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Abstract 
Misho mafic and ultramafic complex (pre-Permian) is located in 8km southwest of Marand, East-Azarbaidjan, NW Iran, and 
has intruded in Proterozoic pelletic rocks  of Kahar formation developing contact metamorphism. A reverse fault in the 
northern portion of the study area brought this complex in contact with a series of gypsiferrous marl and sandstone of Miocene 
age. Based on field, textural, and structural evidence, the mafic and ultramafic intrusives in Misho are divided into two distinct 
groups, (1) primary gabbros and (2) secondary gabbros (diabases). Primary gabbros crop out in the form of large, rugged, and 

id12453890 pdfMachine by Broadgun Software  - a great PDF writer!  - a great PDF creator! - http://www.pdfmachine.com  http://www.broadgun.com 



�šŚƯ�ƽŚƷ�ƾƳŚƧ�ƾſŹźŝ�ŚƷŶǀƀƧř�ƹ�ŚƷŶǀƠƫƺſ��ƦǀƟŚƯ�ƲƿŹŷō�žƨƬĜưƧ�Źŵ�ƦǀƟŚƯřźŤƫƹř��������
 

żǀƿŚě��íè���ƩŚſ��Żřƹŵ�ƵŹŚưƃ��ƮƷŵêè                                                         êì ��

 

massive bodies of rocks covering most  of the study area, whereas secondary gabbros appear as  small and irregular dikes and 
sill-like bodies intruding the primary gabbros.  
Based on silicate mineralogy, texture, and sulfide content, the primary gabbros are further divided into three sub-groups: (1) 
normal Primary gabbros, (2) sulfide-rich gabbroic patches, and (3) pyroxenite patches, and the secondary gabbros are divided 
into two subgroups: (1) diabases and (2) sulfide-rich micropyroxenite. 
Opaque mineral phases (sulfides and oxides) in these rocks  principally fill as rounded and bent aggregates the interstitial 
spaces among silicates and occasionally (in sulfide-rich patches) entirely engulf them. In normal primary gabbros, pyrrhotite 
and ilmenite are the most abundant sulfide and oxide minerals whose modal values are within the range of  0.5-3% and 0.5-
10% respectively. Analytical data shows that the values of Cu, Ni, and Cr in these rocks are <410ppm, <250ppm, and 
<170ppm respectively.  
In small Sulfide-rich gabbroic and pyroxenite patches, the modal values of the sulfide and oxide minerals lie within the range 
of 10-40% and 0.3-3% respectively. 
Secondary gabbros are mineralogically similar to the primary ones and their opaque phases are mainly ilmenite (3-8%) and 
pyrrhotite (0.2-2%). The concentration of Cu, Ni, and Cr in these rocks are ~55ppm, ~57ppm, and ~91ppm respectively. 
 Au and Pt values  in both Primary and Secondary gabbros are ~5ppb.  
 
Keywords: Sulfide-rich gabbroic patches, mafic-ultramafic complex, sulfide-oxide-silicate immiscibility, Gabbroic 
pegmatite, Misho, Iran. 
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ƶŝ������ŶƴºƃŚŝ�źŧŒƯ�ƱŚƯżưƷ�ŹƺƏ��������ºƿƺƳŚŧ�ƽŚºƷƹźŝŚĭ��Źŵ�ƾƿŚºưĭŚƯ�ŹƺºƬŞţ�ŶºƳƹŹ�ƹ�ƶ

���Ƶŵƺŝ�ƱŚƀƨƿ�ľŚŞƿźƤţ�ƶǀƫƹř�������������Źŵ�Ŷºƃ�ƵŹŚºƃř�żºǀƳ�źŤƄºǀě�ƶºƧ�ƶƳƺĭ�ƱŚưƷ�ƾƫƹ�Ţſř
ŻŚŝŚƿŵ���ƶƨƫ��ŚƷ�������ľŚºŞƿźƤţ�ƽŶǀƠƫƺºſ��ƽŚƸǀƳŚƧ�ƹ�ŵŹřŶƳ�ŵƺūƹ�ŶǀƠƫƺſ�Żř�ƾƴƛ�ƽŚƷ

ƶŝ���ƶƳřŵ�šŹƺƇ�����������Źƺƌºů�ŚƸţŚƨǀƬǀºſ�ƽŹƺºƬŝ�ƽŚºƷŻźƯ�Ʋǀºŝ��ƵŶƴƧřźě�ƹ�żƿŹ�ƽŚƷ
ƾƯ�ŶƴŝŚƿ����

�ƾƯ�ŜƫŚƐƯ�Ʋƿř�ƱŚƄƳ�ŶƳřƺţ�Ƙƣřƹ�Ʋƿř�ƵŶƴƷŵ����ƖƿŚºƯ�ŻŚºƟ���ƽŚºƸƧźƐƣ�ƶƧ�ŶƃŚŝ�Ţǀ
�ƶŝ�ƽŶǀƠƫƺſ�żǀƯŚưƷŚƳ��ƶºŝ�ŢƇźƟ��ŵŚưŬƳř�ŢƗźſ�ƹ�ŚưĭŚƯ�ƮƧ�ƮŬů�ƪǀƫŵ���ƮºƷ

���ƵŵźººƨƳ�řŶººǀě�řŹ�ŢººƃŚŞƳř�ƹ�ƲŤººſƺǀě�ŶººƳř�����ŌƶººƳƺưƳ�Źŵ�ŚººƸƴţM4���Ʀººƿřŵ
ƾŤǀƴƀƧƹźǀěƹźƨǀƯ����������������ƽŶǀƀºƧř�ƾƿŚºǀƳŚƧ�ŻŚºƟ�ƮºƷ�ƹ�ƽŶǀƠƫƺſ�ƾƿŚǀƳŚƧ�ŻŚƟ�ƮƷ

�ŶƴŤƀƷ�ŹŚƃźſ����ƩƹŶūç������ŚƷŶǀƀƧř�ŢŞƀƳ�ƹ�������ŵƹŶºů�ŚƷŶǀƠƫƺºſ�ƶºŝç��Ţºſř���
�ŢǀƴǀſźƷ�Źƺƌů��FeAl2O4����ƶŝ�Ʀƿřŵ�ƲƿřŹŵ���������ƶºūƺţ�ŜƫŚū��ŢǀƴưƬƿř�ƽŚū

Ţſř�����ŢǀƴưƬƿř�ŵƺŞƳ�ƶŝ����ƽŶǀƀƧř�ŻŚƟ�Ʀƿ�ƱřƺƴƗ����ŢºƬƗ�ƶŝ�ŶƿŚƃ�ƶƳƺưƳ�Ʋƿř�Źŵ
�������ŻǈƧƺƿĥǈě�ŹřŶƤƯ�Ʊŵƺŝ�ƲǀƿŚě�æå�ê�����ƲƀƧƹźǀěƺƴǀƬƧ�ŵƺŞƳ�ƹ����ŚƷ��Ţºƿĥƹř��

����ŚƸĮƴſ�Ʋƿř�Źŵ�ƩƹŶūæ�������Ŷºƃ�ŜŞºſ�ƶºƧ�ŶƃŚŝ�ƵAl�����ƽŚºƷŻŚƟ�źºǀĭŹŵ�ŚºưĭŚƯ
�ƽŶǀƀƧř�ŢǀƴǀſźƷ��ŵƺƃ� 

��������ƶƳƺưƳ�ƾųźŝ�Źŵ�ŢƿźǀěƺƨƬƧ�ƾưƧ�ľŚŤŞƀƳ�ŹřŶƤƯ�żŬŝ��ƪƧŹŵ������ƽŚƷŶǀƠƫƺºſ��ŚºƷ
����ƶºŝ�ŢƫŚŞƧ�ƹ�ƪƨǀƳ�����������������ŹřŵƺºưƳ�Źŵ�Śºƿ�ƹ�ęƺƨºſƹźƨǀƯ�źºƿŻ�Źŵ�Ţºǀţƹźǀě�ƵřźºưƷ

XRD�ƶƳƺưƳ���������������ƶºƳƺưƳ�ƾºųźŝ��ƶºƿżŬţ�ƾºƫƹ�ƵŶƄºƳ�ƵŶƿŵ�ƺƄǀƯ�ƾƿƹźŝŚĭ�ƽŚƷ���ŚºƷ
�ƩƹŶūç��źƇŚƴƗ�Źƺƌů��Ni�ƹ�CO�ƶŝ�řŹ�ƾƯ�ƱŚƄƳ�ƮƧ�ŹřŶƤƯ�ŶƴƷŵ� 

���������������ƽŚºƷƹźŝŚĭ�Źŵ�ŵƺºūƺƯ�ƽŚƷŶǀƠƫƺºſ�ƪºƧ�ŹřŶƤƯ�Ʋǀŝ�ŢŞŨƯ�ŶƳƹŹ�Ʀƿ�ŵƺūƹ
�����������źºƇŚƴƗ�źƿŵŚºƤƯ�Śºŝ�ƶºƿƺƳŚŧ�ƹ�ƶǀƫƹřCu���Ni���ƹ�CO���ƽŚƸƬƨºƃcé���dé���ƹ�eé��

�������ŢſŚƸƳō�Ʋǀŝ��ĬƴţŚĮƴţ�ƍŚŞţŹř�Ʀƿ�Żř�ƾƧŚů���������Ʋǀºŝ�ƾºƠƴƯ�ŶºƳƹŹ�Ʀƿ�ŵƺūƹ
��źƿŵŚƤƯMgO�����źƇŚƴƗ�źƿŵŚƤƯ�ƹ�Ni���ƹCO���Źŵ���ƶǀƫƹř�ƽŚƷƹźŝŚĭ���ƪƨƃfé��żǀƳ

���������ƾºƳřƹřźƟ�šřźºǀǀƜţ�ƶºƧ�Ţſř�ƶƬŘƀƯ�Ʋƿř�ŶƿŒƯ�ŵƺųNi�ƹ�CO�����Ǝºſƺţ�ľǈƯŚºƧ
��źºƇŚƴƗ�źŤƄǀŝ�ľǇŚưŤůř�ƹ�ƵŶƃ�ƩźŤƴƧ�ŚƷŶǀƠƫƺſ�ƩřŵƺƯ�ƾƳřƹřźƟNi �ƹ�CO�Źŵ�

ƾţŚƨǀƬǀſ�ƽŚƷŻŚƟ�Źŵ�Śţ�ŶƳŹřŵ�Źƺƌů�ƽŶǀƠƫƺſ�ƽŚƷŻŚƟ� 

 



�šŚƯ�ƽŚƷ�ƾƳŚƧ�ƾſŹźŝ�ŚƷŶǀƀƧř�ƹ�ŚƷŶǀƠƫƺſ��ƦǀƟŚƯ�ƲƿŹŷō�žƨƬĜưƧ�Źŵ�ƦǀƟŚƯřźŤƫƹř��������
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 ƶŬǀŤƳ�ƽźǀĭ 

����ƹ�ŢƟŚŝ�źƔƳŻř�řŹ�ƺƄǀƯ�ƾƿƹźŝŚĭ�žƨƬĜưƧƾƯ�ƪǀƨƄţ�ƱŚƯŻ����ƶºŝ�Ʊřƺºţ���ƶŤºſŵƹŵ
ƮǀƀƤţ�řżŬƯ���ŵźƧ�ƽŶƴŝ�æ�ƹ�ƶǀƫƹř�ƽŚƷƹźŝŚĭ�ç�ƶƿƺƳŚŧ�ƽŚƷƹźŝŚĭ� 

��ƶƳřŵ�ƶǀƫƹř�ƽŚƷƹźŝŚĭ����ƶƳřŵ�ƹ�ŢƃŹŵ����������ƾƫƺưƘƯ�ƶǀƫƹř�ƽŚƷƹźŝŚĭ�ƪƯŚƃ�ƹ�Ƶŵƺŝ�ƽř
����ƹźŝŚĭ�ƹ�ƾŤǀƴƀƧƹźǀě�ƽŚƷ�ƶƨƫ���������ƾŤǀţŚºưĮě�ƽŚºƷ�ƶºƨƫ�ƹ�ŶǀƠƫƺºſ�Żř�ƾºƴƛ�ƽŚƷ

ŶƴŤƀººƷ���ř�ŚƸĮƴººſ�ƶººƗƺưŬƯ�Ʋººƿř�ƽŚººưĭŚƯ�Żř�Ƃǀººŝ�ƽŚººƟŹĥ�Źŵ�ľǇŚººưŤůê�é�
��������šŹƺºƇ�ƾƳǇƺºƏ�ŹŚǀƀºŝ�ƾƳŚºƯŻ�Źŵ�Ʊō�ŹƺƬŞţ�ŶƳƹŹ�ƹ�ƵŶƃ�ƲƿżĮƿŚū�źŤƯƺƬǀƧ

�Ţſř�ƶŤƟźĭ������ƾƯ�ƾŤǀţŚưĮě�ƽŚƷ�ƶƨƫ�Źƺƌů���ƱŚƄƳ�ŶƳřƺţ������ŹřŶºƤƯ�Źƺƌů�ƵŶƴƷŵ
�����ƾƯ�ƶƧ�ŶƃŚŝ�ƩŚǀſ�ŻŚƟ�ƾưƧ���ƶŝ�ƶŤƀƳřƺţ�����ŶŝŚƿ�ƖưŬţ�ƾƬŰƯ�ŹƺƏ���ƶƨƫ�ŵƺūƹ���ƽŚƷ

������ǀƫŶŝ�Ţſř�ƲƨưƯ��ŶǀƠƫƺſ�Żř�ƾƴƛ�ƦģƺƧ��������ŢºƃŚŞƳř�ƹ�ƾƄºƨƷŻ��ƂƿřŶºū�ƪ
�����ƽŶǀƠƫƺſ�ƖƿŚƯ��ƽŚƸƧźƐƣ�ƶŝ����������ƲǀƿŚºě�ŵŚºưŬƳř�ƶƐƤƳ�Śŝ�żǀƯŚưƷŚƳ�ƖƿŚƯŻŚƟ�ƱřƺƴƗ��

ƶŝ��ƮŬů�Źŵ�ŐŤŞƀƳ� ŶƃŚŝ��ƪŰƯ�Ʀƿ�Źŵ�Ĭƴſ�Żř�ƾĭŹżŝ�����ƱŚºƯŻ�Źŵ�ƪºưƗ�Ʋƿř
���ƶŝ��ŵŚưŬƳř�ƹ�ŹƺƬŞţ�ŶƴƿřźƟ�ƵřźưƷ�ƶŝ�ƾƳǇƺƏ�ƲǀƿŚě�ƽŚƷŚƯŵ�Źŵ�ƵĦƿƹ��ŚưĭŚƯ�Źŵ�źţ

��Ţſř�ƶŤƟźĭ�šŹƺƇ����Źŵ�żºŬŝ������������ŹŚºƴƧ�Źŵ�ŚƷŶǀƠƫƺºſ�ƶºƧ�śŚºǀưƧ�ŵŹƺºƯ�Ŷºƴģ�
ƲƿżººǀƴƯƹźƟ��ƽŚƸƫŚǀººſ�ŵŹřƺººƯ�źŤƄººǀŝ�Źŵ��ŶººƳŹřŵ�Źƺƌººů�ƵŶººƃ�ƱŚººſźĭŵ�ƽŚººƷ

ƶƳŚƧ�������ƶŤƃřŶƳ�ƾƄƤƳ�ŚƷŶǀƠƫƺſ�ƾƴƿżĮƿŚū�Źŵ�Źřŵ��ŶƳř����ƮƸƯ�Ţǀţƹźǀě�����ƾƳŚºƧ�Ʋƿźţ
���ƮƸƯ�ŢǀƴưƬƿř�ƹ�ƽŶǀƠƫƺſ����������Ţºſ�ŚƸĮƴºſ�ƲºƿřŹŵ�ƽŶǀƀƧř�ƾƳŚƧ�Ʋƿźţ�����ŹřŶºƤƯ

����ƹř�ƽŚƷƹźŝŚĭ�źŤƄǀŝ�Źŵ�Ţǀţƹźǀě�����Żř�źŤưƧ�ƾƫƺưƘƯ�ƶǀƫç������Źŵ�ŚƸƴţ�ƹ�Ƶŵƺŝ�ŶƇŹŵ�
��ƶƳƺưƳAN6�ŵƹŶů�ƶŝ�èƾƯ��ŶƇŹŵ��ŶſŹ��ƶŤƟŚƿ��ƾƿŚǀưǀƃ�ƲǀƯŻ�ƽŚƷ���ƁƹŹ�ƶŝ

���ƾưţř�śŸū�ƾŬƴſ�ƞǀƏ�����ƾƫƺưƘƯ�ƽŚƷƹźŝŚĭ�ƶƳƺưƳ�����ƽŚºƷAN6���GG23��
GG21���ƩƹŶū��ç���ƾƯ�ƱŚººººººƄƳ������źºƇŚƴƗ�źºººººƿŵŚƤƯ�ƶºƧ�ŶººººƴƷŵCu�ƹ�Ni�

ƶŝ��Ŝǀţźţppm 410  �<��ƹ�ppm 250��<�ƲǀƿŚě��ƹ����ŚºƸƳō�ƽŵŚƈºŤƣř�Ŷů�Żř�źţ
�ŵƹŶůppm��10000Ţſř�(Mason and Moore, 1982)���
��ŹřŶƤƯCr���������Żř�źŤưƧ���ŚƸĮƴſ�Ʋƿř�Źŵ�żǀƳppm170��ƲǀƿŚºě��ƶƧ�Ƶŵƺŝ�����Ŷºů�Żř�źºţ

�Ʊō�ƽŵŚƈŤƣř���ŵƹŶºůèå���ŶºƇŹŵ (Mason and Moore, 1982) �Ţºſř��
�����Ƶŵƺŝ�ƲǀƿŚě�ƶǀƫƹř�ƽŚƷƹźŝŚĭ��Źŵ�żǀƳ�ŢǀƴưƬƿř�ŹřŶƤƯƶƳƺưƳ�źŤƄǀŝ�Źŵ�ƹ��Ŷů�Źŵ�ŚƷ

ç�ê�åƶººŝ�ƹ�Ƶŵƺººŝ�ŶººƇŹŵ���ƶººŝ�Ʊō�ŹřŶººƤƯ�šŹŶººƳæå�ŶººƇŹŵ��ƶººƳƺưƳGGx��
ƾƯ��ŶſŹ���Ʋƿř�Żř���ŹřŶƤƯ�ƹŹTi���ŹŚǀƀºŝ�ƵŵƹŶŰƯ�Źŵ�źŤƄǀŝ��ŚƸĮƴſ�Ʋƿř�Źŵ�ŵƺūƺƯ

�Śººţ�ƮººƧæ�ƾººƯ�źººǀǀƜţ�ŶººƇŹŵ��ƲǀƿŚººě�ƶººƧ�ŶººƴƧ���Ţººſř��ƽŵŚƈººŤƣř�Ŷººů�Żř�źººţ
��ƽŵŚƈººŤƣřŶůTi�Żř�źţǇŚººŝ�ƽŶǀƀººƧř��ƽŚººƸǀƳŚƧ��Źŵ�æêŹŵƾººƯ�ŶººƇ��ŶººƃŚŝ��

Evans, 1993��� 

�������ƹ�ŶǀƠƫƺººſ�Żř�ƾººƴƛ�ƦººģƺƧ�ƾƿƹźŝŚººĭ�ƽŚººƷ�ƶººƨƫ�Źŵ�Ţººǀţƹźǀě�ŹřŶººƤƯ
������Żř�ŶǀƠƫƺſ�Żř�ƾƴƛ�ƽŚƸŤǀƴƀƧƹźǀěæå�Śţ�éåƾƯ�źǀǀƜţ�ŶƇŹŵ�ŶƴƧ����ƾºưƧ�ŹřŶƤƯ

����ŵƹŶů�Żř�ŢƿźǀěƺƨƬƧê����ƶƳƺưƳGGx4���ŚţçŶƇŹŵ���ƶƳƺưƳAnx����Ţºǀţƹźǀě
��ƾƯ�ƾƷřźưƷ�řŹ��ŶƴƴƧ������ţŚŝ��ƾƿŚǀưǀƃ�ŌƶƿżŬţ�ŽŚſřźŝ�������ƾƿŚǀưǀºƃ�ƶºƿżŬţ�ƶºŝ�ƶºūƺ

ƶƳƺưƳ����ƽŚƷGGx4���ƹGG20a����ƩƹŶūç������ŵƺūƺƯ�žƯ�ŹřŶƤƯ���ŚƸĮƴſ�Ʋƿř�Źŵ
�Żř�źŤưƧppm�çîìå�æìæå� Ţſř���ƮƸƯ��ƽŚƸǀƳŚƧ�Żř�ƾƨƿ�ŶƴģźƷNi���ƾºƴƘƿ
ŢƿŶƴƬŤƴě�@�Fe,Ni)9S8�>ƶƳƺưƳ�Ʋƿř�Źŵ�Ţſř�ƵřźưƷ�Ţǀţƹźǀě�Śŝ�ľǇƺưƘƯ�ƶƧ��ŚƷ��

��
�����ƶƳƺưƳ��ƶƿżŬţ�ƾƫƹ��ƵŶƄƳ�ƵŶƿŵ����ƽŚƷGGx4���ƹGG20a�����ƩƹŶºūç����Źƺƌºů

��ƽŹřŶºƤƯNi ��řŹ��ƶºŝ���Ŝºǀţźţppm çéìå�ƹ�ppm�˻̌˻˹����ƶºƳƺưƳ�ƲºƿřŹŵ���ŚºƷ
��ƾºƯ�ƱŚƄºƳ��ŶºƷŵ���ƶºƨƫ�Ʋººƿř�Źŵ���ŹřŶººƤƯ�ŚºƷCr����Żř�źºŤưƧppm ææå�ŹřŶººƤƯ�ƹ�

����ƵŵƹŶŰƯ�Źŵ�ŢǀƴưƬƿřè�å���Śţ�èŢſř�źǀƜŤƯ�ŶƇŹŵ��ƶŝ����ƪºƨǀƳ�źƿŵŚƤƯ��ƾƬƧ�ŹƺƏ
������ƶƨƫ�Ʋƿř��Źŵ�ƭƹźƧ�ƹ�žƯ�����ƺºţŹƹř�ƽŚƸĮƴººººſ�ƶŝŚººƄƯ�Ƶ�ŚƷ���ƽŚƸŤǀƴºººººƀºƧƹźǀě

�ƽŷƺºƠƳ�ƶƗƺưŬƯ� Bjerkreim-Sokndal ��ĥƹźºƳ�Jensen, et al., 2003��
����������������Źřźºƣ�ƽŵŚƈºŤƣř�ƲǀƿŚºě�Ŷºů�Źŵ��ƾƠǀƧ�ƑŚŰƫ�Żř�ƮƷ�ƹ�ƾưƧ�źƔƳ�Żř�ƮƷ��Ţſř

ƾƯ�ŶƳźǀĭ��� 

����ƶºŝ�ľŚºſŚſř��ƶºƿƺƳŚŧ�ƽŚºƷƹźŝŚĭ���Ʀºƿřŵ�šŹƺºƇ��ƪǀºſ�ƹ�����ƹ�ƮƔƴƯŚºƳ�ƹ�ƦºģƺƧ�
ƾŝ���ƾƳǇƺƏ�ľŚŤŞƀƳ�ƾƳŚƯŻ�ƶƬƇŚƟ�ƦƿŚŝ�ƵŶƗŚƣ�ƿ��ƱŶºƃŶưŬƴƯ�ƹ�ŵźſ�Żř�žě�ƾƴƘ

�ƶǀƫƹř�ƽŚƷƹźŝŚĭ�����������������ƽŚºƷƹźŝŚĭ�īŹżºŝ�Ƶŵƺºţ�Źŵ�ƆŴƄºƯ�ƹ�Ŷƴţ�ľǈƯŚƧ�ŻźƯ�Śŝ
��ƵŵźƧ�ŷƺƠƳ��ƶǀƫƹř�ŶƳř��ƶƳřŵ�ľŚţŶưƗ�ŚƷƹźŝŚĭ�Ʋƿř���ƶºƳřŵ�ŢºƟŚŝ�Śŝ�żƿŹ����ƹ�ŶºƘŝ�ƮºƷ�ƽř

ƶŝ���������ƾƳŚƧ�źƔƳ�Żř�ƹ�Ƶŵƺŝ�Ƶźǀţ�ƽźŤƀƧŚų�ĬƳŹ�������ƽŚºƷƹźŝŚĭ�ƶŝŚƄƯ�ľǈƯŚƧ�ƾŤųŚƴƃ
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Plagϩ. ëå æå�ê êå ëå èå íê�íå êê ëê ëê�ëå ìí�ìé 
Olivine çå - çê�çå ê - - çå ê - ê 
Cpx ë - çå�æê æê - æê�æå æê æê çê�çå - 

Opx æ ìê�ëê ê æå èå�çì - ê ê ê æå 
Biotite - - ç��æ ê ç��æ æ ç��æ ç æ ç�å 
Ilmenite æå æ ç ê��é è�å æ ç ì í é 
Hercynite - - - - - - - - - è�å 
Opaques æè ê�çê é��ê�è ê�ê�ê éæ è è ê��í ç�í ç�í 
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Plag. ìå�ëê  æå�ê  ëê ê ëå ëå�êå  ìå ìå ëê�ëå  ëê�ëå  
Olivine ê - æå - æê - æå æå - - 

Cpx çå - æç íê�íå  æç èê�èå  æé æå çê�çå  èê�èå  
Opx - ëå�êê  è - - æå ç��æ  ê ~ê - 

Biotite æ ç - - - - ç��æ  - - - 

Ilmenite ë śŚǀưƧ í è��ç  1 - ê�å  ìê�å  í é��è  
Hercynite - çå - - - è��ç  - - - - 

Opaques ì æê�æå  î æè�æå  ê�æè  ê�å  ê�è  ë î��ê�í  ë��é  
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ǀŤƨţƺƧººƟ�ƦººŻŚ�ǀƀƧř�ƥřĦǀƯŚƳ�ƖƿŚƯ�ƽŚƷººţŚƨǀƬǀſ�ƹ�ƽŶººŞŤƯ�ƮƷ�Śŝ�ƾººŹƺƬ���

ƾƯ�ƳƺƃºŶ��ƶſ�ƮŤƀǀſ�ƧźƯ�ƾƿŚţº�ŚƸţŚƨǀƬǀſ�Żř�Ŝ ǀƀƧřººŶ�ſ�ƹ�ŚƷǀƠƫƺººŶ��Źŵ�ŚƷ��
ƹźŝŚĭ��ŚƷ����Żř�ŽŚŞŤƣřGulibert and Park, 1986�. 
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ƽŹŚĮƴŝŚŤƧ��
ũ��ŵřĦƳ�ŹŚŴŤƟř���źƣ�ƭ��ƾƃ�ƭ��ƺţźěźƸƯ���Ž��ƽŶƃŹř����ř��ƂŴŝ�ƵźƷŻ�ƹ���æèìå�� żƿźŞţ�ƾſŚƴƃ�ƲǀƯŻ�ƶƄƤƳ�ŢƃŶƬě�çêåååå�æ��Ʊřźƿř�ƾſŚƴƃ�ƲǀƯŻ�ƱŚƯŻŚſ����
�ƭ��ƽŶƸŤŬƯ��æèëî������Ƶŵƺţ�ƾƟřźĭƹźŤě�ƹ�ƾƨƿĥƺƫƹźŤě�ƾſŹźŝ�ŶƳźƯ�ƱŚŤſźƸƃ�śƺƴū�ŹŵƺƄǀƯ�ƽŚƸƷƺƧ�ƲƿŹŷō�ƽŚƷ���ƶƗƺưŬƯ��ƭƺƬƗ�ƾƿŚưƷŵźĭ�ƲǀưƸƳ�šǇŚƤƯ�ƶƇǈų
��ƲǀƯŻ �ƅ��ƱřźƸţ��Ʊřźƿř�ƾſŚƴƃ�ƲǀƯŻ�ƱŚƯŻŚſîé���
�ƭ��ƽŶƸŤŬƯ��ƕ��ƽźĭǈƧ���ř���ƕ��ƽźƯŚƗ�����ƭ��ƱŷŒƯ�����æèíç��ƾě�ƾƳŚƧ�šŚƘƫŚƐƯ�ƹ�ƾƿƺū�Ĭƴſ��ƾſŚƴƃ���ƽŚƸĮƴºſ�ƾưǀºƃ�ƺŗĥ�ƹ�ƾſŚƴƃ����ƢƏŚºƴƯ�ƽŷƺºƠƳ�ƲºƿŹŷō���ƢƯŚºƳř��

Ƶźƣ�ƹ�ŹŚŬƬĭ�ƵƺƧ�Źŵ�ƭƺƣ�ƹ�ǈƏ��ŢƫŚŞƧ��žƯ��ƪƨǀƳ��ƲƷō�šřżƬƟ�źŝ�ƵĦƿƹ�ƾƃźĮƳ�Śŝ�ƺƄǀƯ�ƽŚƷ�ƵźƤƳ����ŭźºƏ�ƁŹřżºĭ �����ƵŚĮƄºƳřŵ�ƾƄºƷƹĦě�ŹƺºƯř�ƵŹřŵř��ƾţŚºƤǀƤŰţ
żƿźŞţ��æîìƅ�����
ƭ��ƪŬŰƯ����ś��ƺƬǀƬƗ�ƾūŚůæèìè���ŶƳźƯ�ƾſŚƴƃ�ƲǀƯŻ�ƶƄƤƳ�æååååå�æ��Ʊřźƿř�ƾſŚƴƃ�ƲǀƯŻ�ƱŚƯŻŚſ����
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