^ f~/ff f~/[ ]~/f^ dY/f \]/e ~Y/f de/] YY/^ \]/] Y^/^
X ed/ff f]/]\ \Y/~ [\/\X dd/f^ ee/f ^~/f^ ]~/f \^/e YX/f ]e/] Y[/^ fX/] de/^
X ^X/Y[ ef/f\f ~Y/f] ]f/Y^ fY/f\ [e/[ ]~/ff Ye/f ed/e X~/f ~d/] YX/^ ]\/] Y\/^
c X]/f^ ^~/\e d]/Y de/\\ ~^/e XY/f f]/e \[/f e\/~ ]~/f e\/\ dd/^ YX/\ df/^
e Absarokite Y\/ff X[/]] Y[/~ ^^/]^ [\/ff [d/[ e\/f^ ]X/f ]e/e Y~/f ]]/] Y^/^ ^~/] d]/^
e ]]/ff ~d/][ \e/~ X\/\X X[/f^ [[/[ eY/e \e/f Y]/X df/f ee/\ dY/^ ~e/\ df/^
e fd/f[ Y[/]] ~Y/~ [f/]f d\/ff \]/[ ^f/ff Y]/f \^/e Yd/f \f/] de/^ ef/\ dY/^
e f~/f[ Y~/]] Xf/~ d~/][ ^f/f[ ]^/[ ]X/ff ~[/f X[/e ~~/f Ye/] Y]/^ ^~/] de/^
ff Shoshonite ~d/f[ d~/]X f~/X eY/]^ []/ff \d/[ ~]/e \\/f ~^/~ ]f/f d]/\ ]X/^ e\/[ \e/^
ff X]/f\ \]/d[ ~d/X ~Y/]] Xe/ff dd/[ \f/f^ ]\/f [d/X ]]/f ~f/\ ]e/^ [f/\ ]]/^
~ Shoshonite f\/Y] \X/d^ \\/X YY/]f f\/ff \[/[ ~]/e ]^/f [\/X df/f eY/\ d\/^ Yd/\ d[/^
~ e^/f\ X^/d^ fd/X ]X/]f \e/ff \]/[ ~\/e \e/f \]/X d^/f XX/\ d]/^ df/\ d^/^
\ Banakite ^~/f~ Yd/Y] XX/f^ ][/dd \]/fd Xe/[ ~^/f\ ^\/[ fd/f[ [[/[ ^~/Y X]/^ ~^/d X[/^
\ ^f/fY ]^/Y[ \Y/f^ dY/df ^\/f] ff/\ ^[/f\ e[/f \\/ff ^e/[ ]~/d ~X/^ ^^/d ~f/^
\ ~]/f] fe/dX ~]/e ][/]X ][/f\ ^d/\ fY/f[ X^/f Y]/f^ eX/f [f/d ~^/^ ~d/] Y~/^
\ ]^/[[ \\/XX [X/f] \f/YX Xe/f~ ]e/f X\/fd \\/[ e~/f\ dY/[ ^Y/~ ^Y/f ]d/~ f[/f
\ ]f/f] [d/d~ dd/e df/]~ ed/f[ f^/\ XY/ff Ye/f [X/f^ X\/f ~f/] ~^/^ d\/] Y~/^
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OFB= Ocean floor basalts
VAB= Volcanic arc basalts
WPT= Within plate Tholeiitic basalts
WPA= Within plate alkali basalts

  51�R.�����F1-F2 '��) !�< � Z� L�i��' 
 4�� ���� 
���C '��       �� ���� 3�� r�3���) 8� O� 
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F1 = - ( qWa/q  x SiO2) - ( qcqp/q  x TiO2) + ( qqao/q  x Al2O3) - ( qqWa/q  x FeO*) -

( qqao/q  x MnO) + ( qqcp/q  x MgO) - ( qWac/q  x CaO) - ( quW�/q x Na2O ) 

F2 = - ( quo�/q  x SiO2) - ( qcWc/q  x TiO2) - ( qaWa/q  x Al2O3) - ( qquW/q  x FeO*) -

( Wub_/q  x MnO) - ( qqa�/q  x MgO) + ( qqc_/q  x CaO) + ( qWo/q  x Na2O) 
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