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Abstract
The western Avaj intrusive bodies, composed mainly of gabbroic rocks, have intruded into low grade regional metamorphic
rocks of Razan Subzone and formed small and elongated plutons. The gabbroic rocks in the marginal part of intrusions
deformed during emplacement and show mylonitic texture. The foliation in the marginal mylonitic gabbro is parallel to the
foliation of host metamorphic rocks with NW-SE direction. A narrow low grade metamorphic aureole was formed around
these intrusions. Petrologic relationships and the origin of the different intrusive outcrops are demonstrated by petrography
and geochemical studies. Geochemical signatures on spider diagram indicate that the role of fractional crystallization on the
magma evolution was more important than the contamination or partial melting. Trace element pattern on the spider diagrams
suggests an extensional regime for tectonic setting of the gabbroic rocks. Seemingly, these rocks were possibly generated by
partial melting of an enriched lithospheric mantle source (EM) in depth of about 50 to 60 kilometers.
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���������������������żºƿŹ�ƶºƳřŵ�ƽŚºƷŹƺƬŝ�ƆƣŚºƳ�Śºƿ�ƹ�ƪºƯŚĩ�Ʊŵźºĩ�ƶºƏŚůř�Śºŝ�Ʋƀĩƹźǀě�ŢƃŹŵ
���������ƵŶºƃ�ĨǀŤǀƟř�śŚſ�ƹ�ĨǀŤǀƟř�ŢƟŚŝ�ŵŚŬƿř�ŦƗŚŝ�Żǈĩƺƿĥǈě��ŶºƳř���źƿƺƈºţë���

��ƴƀĩƹźǀě�ƹ�ŚƷŻǈĩƺƿĥǈěƶƳƺưƳ�Ʋƿř�Źŵ�ŚƸ�ŚƷ��ƽŶů�Śţ�ŚƷƹźŝŚĭ�ƶǀŞƃ���ƱŚºſźĭŵ�
ƵŶƃ��������ƄŴŝ�ƵŶƴƷŵ�ƪǀƨƄţ�ƾƗźƟ�ƽŚƸǀƳŚƧ�źĮƿŵ�ƹ�ŶƳř��źſ�ŵŚưŬƳř�ƽŚƸƖƿ���ƶŝŚƄƯ�

Ţſř�ŚƷƹźŝŚĭ�Śŝ���
��
è��è��ŚƷƹǈĪƳō��

ƾŤƳŚſ�Ŷƴģ�ƽŚƷƹǈĪƳō�ŚƷƹźŝŚĭ�Źŵ�ŵƺūƺƯ�ƵŶƴĩřźě�ƹ�ƽźŤƯ��ƶƳřŵ�ľŚţŶưƗ��żƿŹ�
Ƶŵƺţ�ƝřźƏř� Ɩƿźſ� ŵŚưŬƳř� ƶǀƃŚů�žƴū� Żř� ƹ�ƾƯ�ƾƿƹźŝŚĭ�ƽŚƷ�ŶƴƃŚŝ� �Ʋƿř�

�ŚƸĮƴſŻř�ƪĪƄŤƯ�żƿŹ�ƶƳřŵ�ŹŚǀƀŝ�ƶƴǀƯŻ�ƽřŹřŵŢǀƫƹźĪǀƯ���ƹ�Żǈĩƺƿĥǈě�ƽŚƷ
� ŹŚǀƀŝ� ƽŚƸǀƳŚĩŶƴŤƀƷ� ƲƀƧƹźǀě� żƿŹ� ƶƳřŵ� �� ŹŵżƿŹ� ƶƳřŵ� ƶƴǀƯŻ���ƽŚƷŹƺƬŝ�

�ƹ�ŢƃŹŵ�ŢŴƿŹŵƺų�ŶƳŹřŵ�Źƺƌů�Żǈĩƺƿĥǈě��źƿƺƈţì����
źŤƄǀŝ�ŢƟŚŝ�ƷƹǈĪƳō�ƄŴŝ� Źŵ� ƶĤƳŚƴģ� ƹ�Ţſř�ƽźǀƟŹƺě� �Ś�źĩŷ�ƲǀƄǀě�ƽŚƸ

Ŷƿŵźĭ�Ʋƿř��ŚƸĮƴſ�ŵ�ŜǀĩźţƹŶƳŹřŵ�ƾŤƿźƫ���Ʋƿřō�Żř�ƾţŚƘƐƣ�Ɩƣřƹ�Źŵ�ŚƷƹǈĪƳ
ƷƹźŝŚĭ�Ɩƿźſ�ŵŚưŬƳř�ƶǀƃŚůƶƔƠŰƯ�ƵŹřƺƿŵ�Żř�ƶĩ�ŶƴŤƀƷ�Ś�ƽř�ƾƿŚưĭŚƯ�Źŵ�Ʊō�

Ƶŵźĩ� ƍƺƤſ�ŶƳř� �ŚƷƹǈĪƳō� ƾƳƹźǀŝ� ƵŹřƺƿŵ� ƵŶƃ� ŵźĭ�Ţſřř� ƶĩ��źƯř� Ʋƿ
ƿř�ƶǀƃŚů�ƱŶƃ�ƮƌƷ�Żř�ŢƿŚĪůŵŹřŵ�ŚưĭŚƯ�Źŵ�ƍƺƤſ�ƭŚĮƴƷ�Źŵ�šŚƘƐƣ�Ʋ����

��
è��é��ŚƸŤǀƳƺƬǀƯ��

�ƂŴŝ�ƽŚƷƹźŝŚĭƽŹƹŚųĭźĭŵ�ƪưŰţ�źŧř�Źŵ�Ƶŵƺţ��Żř�ƾƃŚƳ�ƾĪǀƯŚƴƿŵ�ƾƳƺ
ƳƹŻ� ŵźĪƬưƗŚƸƵŶƃ�ƾƬĪƃźĭŵ�ƪưŰŤƯ�ƾƃźŝ�ƽ��ƱŚƄƳ�ƾŤǀƳƺƬǀƯ�ŢƟŚŝ� ƹ� ŶƳř

ƾƯ�ŶƴƷŵ��ƶƳƺưƳ�Źŵ�ƾŤǀƳƺƬǀƯ�ƽŚƷƹźŝŚĭ�ū�ƾŤſŵ��ŶƳŹřŵ�ƆŴƄƯ�ƾĮŤƟŚƿ�ŢƸ
ƾĭŹřƺĭźŝ� ƹƹ� Ʈĩ� ŚƸƳō��ǀƳƺĭźĭŵ�ƾĭŹřƺĭźŝ� Śŝ�ƽŻřƺƯ�Ƃǀŝ�ƝřźƏř�ƽŚƸ

Ţſř� �ƾĪǀƯŚƴƿŵ�ƾƳƺĭźĭŵ�ƪưŰţ�ƩŚŞƳŵ� ƶŝ� ŚƷƹźŝŚĭ�ĪƿźŝŚƟ��ƕƺƳ�ƽŚƸS-C�
Ƶŵźĩ� řŶǀě�ŶƳř�� ƾƫƹ�ƾƳŚĩ� źǀǀƜţ�� ƾƸūƺţ� ƪŝŚƣ� ƾſŚƴƃƾưƳ� ƱŚƄƳ�ŶƴƷŵ� ��Źŵ

Ŷƃ�ƪĪƃ� źĭŵ�ƽŚƷƹźŝŚĭƵ�� ƶŝ�ŤƟŚŝ� ƕřƺƳř� �ƾƬĪƃźĭŵ�šŶƃ� Żř�ŢǀƘŞţ�ƽŚƸ

Archive of SID

www.SID.irwww.SID.irwww.SID.ir

www.sid.ir
www.sid.ir


ƲǀƯŻ�ƎǀŰƯ�ƹ�ƾưǀƃƺŗĥ���ũƹō�źŤųŚŝ�ƽŚƷƹźŝŚĭ�ƾŤųŚſ������

��

��ŹŚƸŝÕÒ���ƩŚſ �ƮƷŵżƳŚě��ƵŹŚưƃ���ÒÖ�ÎÓÒ��

� ƾŤǀƳƺƬǀƯ� ƹ� ƾŤǀƳƺƬǀƯƺţƹźě(Passhier, 1996)ŤſǈĩƹźǀƟŹƺě� ƽřŹřŵ��ƽŚƸ
�Ţſř�ƶŤƟŚƿ�ƶƘſƺţ�Żǈĩƺƿĥǈě��źƿƹŚƈţí�ƹ�î����

Ưźĭ�ƽŚƸƫŚǀſ�Ƃųźģ�ŢƬƗ�ƶŝ�ŚƸŤǀƳƺƬǀƯ�ƶƴǀƯŻ�ŹŵƾŝŚ�ƶĤĭŹ���žƴū�Żř�ƾƿŚƷ
ƿŵ� ƲƷō� ŶǀƀĩřƾƯ� ƵŶ�� ƶĩ� ŵƺƃƵŵźĪƳ� ƖƐƣ� řŹ� ƾĭŹřƺĭźŝ�ƬŘƀƯ� Ʋƿř� ƹ� ŶƳř�ƶ

ƾƯ�źĮƳŚƄƳ� ŶƳřƺţƾĭŹřƺĭźŝ� ŵřŶŤƯř� Źŵ� ƽŚƸƫŚǀſ� ŷƺƠƳ�ŝŚĭ�� ŚƷƹź�ŶƃŚŝ� ��ƭŶƗ
ŬƿřººƵŹŚŝƹŵ� ŹƺƬŞţ� ŵŚƾƯ� ƱŚƄƳ� Żǈĩƺƿĥǈě� ƽŚƷŹƺƬŝ� ƝřźƏř� Źŵ���ƶƧ� ŶƷŵ
Ưŵººƃźĭŵ� ƽŚººƾƬĪŤưƧ� �ººŻř� ź�éêå� Śţ�êêåŵ�ſ� ƶūŹººƾŤƳŚ�ŝ� ŵřźĭººº�Ƶŵƺ
ſřºŢ��Fitz Gerald & Stunitz, 1993��Ʋƿř� źŝ� Śƴŝ���ŶƷřƺƃ�ŽŚſř� źŝ�

ƾƯ� ƵŶƃ� źĩŷ��Źŵ� ƾŤǀƳƺƬǀƯ� ƽŚƷƹźŝŚĭ� ƾƬĪƃźĭŵ� ƶĩ� ŢƟźĭ� ƶŬǀŤƳ� Ʊřƺţ
�Ǝƿřźƃƪƨƃ��źƿŸě�ƶŤƟźĭ�šŹƺƇ��Ţſř���

��
é�ƲǀƯŻ�ƎǀŰƯ�ƹ�ƾưǀƃƺŗĥ�ƾƿƹźŝŚĭ�ƽŚƸĮƴſ�ƾŤųŚſ��

ř ŹŵżŬţ ŪƿŚŤƳ ƶŝ ŵŚƴŤſř Śŝ ƂŴŝ Ʋƿƾŗżū ƹ ƾƬƇř źƇŚƴƗ ƶƿŹŵ ŵƺūƺƯæé
Įƴſ� ƹ� ŚƷƹźŝŚĭ� Żř� ƶƳƺưƳƁƹŹ� ƶŝ� ƶĩ�ƾƳŚƄƠƄţō�ƽŚƸICP�ƵŚĮƄƿŚƯŻō�Źŵ�

�ƾưǀƃƺŗĥAls-chemexƵŚĮƄƿŚƯŻō�ƹ� řŵŚƳŚĩ�XRFŚſ�ƲǀƯŻ�ƱŚƯŻ��ƾſŚƴƃ
� ŹƺººƄĩƵŶƃ� ƶƿżŬţ�ƳřººŶ��ƩƹŶū�æ��ſŹźŝ� ƶŝ�ºº�ƾƿŚǀưǀƃƺŗĥ� ƽŚƸǀĭĦƿƹ�ƾ

ĮƴſƯ�ƶƤƐƴƯ�ƲƿŹŷō�ƽŚƸƾ�ƮƿŻřŵźě��Ťŝř�ŹŵƵŵŹ�ŹƺƔƴƯ�ƶŝ�řŶ�ƭŚƳ�ƹ�ƽŶƴŝ��ƽŹřŸĭ
ƾƿŚǀưǀƃƺŗĥƶƳƺưƳ��ŚƸƳō�Ŝǀĩźţ��ƶƘƫŚƐƯ�ŵŹƺƯ�ƽŚƷ�ŹřŵƺưƳ�ƽƹŹ�źŝ�SiO2�Źŵ�

ǀƿŚǀƬƣ�ƕƺưŬƯ� źŝřźŝ� ŚƸ�Cox et al., 1979���Ţſř� ƵŶƃ� ƵŵŚǀě�źƿƺƈţæå���
źƿƺƈţ� Źŵ� ƶĤƳŚƴģ�ÎÍƾƯ� ƶƔůǈƯ��ŵƺƃ�ŠưƷ�ƶƳƺưƳ���ƲŤƃřŵ� Śŝ� ƽŷƺƠƳ� ƽŚƷ

SiO2�Ʋǀŝ�êå�éêƹźưƬƣ�Źŵ�ŶƇŹŵ�ƾƯ�Źřźƣ� ŚƷƹźŝŚĭ��Śŝ�ƶŬǀŤƳ�Ʋƿř�ƹ�ŶƳźǀĭ�
Źřŵ�ŢƤŝŚƐƯ�ƽŹŚĮƳ�Ĭƴſ�šŚƘƫŚƐƯ� Żř� ƪƇŚů�ŪƿŚŤƳŵ� �� Źŵ� Ʋǀƴģ� ƮƷ�Ʋƿř

ŹřŵƺưƳ��ƾƿŚǀƬƣ� ƽƹźưƬƣ� ƵŶƴƴĩ� řŶū� Ǝų� ƢŝŚƐƯƹ��Ǝſƺţ� ƶĩ� ƾƿŚǀƬƣ� ƶưǀƳ��
�Wilson (1989Ţſř� ƵŶƃ� ƪǀưĪţ��ŠưƷ� ľŚŞƿźƤţ�ƶƳƺưƳ���ƵŵƹŶŰƯ� Źŵ� ŚƷ

ƾƯ�Źřźƣ�ƾƿŚǀƬƣ��ŹřŶƤƯ�ƹ�ŶƳźǀĭK2O�Na2OƾƯ�ƱŚƄƳ�řŹ�ƾƿǇŚŝ��ŶƴƷŵ���
ƶƳƺưƳ�ƾƬƇř�źƇŚƴƗ�ƾƳřƹřźƟ��źƿƺƈţ�Źŵ�ƾƿƹźŝŚĭ�ƽŚƷææ�ƽŚƷŹřŵƺưƳ�ƽƹŹ�źŝ�

Ŷǀƀĩř�šřźǀǀƜţ���šřźǀǀƜţ�źŝřźŝ�Źŵ�ŶǀƀĩřSiO2ƮſŹ�Ţſř�ƵŶƃ���Źŵ�ƶĤƳŚƴģ�
�źƿƺƈţ�ƲƿřƵŶƿŵƾƯ��ŵƺƃ���ƱřżǀƯAl2O3Źŵ��ƶƳƺưƳ�ƾƿƹźŝŚĭ�ƽŚƷ�źŤųŚŝ��ũƹō
Ƥţ�ŹƺƏ�ƶŝ�Ʋǀŝ�ƾŞƿźæé�Śţ�æìŹŵ�ǀƜŤƯ�ƾƳŻƹ�ŶƇ�ƂƿřżƟř�Śŝ�ƹ�Ţſř�źSiO2��

�ŹřŶƤƯAl2O3ƶƳƺưƳŚƷ�ƾƯ�ƂƿřżƟř�ƾưƧ��ŶŝŚƿ��ƿř�ƪǀƫŵ�ƢƿźƠţ�ƹ�ŹƺƬŞţ�ŶƳƹŹ�Ʋ
ŶƴƳŚƯ�ĨǀƟŚƯ�ƽŚƸǀƳŚĩ� ŵƹŶŰƯ�ƾƿŚưĭŚƯ�ƢƿźƠţ� ƶǀƫƹř�ƪůřźƯ� Źŵ�Ʋƀĩƹźǀě�

ƾƯ��ƂƿřżƟř� ŦƗŚŝ� ƶĩ� ŶƃŚŝAl2O3ƂƿřżƟř� ƵřźưƷ� ƶŝ�SiO2ŵ�ƽŚưĭŚƯ� Ź
ƾƯ� ƵŶƳŚưǀƣŚŝ�ŵƺƃ� �ƿřżƟřƂAl2O3�ƢƿźƠţ� ƹ� ŹƺƬŞţ� ƶŝ� źŬƴƯ� ŚưĭŚƯ

ƾƯ�ŚƷŻǈĩƺƿĥǈě�ŵƺƃ����
ƱřżǀƯMgOƺưƳ�Źŵ�ƶƳ��Ʋǀŝ�ŚƷé�Śţ�îƳřƹřźƟ�ƹ�Ţſř�źǀƜŤƯ�ƾƳŻƹ�ŶƇ�Źŵ�ƾƳō��ŚƸ

�ƂƿřżƟř� ŚŝSiO2ƾƯ�ƂƷŚĩ��ŶŝŚƿ� ��ƶŝ�Ʋƀĩƹźǀě�ƾƳŚĩ�ŹƺƬŞţ� Śŝ� żǀƳ�ŶƳƹŹ�Ʋƿř
ƮƸƯ�ƱřƺƴƗ�ƵŶƴƴĩ�ƝźƈƯ�ƾƳŚĩ�ƲƿźţMgO�ŚƷƹźŝŚĭ�ŹƺƬŞţ�ƶǀƫƹř�ƪůřźƯ�Źŵ

�ƹŢſř�ĬƴƷŚưƷ� ŚưĭŚƯ�Ŝǀĩźţ�ƩƺŰţ� Śŝ�Ʊō�ŹƺƬŞţ�ƂƷŚĩ���šřźǀǀƜţ�ƶƴƯřŵ
�ƪƧ�ƲƷō�(FeO*Ʋǀŝ�î�Śţ�æèƂƿřżƟř� Śŝ�ƶĩ�Ţſř�ƾƳŻƹ�ŶƇŹŵ��2�SiO���

ƾƯ�ƱŚƄƳ�ƽŵƺƘƇ�ŶƳƹŹ�ƺƬŞţ�Śŝ�ŶƳƹŹ�Ʋƿř��ŶƷŵƴƀĩƹźǀěƺƴǀƬĩ�ƶǀƫƹř�Ź�ƢŞƐƴƯ�ŚƸ
Ţſř���

�šřźǀǀƜţ�ƵŵƹŶŰƯTiO2��Ʋǀŝ�ƶĩæ�Śţ�êŢſř�źǀƜŤƯ�ƾƳŻƹ�ŶƇ�Źŵ��Ɵř�Śŝ��Ƃƿřż
SiO2ƾƯ�ƱŚƄƳ�ƽŵƺƘƇ�ƽŶƳƹŹ��ŶƷŵ���źƈƴƗTiƶŝŚƄƯ�ƾƳƺƿ�ƕŚƘƃ�ƽřŹřŵ�Fe

ƹ�Ƶŵƺŝ��Ưƾ�ǀƳŚĩ�Źŵ�ŶƳřƺţ�ĨǀƟŚƯ�ƽŚƸ�źƈƴƗ�Ʋƿř�ƲǀƄƳŚūŵƺƃ�Ti�ƪǀƫŵ�ƶŝ
�ƽŚū�ƶŝ�ƾƴǀƄƳŚūFeƾƯ�ƱŚƄƳ�Ʊō�ƶŝŚƄƯ�ƽŶƳƹŹ��ŶƷŵ���

CaO� Ʋǀŝ� źǀǀƜţ� ƶƴƯřŵ� Śŝ�ì� Śţ�ææ�ƂƿřżƟř� Śŝ� ƾƳŻƹ� ŶƇŹŵ�SiO2��ƂƷŚĩ�
ƾƯ��Ʋƿř�ƶĩ�ŶŝŚƿ�Żř�ĨǀƀƬĩ�ƽŚƸƴƀĩƹźǀě�ƹ�Żǈĩƺƿĥǈě�ŹƺƬŞţ�źŝ�ƢŞƐƴƯ�ŶƳƹŹ

�źƈƴƗ�Ʋƿř�ŵƹŹƹ�ƹ�ŚưĭŚƯŢſř�Żǈĩƺƿĥǈě�ŹƺƬŞţ�ƶĪŞƃ�ƶŝ�
K2Oƹ�Na2O�Ʋǀŝ�źǀǀƜţ�ƶƴƯřŵ�ƽřŹřŵ�Ŝǀţźţ�ƶŝ�æ�å�Śţ�ê�æ�ƹ�ê�å� Śţ�ê�é�
ŤƀƷ�ƂƿřżƟř� Śŝ�ƶĩ�ŶƴSiO2�ƹ�ƵŵřŶƳ�ƱŚƄƳ�ƾƈŴƄƯ�ƾƫƹżƳ� Śƿ�ƽŵƺƘƇ�ŶƳƹŹ�

ŶƳŹřŵ� ƵŶƴĩřźě�ƾŤƫŚů�ř�ƬŘƀƯ�ƲƿƾƯ�ƶ�� ƶƿƺƳŚŧ� ŶƴƿřźƟ� Żř�ƾƃŚƳ�ŶƳřƺţ�ƾƳŚſźĭŵ
ŶƃŚŝ���

�źǀǀƜţ�ƶƴƯřŵP2O5Įƴſ��Ʋǀŝ�ƾƿƹźŝŚĭ�ƽŚƸæ�å�Śţ�ê�è�ƂƿřżƟř�Śŝ�ƹ�Ƶŵƺŝ�SiO2�
ƾƯ�ƱŚƄƳ�ƾƄƿřżƟř�ŶƳƹŹ��ŶƷŵƬŘƀƯ�Ʋƿř�ƶĩƾƯ�ƶ��Ʊŵƺŝ�ŹŚĭŻŚſŚƳ�Żř�ƾƃŚƳ�ŶƳřƺţ

ŵ� źƠƀƟŚưĭŚƯ� ƢƿźƠţ� ƶǀƫƹř� ƪůřźƯ� ŹƽƽŻŚŝ��ƪůřźƯ� Źŵ� ŢǀţŚěō� ŹƺƬŞţ� ƹ�
ţƽźǀųŚ�ŶƃŚŝ�ƲƿŹƺƬŝ�ƢƿźƠţ�źţ���

Ŷǀƀĩř�ƽŚƷŹřŵƺưƳ�Źŵ�ƵŶƃ�ƵŶƷŚƄƯ�ƽŚƷŶƳƹŹ�ƶŝ�ƶūƺţ�Śŝ����šřźǀǀƜţ�ƹ�Ŷǀƀĩř
ƶƳƺưƳ� Źŵ� ƾƿŚǀưǀƃ� Ŝǀĩźţ� ƾŬƿŹŶţ�ƾƯ� ƾſŹźŝ� ŵŹƺƯ� ƽŚƷ��ŵƺūƹ� ƶŝ� Ʊřƺţ

Ƶŵƺţ� ƵŶƴƷŵ� ƪǀĪƄţ� ƽŚưĭŚƯ� Źŵ� ƲƿŹƺƬŝ� ƢƿźƠţ� ƭŚŬƳř� ƹ� ƽŶƳƹŚƄƿƺų���ƽŚƷ
ƾƿƹźŝŚĭ�źŤųŚŝ�ŵźŝ�ƾě�ũƹō���

Ƴ� ƾſŹźŝ� ƽřźŝƪǀĪƄţ� Źŵ� ƲƿŹƺƬŝ� ƢƿźƠţ� Śƿ� ƾƄŴŝ� śƹŷ� ƂƤ�ƽŚƸĮƴſ�
ƾƿƹźŝŚĭ�� Żř�� ƾĭŶƴƧřźě� ƽƺĮƫřźƇŚƴƗĩŚų�ƾ�śŚǀưƧ��REE��ƽƹŹ� źŝ�

Ţſř� ƵŶƃ�ƵŵŚƠŤſř�ƾţƺŞĪƴƗ�ƽŚƷŹřŵƺưƳ� �ƾƯŚĮƴƷ��šŹƺƇ�ƾƄŴŝ�śƹŷ�ƶĩ
ƾƯ�ƶŤſƺǀě�ŹƺƐŝ�ƵŶƃ�Ŷǀƫƺţ�śřŸƯ�Ĩģƺĩ�ƽŚƸưŬů��ŵźǀĭ�ƹ�ŹřźƟ�ŵřƺƯ�Żř�

ƾƯ� ƾƴƛ� ŹŚĭŻŚſŚƳ� ƹ�ĨŞſ� źƇŚƴƗ�ŵƺƃ� ��śŚǀưĩ� źƇŚƴƗ�ƽƺĮƫř� ƾſŹźŝ� Śŝ
�ƢƿźƠţ�šƹŚƠŤƯ�šŚūŹŵ�ƹ�ƾƄŴŝ�śƹŷ�ƞƬŤŴƯ�ƽŚƷŶƇŹŵ�ƶŝ�ƍƺŝźƯ�ƾĩŚų

ŝŹŚŬƴƸŝ�ŢƿŹŶƴĩ�ƶŝ�ŢŞƀƳ�ƶĩ�ƲƿŹƺƬƵŶƃ���ŶƳř�Nelson, 2004��ƶƔůǈƯ�
ƾƯ��ƾƳřƹřźƟ� Śŝ�ĨŞſ�śŚǀưĩ�źƇŚƴƗ�ƾƄŴŝ�śƹŷ�ƶǀƫƹř�ƪůřźƯ�Źŵ�ƶĩ�ŵƺƃ

ƾƯ�śřŸƯ� ŵŹřƹ� ǇŚŝ�ƾƫŚů� Źŵ� �ŶƳƺƃ�ƲǀĮƴſ� źƇŚƴƗ� ƶĩ�ţ�ƽźŤưĩ�ƾƳřƹřźƟ� ź
ƾƯ� ƱŚƄƳ�� ŶƴƷŵ�źƿƺƈţæç��ƶŝ��ƶƳƺĭ�ƽř� źƇŚƴƗ� ƱřżǀƯ� ƶĩ�Ybƹ�Lu�Śŝ�

ƾƯ�ŢŝŚŧ�ŚŞƿźƤţ�ƾƄŴŝ�śƹŷ�ƞƬŤŴƯ�ƽŚƷŶƇŹŵ�ŶƳŚƯ�ƽŹƺƬŝ�ƢƿźƠţ�Źŵ�ŚƯř���
� ŚŝƽŹƺƬŝ�ƢƿźƠţ�ƱřżǀƯ�źŝ�ƱŶƃ�ƵŵƹżƟř�ƶưƷ�ƾƳřƹřźƟ��ŹƺƏ�ƶŝ�śŚǀưĩ�źƇŚƴƗ�

ƾƯ�ƂƿřżƟř�ƶŝŚƄƯ��źƇŚƴƗ�ƾƳřƹřźƟ�ƽƺĮƫř�ƹ�ŶŝŚƿƾĩŚų�śŚǀưƧ�ƶƳƺưƳ�Źŵ��ƽŚƷ�����������������������������������������������������������������������������������
�ƢƿźƠţ�ŶƴƿřźƟ� Śŝ�ƎŞţźƯ�ƾƯ�ƽŻřƺƯ�Ƃǀŝ�ƹ�Ʈĩ��ŶƳŚƯ��ƶƀƿŚƤƯ�Źŵ�ƽƺĮƫř�Ʋǀŝ� �
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����������

��ÎÓÓ������� ������������������������������������������������������������������ŹŚƸŝÕÒ�ƩŚſ��ƮƷŵżƳŚěƵŹŚưƃ���ÒÖ������ ������������������� ������������������� ��������������

źƇŚƴƗ�ƾƳřƹřźƟƾĩŚų�śŚǀưƧ�ƶƳƺưƳ��ŵƺưƳ�Śŝ�ƶƘƫŚƐƯ�ŵŹƺƯ�ƽŚƷƶƿŚě�ƽŚƷŹř��ƽř
�ƶĩ��Nelson (2004źƧ�ƶŗřŹř�Ţſř�Ƶŵ�ƾƯ���ƽƺĮƫř�ƶĩ�ŵƺưƳ�ƵŶƷŚƄƯ�Ʊřƺţ

Źŵ�źƇŚƴƗ�ƾƳřƹřźƟ�ƽŚƸĮƴſ�ƶƤƐƴƯ�ƾƿƹźŝŚĭ�źŤųŚŝ�ũƹōƃ��ŞŚ�ƶŝ�ƽŹŚǀƀŝ�ŢƷ
ƾƯ�ƱŚƄƳ�ƲƿŹƺƬŝ�ƢƿźƠţ�ƶŝ�ƍƺŝźƯ�ƽƺĮƫř�ŶƴƷŵ���

ƪƯŚƗ�����ƾƿŚǀưǀƃƺŗĥ���źĮƿŵ���ƶºƘƫŚƐƯ�ŵŹƺºƯ����ƕŚŞºƃř�ƶºūŹŵ��������ǀƴǀƯƺºƫō�Żř�ƾĭŶºƃƮ��
Ţſř����������Żř�śřŸºƯ�ƕŚŞºƃř�ƶºūŹŵAl���ƶºŝ�����ŵ�ƅƺƈºų����ŌŚƄºƴƯ�ƲǀºǀƘţ�Ź��ƾƿŚºưĭŚƯ��

�ƽŚƸĮƴººſƾººƳƹŹŵ�ƲººƿŹŷō�ƪººƯŚƗ�Ĩººƿ�ƱřƺººƴƗ�ƶººŝ��Żř�ƹ�ƵŶººƃ�ƶººŤƟźƿŸě�ƮººƸƯ�
ǀưƷřººƿƹ�ŢºººƵĦ�ŝ�ƽřŢººſř�ŹřŵŹƺººųź��ºººººƿřƹ�ƹ�ƪºººěŚºģ�ƵŶººǀƤƗ�ƶººººŝŢ��
�(Chappel & white, 1974���ǀƴǀƯƺºƫō�Żř�ƕŚŞºƃř�ƶūŹŵŹŵ�Ʈ��ŚƸĮƴºſ���ƶƳŚƄºƳ

�������Ʊō�Żř�ƶºĩ�Ţºſř�ƽŵřƺƯ�ŢǀƷŚƯ��ƶŤƟźĭŌŚƄºƴƯ����ŶºƳř�������ƪºƯŚƗ�Ʋºƿř�ƲǀºǀƘţ�ŽŚºſř�
�ƾƫƺººĪƬƯ�źƿŵŚººƤƯAl2O3�Na2O��K2Oƹ�CaOŢººſř����Ʋººƿř�ƲǀººǀƘţ�ƽřźººŝ

���ºººǀǀƜţ�ŹřŵƺºººưƳ�Żř��ƪƯŚƗ�ƀƳ�šřźºººº�ĪƬƯ�ŢŞºººƫƺƾ�Al2O3/Na2O+K2O��Źŵ�
ŝºŝřźºź��Al2O3/(CaO+Na2O+K2O��Maniar & Piccol, 1989���ƶĩ

������������������Ƶŵźºĩ�řżºŬƯ�ƮºƷŻř�řŹ�ƲǀƯƺºƫō�ŚºŤƯ�ƹ�ƲǀƯƺºƫō�źºě�ƾƬƇř�ƵŵƹŶŰƯ�ƹŵ��Ţºſř���
��Ţſř�ƵŶƃ�ƵŵŚƠŤſř��ŽŚſřźŝ���źƿƺƈţ�æè��ƶƳƺưƳ�ƶǀƬĩ������ŚŤƯ�ŢǀƘƋƹ�Źŵ�ŚƷ��ƲǀƯƺƫō

ŶƳŹřŵ�Źřźƣ���
ƲǀƯƺƫōŚŤƯ�ŢǀƘƋƹ�ƽŚƸĮƴſ�ƶƳŚƄƳ�ƲƿŹŷōŌŚƄƴƯ�ƲŤƟźĭ�Żř�ƽŷƺƠƳ�ƽŚƸĮƴſ�

Ţſř�ƶŤƃƺĭ��Middlemost, 1985��ƭŚưţ�ƽźǀĭ�Źřźƣ�Ʋǀƴģ�ƮƷ�ƶƳƺưƳ���ŚƷ
ƬŘƀƯ�ƲǀƯƺƫōŚŤƯ�ŢǀƘƋƹ�ŹŵƽŚưĭŚƯ�ƾĭŵƺƫō�ƶ�ƽŚƸĮƴſ�Ƴ�Śŝ�ƾƿƹźŝŚĭ�ƽŷƺƠ

ƵŹŚƣ�ƶŤſƺě�ƾƯ�ƾƠŤƴƯ�ľŚŞƿźƤţ�řŹ�ƱŚŝżǀƯ�ƽř�ŵŻŚſ���
ƲǀƯŻ� ƎǀŰƯ� ƆǀŴƄţ� ƽřźŝ�� ƾŤųŚſźŝŚĭ� ƪǀĪƄţ� ƾƿŚưĭŚƯ�ƾſŹźŝ� ƶŝ� ŚƷƹ

ƾŗżū�źƇŚƴƗ�ƾƳřƹřźƟƶƳƺưƳ��źŝ�ƶƘƫŚƐƯ�ŵŹƺƯ�ƽŚƷ��ƾţƺŞĪƴƗ�ƽŚƷŹřŵƺưƳ�ƽƹŹ
ŹŚŬƴƸŝƾƯ�ƶǀƫƹř�ƶŤƃƺĭ�ƹ�ŢƿŹŶƴĩ�Śŝ�ƵŶƃ��ƮƿŻřŵźě���ŵƺūƹ�ŚƷŹřŵƺưƳ�Ʋƿř�Źŵ

ƿƾŝ� ŵƺŞƳ� Ś�ƿŹŚŬƴƷ�ƽřźŝ� ƾƿŚưƴƷřŹ� ŹŚĭŻŚſŚƳ� źƇŚƴƗ� ƾƠƴƯ� Śƿ� ƹ� ŢŞŨƯ� ƽŚƸ
ƆǀŴƄţƎǀŰƯ�ƲǀƯŻ��Ţſř� ƲƿŹŷō� ƽŚƸĮƴſ� ƾŤųŚſ�� ƽŚƸĮƴſ��ƢƏŚƴƯ

ƲǀƯŻ�ƞƬŤŴƯ�ƾŗżū�źƇŚƴƗ�ƾƳřƹřźƟ�ƑŚŰƫ�Żř�ƾŤųŚſ�ƅŚų�ƽŚƷƺĮƫř�ƽřŹřŵ�
ŶƴŤƀƷ�ưƳ� śŹƺƯ� ƪŨƯ� ƾĭŶƃŻŚŝ� ƶŝ� ƍƺŝźƯ� ƽŚƷŹřŵƺưƳ� ľǈŨƯ�ºº�ƽŚƷŹřŵƺ
ƴĪƿºººųřƺºººŢ�Smoth trend�Ťƀūźŝ�ƱƹŶŝ�ƾƴƘƿºººŤƟŹƹźƟ�ƹ�ƾĮººº�ƾĮ
ƹ�ƽŚƷŹřŵƺºººººưƳƴƗºººŞĪºţƺººŝźƯ�ƾººŝ�ƍƺººƶƴºſ�ºº�ƽŚƸĮƿŹŷōºƴƯ�ƲººƏŚºº�Ƣ

ƀūźŝ� ƽřŹřŵ�ƂƳřŹƹźƟºŤºº� ƹ� ƾĮººŤƟŹƹźƟ� ƾĮ(Spikey trend)ƾƯ��ŶƃŚŝ�
�Wilson, 1989 ; Kampunzu et al., 2003��ƂƳřŹƹźƟ�ƢƏŚƴƯ� Źŵ���

ƆŴƄƯ�ƺŗĥ� ƾĭĦƿƹ� Ʋƿźţſ� ƾƿŚǀưǀƃĮƴŚƸ�Śƿ� ƾĭŶƃ� ƾƸţ� ƶŝ� ƍƺŝźƯ��
ƾŝ�ƽŹŚŬƴƷƾƠƴƯ�Nb��Ta�Hf�ƹTiŢſř��ƾƯ� ƶĩ���Źŵ�śō�ƂƤƳ� Śŝ� ŶƳřƺţ

� ƹ� ŚưĭŚƯ� ƪǀĪƄţ�ƍŚŞţŹř� Źŵ� ŚƸƳō� ŌŚƄƴƯ�Ĭƴſ� Źŵ� źƇŚƴƗ� Ʋƿř� ƱŶƳŚƯ� ƾƣŚŝ
ŶƃŚŝ��ŚƯř��ƶƈŴƄƯ�ƶūƹ�ƢƏŚƴƯ�ŚƧŤƟƾƾƄƄĩ�Śƿ��ƾŝ�Śƿ�ƾĭŶƃ�ƾƴƛ��ƽŹŚŬƴƷ�
�ŢŞŨƯNb��ƹTi�Ţſř��Esawi, 2004�ƹ�Ballever et al., 2001���

ưƳ� Źŵ� źƿƺƈţ� ƾţƺŞĪƴƗ� ŹřŵƺæéƳřƹřźƟ� šřźǀǀƜţ� ƽƺĮƫř�ƾƾŗżū� źƇŚƴƗ��
Ƶŵƺţ� ƶŝ�ƍƺŝźƯ�ƽŷƺƠƳ�ƽŚƷƾŗżū� źƇŚƴƗ�ƽƺĮƫř� Śŝ� ũƹō� źŤųŚŝ�ƶŝ�ƍƺŝźƯ��

ŢƟŚƧ� ƶŝ� ƍƺŝźƯ�ĨǀƿƹŻƺƴſ� ƾƳŚƄƠƄţō� ƽŚƸĮƴſ� ƶǀůŚƳ�Rohn�żĩźƯ� Źŵ�
ƱŚưƫō��Jung & Hoernes, 2000�Ţſř�ƵŶƃ�ƶƀƿŚƤƯ���
ƱŚưƷ�ĭƶƳƺƶĩ�źƿƺƈţ� Ʋƿř� Źŵ�ƾƯ� ƶƔůǈƯ��ƳřƹřźƟ� šřźǀǀƜţ� ƽƺĮƫř� ŵƺƃƾ�

�ƽŚƸĮƴſ�ƾŗżū�źƇŚƴƗƶƤƐƴƯŤƷŚŞƃ���Źŵ� ƵŶƃ�źĩŷ�ƶƤƐƴƯ� Śŝ� řŹ�ƾƳřƹřźƟ�ƽŚƸ
ƄƳ� ƱŚưƫōƾƯ� ƱŚººººº�ŤƷŚŞƃ� Ʋƿř� ƶĩ� ŶƷŵƃ� ŚƸºººƾĭŶƃ� ƾƴƛ� ƪƯŚBa��

Nb�La�ZrƽŶů Śţ ƹTiŢºººſř�
� ƶºŝ� ƩŶºººƯ� Ʋƿř�źƔƳ�Jung & Hoernes (2000)ƃŢƷŚŞ�Śŝ� ƽŹŚǀƀŝ�

ŤƫřŻŚŝ�ƾſƺƳŚǀƣř�źƿřżū�ƽŚƸ�OIB�ƹ��ƽŚƸĮƴſ��ĨǀƳŚĪƫƹ�ƾƿŚǀƬƣŤǀƘƣƺƯ�Źŵ�ƽŚƸ
ƵŹŚƣ�ƾƯ� ƱŚƄƳ� ƽř�ŶƷŵ� �ŹřŵƺưƳ� ƽƺĮƫř� Źŵ� ŵƺūƺƯ� ƽŚƸŤƷŚŞƃƾţƺŞĪƴƗ� ƽŚƷ�

�ƽŚƸĮƴſƐƴƯ�ƹŵƾƯ��ƶƤ�ƲǀƯŻ�ƎǀŰƯ�źĮƳŚǀŝ�ŶƳřƺţ�ƾŤųŚſƶŝŚƄƯ�ŚŞƿźƤţ��ƮƧŚů�
Ƴō�ƪǀƨƄţ�źŝŚƸŶƃŚŝ���ƾƯ�ƶĩ�ƽźĮƿŵ�ƶŤĪƳ��ŶƳřƺţƪǀĪƄţ�ƵŶƴƴĩ�ŶǀƿŐţ�ƽŚƸĮƴſ�

ŶƃŚŝ� ƾƄƄĩ�ŢǀƘƣƺƯ�Ĩƿ� Źŵ� ƶƤƐƴƯ�� ƱřżǀƯ� ƾƳřƹřźƟ�TiO2Źŵ��ƽŚƸĮƴſ�
� ŵƹŶů� Źŵ� ƾƴǀĮƳŚǀƯ� ƶĩ� Ţſř� ƾƿƹźŝŚĭé�çƳŻƹ� ŶƇŹŵ�ƾƾƯ� ƱŚƄƳ��ŶƴƷŵ��

TiO2Ƃǀŝ���Żř�źţçƶƳŚƯŚſ�ƽŚƸǀĭĦƿƹ�Żř�ƾĪƿ�ŶƇŹŵ��ŚƧ�ƽŚƷƵŹŚƣ�ŢƟ��ƽř�ƶŝ
ƾƯ�ŹŚưƃ�Ŷƿō���

Ƣǀƣŵ� ƾŝŚƿŻŹř� ƽřźŝ�ųŚſ� ƲǀƯŻ� ƎǀŰƯ� źţƾŤũƹō� ƽŚƷƹźŝŚĭ� ƪǀĪƄţ���
ƶƀƿŚƤƯ�Ʋǀŝ�źĮƿŵ�ƽř�źƇŚƴƗ�ƾĭŶƴƧřźě�ƽƺĮƫř�ƾŗżūƲƿř��ŚƸĮƴſ��Śŝ�ƽŚƸůźƏ�

ƽŚƸŤƫřŻŚŝƾƿŚǀƬƣ�CVZ (Central volcanic zone)�ŶƳō�ƾƄƳřŹƹźƟ�ƶƤƐƴƯ�
ŹƹŚų� Źŵ� ƶĩCVZƮƿĥŹ�Ĩƿ� Źŵ�� ƾŤųŚſ� ƲǀƯŻƵŵźĩ� ƱřŹƺƟ� ƾƄƄĩ��ŶƳř

ƶŤƟźĭ� šŹƺƇ� Ţſř��źƿƺƈţæê� ��źƿƺƈţ� Ʋƿř� ŽŚſř� źŝſ� �� ƽŚƸĮƴ�ŵŹƺƯ
�ŹŚĭŻŚſŚƳ�źƇŚƴƗ�ƾƳřƹřźƟ�ƑŚŰƫ�Żř�ƶƘƫŚƐƯY�ƹ�YbƑŚŰƫ�Żř�ƲǀƴĤưƷ�ƹ��ŵƺŞƳ�

ƾŝ�ƽŹŚŬƴƷ�ƾƠƴƯ�NbŚŝ��ƽŚƸĮƴſ�ƺƯŤƷŚŞƃ�Ʋƿř� ƹ� Ƶŵƺŝ� ƶǀŞƃ� ƶƀƿŚƤƯ� ŵŹŚƸ��
ƪǀĪƄţ�ƶƿźƔƳ�ƽŚƸĮƴſ�ţ�ƾƄƄĩ�ŢǀƘƣƺƯ�Źŵ�řŹ�ƾƿƹźŝŚĭŐƾƯ�Ŷǀƿ�Ŷƴƴĩ���

Ŷƃ� ƵŹŚƃř� ƶĤƳŚƴģ�řźŰƇ�šŚƘƫŚƐƯ�ŽŚſř� źŝ�ƲǀƄǀě�ƱřźĮƄƷƹĦě��ƢƿŹżţ�ƾƿ
ţººººƵŵƺ�ƠƳ� ƽŚƷºººº� ƽŷƺ�ŢŞºººƀƳ� ƽźǀººººƃźţ� ƮººººƀǀţŚưĭŚƯ� ƶŝ� řŹ� ũƹō
řŵƵŵ�ŶƳř��Bolourchi, 1979ŻřźƟźſ� ƹ���æèìé� ��ƶŝ�ƪǀƫŵ� ƲǀưƷ�ƽŹƹźƋ� �

Ţſřźǀƃźţ� ƮƀǀţŚưĭŚƯ� ƕƺƣƹ� ƪƬƗ� ŹƹźƯ� ƲưƋ�ƽƱřźƿř��ƶƀƿŚƤƯ� ƶŝ� �
ǀĭĦƿƹźǀƃźţ� ƮƀǀţŚưĭŚƯ� ŻŹŚŝ� šŚƇŚƈŤųř� Śŝ� ŚƷƹźŝŚĭ� ƽŚƸƽ�Ʊřźƿř� Źŵ�

ĜŝƮƿŻřŵź� �źǀƃźţ� ƮƀǀţŚưĭŚƯ� ƅƺƈų� ŹŵƽŹŵ��ƱřźƿřƫŶƯ� ƱƺƴĩŚţ� ��ƽŚƸ
ƠƬŤŴƯººſ�Żř�ƾººƤƤŰƯ�ƽƺŚƃ�ƶŗřŹř�Ʊººſř�ƵŶºŢ��ƗºººƵŶ�ƤƤŰƯ�Żř�ƽřŚº�Ʊ�ŝº�ƶ

ƴƗººŨƯ� ƱřƺºƩŚTakin, 1972; Karig, 1971;�Nowroozi, 1971;�
Jung and et al.,1975�;Moine-Vaziri,1985;�ƲǀƘƯ���ƽźƿŻƹÎÐÕÐ��

ƄƴƯŌŚ�Źř� ƱƹŻ� ƮƀǀţŚưĭŚƯƹǀƯƶ�� ƾƃŚƳ� řŹ� Ʊřźƿř� źŤųŵ�ƂƳřŹƹźºººƟ� Żř
ŵŹƺųźºººººŝ�ƹ�žººǀţƺºººŘƳŝ�ƹŵ�ººººººƿř�ħƺƬºººƹ�Ʊřź�ƀŝźƗºººƾƯ�ƱŚŤ��Źŵ�ŶºƴƳřŵ
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ƲǀƯŻ�ƎǀŰƯ�ƹ�ƾưǀƃƺŗĥ���ũƹō�źŤųŚŝ�ƽŚƷƹźŝŚĭ�ƾŤųŚſ������

��

��ŹŚƸŝÕÒ���ƩŚſ �ƮƷŵżƳŚě��ƵŹŚưƃ���ÒÖ�ÎÓÔ��

ƾƫŚººů�ƶĩ��Sabzehei, (1974���Amidi, (1975���Lescuyer and et

al., (1979��ƾƯŚƯř�ƹ�Emami, 1981��Ư�ƶĩ�ŶƳŶƤŤƘƯ�Źŵ�Ʊřźƿř�ƮƀǀţŚưĭŚ
źǀƃźţƽ��ƶŝ�Ʋſƺŗř�ƅƺƈų��ƶƜǀţ�ŵƺūƹ�ŢƬƗ�ƶŝ�ƽŚƷƾŝŚƯźĭ��ħƺƬŝ�źƿŻ�Źŵ�

ƵŶƿŶě� ƹ� ƶŤƟźĭ� ƭŚŬƳř� Ʊřźƿř�Źŵ� Ʊƺƴĩř� ƶĩ� ƶĤƳō� ƶŝ� ƶǀŞƃ� ƽř�ŚƤƿźƟō� ŹƹŚų�
ƪĪƃ�ƪƯŚƗ� ŵŹřŵ� ƱŚƿźū�źǀĭƽŚƸĮƴſ�ƽƿř�ƲƿŹŷō��Ƶŵƺŝ� ŹƺƄĩ� Żř�ƂŴŝ�Ʋ

Ţſř� �źĮƿŵ� šŹŚŞƗ� ƶŝŽŚſřźŝ� �ƤƤŰƯ� Ʋƿř� ƶƿźƔƳ�ŚƱ�źţ� Źŵ�źǀƃƽ��Ĩƿ�
ŢƟŚƧ� ƶƗƺưŬƯƵŹŚƣ� ƱƹŹŵ���ƽŚƷŻŚƟ�ŢƬƗ� ƶŝ� ŚƯř� Ƶŵƺŝ� ƪǀĪƄţ� ƩŚů� Źŵ� ƽř

ƃŹŚƄƟƾƲƿźǀŤſř�ƹ�ƲŘƳźǀě��Ƃǀě�ŽƺƳŚǀƣř�ƪǀĪƄţ�Żř���Ţſř�ƵŶƃ�ƶŤƀŝ���ƪƤƳ
��ƽźƿŻƹ�ƲǀƘƯ�Żřæèìê����
ģŹƺƬŝ� źƔƳ� ƶŝ� ŚƴŝƾBolourchi, (1979)�ƳŚƄƠƄţō� Żř�žěƾ�Źŵ� �Ʋſƺŗř�

ƤƐƴƯ�Źŵ�ƾƳŚƄƠƄţō�ŢǀƫŚƘƟ�żǀƳ�ƲſƺǀƯƺĮǀƫřřŸƫ�Ţſř�ƶŤƟźĭ�šŹƺƇ�ũƹō�ƶ�
ƾƳŚƄƠƄţō� ƽŚƸĮƴſ� ŻŚƟ� ƶŝ� ƢƬƘŤƯ� ƶƀƿŚƤƯ� ŵŹƺƯ��ƲſƺǀƯƺĮǀƫř� ƾƳŚƄƠƄţō

ŶƴŤƀƷ����ŹƹŚŝ�Ʋƿř�źŝ�ƽƹƵŵƺţ�ŷƺƠƳ�ƶĩ�Ţſř��Ĩģƺĩ�ƽŚƷ�Śŝ�ƾƳŚƄƠƄţō�ƶưǀƳ
ŤǀƬſř�ƱŚǀƯ�Źŵ��ƾƿƹźŝŚĭ�Ŝǀĩźţ�ŶƳŻŚſ�ŵŹřƺƯ�ƾƌƘŝ�Źŵ�ƹ�ƾƿǇŚŝ�ŽŚƿźţ�ƽŚƸ

ƾƯ� �Ʈƣ�ƹŹŵ�ƲƿŹŷō�ƽŚƸŤǀƫŚƘƟ�ƲǀŞƯ�ŶƳřƺţŻ�Źŵ�ƾƳ�ƶĩ�ŶƃŚŝ�ƲſƺǀƯƺĮǀƫř�ƱŚƯ
ǀĮŤƀĪƃ� Ǝſƺţ� ŚƸƳō� ƢƿŹżţƿŵ� Śƿ� ƹ� ŚƸŹŚŤųŚſ� źĮ�ƲǀƯŻ� ƽŚƷ�� ƾſŚƴƃ��ŶƴƳŚƯ

ƴǀģ�ƵŶǀưų�ƢƏŚƴƯ�ƽŚƸǀĮŤƀĪƃ�Śƿ�ƾĭŹřƺĭźŝŚƸ��Ţſř�ƵŶƃ�ƩźŤƴĩ��ƮƷ��Ʋǀƴģ
ƶŝ��� ŻřźƟźſ� źƔƳ�æèìé��Ƶŵƺţ���ũƹō� ƽŷƺƠƳ� ƽŚƷ� ƽŚƸĮƴſ��ƹ� ƾƳŚƄƠƄţō

ƫř�ƾŝƺſŹǀƵŵźĩ�ƖƐƣ� řŹ�ƲſƺǀƯƺĮ�ƴŝ� ƹ�ŶƳřƲƿřźŝŚ�ƢƬƘţ�ƲſƺǀƯ�ƮƀǀƳƺţƺƬě� ƶŝ�
ŶƳŹřŵ���

ŚƷƹźŝŚĭ�ƶĩ�Ţſř�źĩŷ�ƶŝ�ƭŻǇƽ�źŤųŚŝ�ƟźƇ��ũƹōƴ�Żř�źƔ�ƶģ�Źŵ�ľŚƘƣřƹ�ƶĩ�Ʊō
ƳŚƯŻƾŚƸǀƳƺĭźĭŵ� Źŵ�ƽ�ƑŚŰƫ� Żř� �ŶƴƃŚŝ� ƵŶƃ� ƢƿŹżţ� ƶƤƐƴƯ� ĨǀƿƹŻƹżƯ�

ƿŚǀưǀƃƺŗĥƾŚƸĮƴſ�Śŝ�ƽƳŚƄƠƄţō�ƾźǀƃźţ�ƽţƹŚƠţ�ũƹō�ŚƸƽƸūƺţ�ƪŝŚƣ�ƾ�řŹ�
Ư�ƱŚƄƳƾ�ŶƴƷŵ� �ƈţ� Źŵ�ƶĤƳŚƴģ�źƿƺæé�ƵŶƿŵ�Ưƾ�ŵƺƃƶƿżŬţ�ŪƿŚŤƳ� ��ƾƿŚǀưǀƃ�

ŚƸĮƴſ� Żř� ƶƳƺưƳ� ƹŵƽƳŚƄƠƄţō�ƾ� źŤųŚŝ��ƹ�ƾŤƫřŻŚŝ�ŢƿŻŶƳō�ƪƯŚƃ� ƶĩ�ũƹō
�ŢǀƧřźţƽřźŝ�ŢſřŢſř�ƵŶƯō�Źŵ�ƂƿŚưƳ�ƶŝ�ŚƷƹźŝŚĭ�Śŝ�ƶƀƿŚƤƯ���Ʋƿř�ŚƸĮƴſ�

źƔƳ� Żř� ƶƧ��ƴſƾ� ƶŝ� ƢƬƘŤƯ�ǀƃźţ�ƾƳŚƄƠƄţōźƽ� ƶƤƐƴƯ���ƶŝ� ƢƬƘŤƯ� ƶƳƺưƳ�Ʀƿ
źĮƿŵ�ƹ�Ʋſƺŗř�ƮƀǀţŚưĭŚƯƣƺƯ�ƶŝ�ƶūƺţ�Śŝ�ƽƶƴǀģ�ŢǀƘ��ƽƹŹ�źŝ�ƶƧ�Ʊō�ƾſŚƴƃ

ƨƷōƳŻŚſ�ƽŚƸŶŝ�ƢƬƘŤƯ��ŵŹřŵ�Źřźƣ�Ʈƣ�ƲſƺǀƯ�ƮƀǀţŚưĭŚƯ�ƶ��Ưƾ�ƶŝ��ŶƴƃŚŝ�Ź�Ʈƛ
ƳŚĪƯ� ƶƬƇŚƟƾưĩ�ƾŚƸƳƺưƴųŹ� Śŝ� ƶĩ�ƽƿƹźŝŚĭ�ƾƶƘƫŚƐƯ� ŵŹƺƯ��Źŵ� �ŶƳŹřŵ�
� Śŝ� ƶƀƿŚƤƯ�ƳřƹřźƟ�ƑŚŰƫ� Żř� ŚƷƹźŝŚĭƾ�ǇŚŝ� ƱřŶǀƯ�šŶƃ� Śŝ� ŹŚĭŻŚſŚƳ� źƇŚƴƗ�

�HFS�řźƯ�ƶŝ��ƱřŶǀƯ�šŶƃ�Śŝ�źƇŚƴƗ�ƾƳřƹřźƟ�źƔƳ�Żř�ƹ�ŚƷƹźŝŚĭ�Żř�źţźǀƤƟ�Ŝţ
�ƲǀƿŚě�LFS�ŹƺƏ�ƶŝ�ƾƴƛ�źǀĮưƄģ��ŤƀƷ�ŚƷƹźŝŚĭ�Żř�źţŶƴ��ƲƿřźŝŚƴŝ�ƽŚƸĮƴſ��

ƳŚƄƠƄţōƾŗżū� źƇŚƴƗ� ƾƳřƹřźƟ� źƔƳ� Żř� ũƹō� ƾ�Ʋƿř� ƾĭŶƴƧřźě� ƽƺĮƫř� ƹ�
�ƶŝ�ƶūƺţ�Śŝ�ƹ�ƶŤƃřŵ�šƹŚƠţ�ŚƷƹźŝŚĭ�Śŝ��ƾţƺŞƨƴƗ�ƽŚƷŹřŵƺưƳ�ƽƹŹ�źŝ�źƇŚƴƗ

Ħƿƹ�ƽŚƸǀĭǀƃƺŗĥƶŝ��ƾƿŚǀư�ƾŝ�ƲŤƃřŵ�ƅƺƈų�ŬƴƷººƽŹŚƠƴƯ�ƾ�Nb, Ti, P��
ųŚºƃ� ƽŚƸǀºĭĦƿƹºƴºſ�ƆººĮŚƸƽƄţō�ºººƄƠººººƳŚƾƴƯ�ºƢƏŚ��Ɵ�ºººººƂƳřŹƹź��

�et al., 2000�(MacdonaldƯ�ƱŚƄƳ� řŹ�ƾ�ŶƴƷŵ� �ƿřů�Źŵ�ƲƫŚƾ�ƶĩ�Ţſř�
ƿŚǀưǀƃƺŗĥ�ƑŚŰƫ�Żř� ŚƷƹźŝŚĭƾ�ƏŚƴƯ�šŚƈŴƄƯ�ƄƄĩ�ƢƾŶƳŹřŵ� řŹ���ƿřźŝŚƴŝ�Ʋ

Ưƾ�ƱŚƗŷř� ƱřƺţƺĮƫř� ƶƧ� ŵźƧ�ƽƳřƹřźƟ�ƾŚƸĮƴſ�ƾŗżū� źƇŚƴƗ�ƽƳŚƄƠƄţō�ƾ�
żĩźƯ�Ʊřźƿř�źƿŻ�ƶŝ�žǀŤţƺŘƳ�ƂƳřŹƹźƟ�ƶƿźƔƳ��ƽźǀƃźţƽǀƿŐţ� řŹ�Ư�Ŷƾ��ƹ�Ŷƴĩ

ĪǀŤƳĥ�šƹŚƠţ�źŝ�ŢƫǇŵ�řŹŚĪƃōƾŤƫřŻŚŝ�Śŝ�ŚƷƹźŝŚĭ�ŵŹřŵ�ŚƸ���
Ʋƿř� źŝ� ƵƹǈƗ�ƾƯ� ƱŚƄƳ� ƾƿřźŰƇ� šřŶƷŚƄƯ��Ƶŵƺţ� ƶĩ� ŶƷŵ��ƾƿƹźŝŚĭ� ƽŚƷ

� ƶŝ� ƾſŹźŝ� ŵŹƺƯƵŵƺţ� šŹƺƇ�ŻřƺƯ� ƽŶƳƹŹ� Śŝ� ƵŶǀƄĩ� ƽŚƷƽ�ŵřŶŤƯř� Śŝ�
ǀƳƺĭźĭŵ� Źŵ� ÅľŚƟźƇ� �ƱŚŝżǀƯ� ƽŚƸǀƳƺĭźĭŵ� ƾĭŹřƺĭźŝƵŶƃ� ƢƿŹżţ� ŚƸ��ŶƳř�

� ƽŚƸĮƴſŝŚĭźƄŴŝ� Źŵ� ƾƿƹƶǀƃŚů� ƽŚƸ�Ƶŵƺţ� ƽř�ƹźŝŚĭ� ƽŚƷ�ƾŤǀƳƺƬǀƯ� �ƾƿ
ƵŶƃ�ŤǀƳƺƬǀƯ� Ʋƿř� ƾĭŹřƺĭźŝ� ƹ� ŶƳřĩ� żǀƳ� ŚƸ�ŶƳƹŹ� šřŻřƺƯ� ƶŝ� Ƃǀŝ� ƹ� Ʈ

ǀƳƺĭźĭŵ� ƾĭŹřƺĭźŝ� ƾƴƘƿ� ŚƸNW-SEŵŹřŵ� Źřźƣ� �Ʒřƺƃ� Śŝ� řŸƫ�ŵƺūƺƯ� Ŷ
ƾƯ�ǀƳ�řŹ�ƩŚưŤůř�Ʋƿř�ƱřƺţŢſř�ƲĪưƯ�ƶĩ�ŢƟźĭ�źƔƳŹŵ�żƵŵƺţ���ƾƿƹźŝŚĭ�ƽŚƷ

ƾưƿŶƣ� �ƾſŹźŝ� ŵŹƺƯ�Įƴſ� Żř� źţŚƸƽƳŚƄƠƄţō�ƾƿř� ƹ� ŶƴƃŚŝ� ũƹō� źŤųŚŝ��Ʋ
ƮƷ� ŚƷƹźŝŚĭ�ƶǀůŚƳ�ƾƳƺĭźĭŵ� ŻŚƟ� Śŝ� ƱŚƯŻ�ūŹŵ�ƽřƿƹŻƹżƯ�ƞǀƘƋ� ƶŹŵ�Ĩǀ�
�ƽŚƸĮƴſƱŚŝżǀƯ�ƾƳƺĭźĭŵ�ƵŶƃ�ƢƿŹżţ�ŶƴƃŚŝ� ��Ʋƿř�šŚŞŧř� Śƿ�ŵŹ��ƩŚů�źƷ�ƶŝ

Ƶŵřŵ�ƶŝ�ŻŚǀƳ�ƶǀƋźƟ�ŚƷƽŬƴſ�Ʋſ�ƾěƺţƹżƿř�ƾŵŹřŵ���ƿř�Śŝŵƺūƹ�Ʋ��šŹƺƇ�Źŵ�
ƺţ�Ʋƿř�śŚƀŤƳř�ƁźƿŸěƵŵ�ƁźƿŸě�ƹ�ƽźǀƃźţ�ƮƀǀţŚưĭŚƯ�ƶŝ�ŚƷƮƷ���ŷƺƠƳ�ƾƳŚƯŻ

ŵ�ƪǀĪƄţ� Śŝ� ŚƸƳōƿĮź�ƽŚƸĮƴſ�� ŶƿŚŝ� �ƶƤƐƴƯ�ƽŷƺƠƳ� ƹ�ƾƳŚƄƠƄţō�ŢƠĭ�ƶĩ
ŚƷƹźŝŚĭƽƶƘƫŚƐƯ� ŵŹƺƯ��ưŤůř��Żř� ƾƃŚƳ� ƾƘƋƺƯ� ƾƄƄĩ� ƢƏŚƴƯ� Źŵ� ľǇŚ

ƄƳřŹƹźƟ�ƽŹŚƄƟ�ƎǀŰƯ�Ĩƿ�ƽǇŚŝ�Źŵ�ƾƬƀĭ�šŚĩźůƾƵŶƯō�ŵƺūƹ�ƶŝ��ŶƳř���
��
Ò���ŚƷƹźŝŚĭ�ƵŚĮŤſŚų��

ƽŚƸǀĭĦƿƹ�źĮƿŵ�Żř�ŚƸƳō�ƶŝ�ƶƘƫŚƐƯ�Ʋƿř�Źŵ�ƶĩ�ƾƿŚǀưǀƃƺŗĥ�ƶūƺţ�ƵŶƃ���ƶǀůŚƳ�
ŌŚƄƴƯƾƯ�ŦŰŝ� ŵŹƺƯ�ƽŚƷŚưĭŚƯ��ŶƃŚŝ� �ƾƯ�ƅƺƈų�Ʋƿř� Źŵ��ŵŹřƺƯ� ƶŝ� Ʊřƺţ
źƿŻƃř�Ś�ƵŹźƧŵ���
ƞƫř��ƶŝ�ƶǀƫƹř�ƽŚƷŚưĭŚƯ�ƾƬĩ�ŹƺƏ�řƽƳŚĩ�Śŝ�ƩŵŚƘţ�Źŵ�ƶĩ�ƾ�ſŚƴƃƾ�ƆųŚƃ�

ƶŤƃƺĭ� ƹř� ƾƿǇŚŝ��řƹ� Ʋƿƺǀƫ+� ƲƀĩƹźǀěƺţŹř� �� ŢƳŹŚĭ� �ƪƴǀĜſř� ��Źřźƣ
�źƿŵŚƤƯ�ƽřŹřŵ�ŶƿŚŝ��ŶƳŹřŵ= MgO/(MgO+FeO)�Mgƿ��ƮƿżǀƴƯ�ŵŶƗ�Ś

ǇŚŝ�ì�å� �Mg��NiǇŚŝ��ppm�êåå�æéåå!��CrŵŚƿŻ��ppm�æååå!���
ƹŹřŶƤƯ��2�SiO��Żř�źŤưĩêå��ŶƴƃŚŝ��ƽŻŚŝ�ƽŚưĭŚƯ�źĭř��ƩŚů�Ʋƿř�Śŝ�ƽŚū�ƶŝ�

ƄƴƯ�ƢƏŚƴƯ� Żř�ƽŵŚƗ� ƶŤƃƺĭ�Ĩƿ� Żř� ƱŶƃ�ƢŤƄƯ� ŌŚ�ƵŶƃ�ƢŤƄƯ� ƵżǀţŚƯƺſŚŤƯ
Ţƃřŵ�ŶƴƷřƺŴƳ� ŵźŝŹŚĩ� źĮƿŵ� ŚƷŹŚǀƘƯ�Ʋƿř� �ŶƴƃŚŝ��(Wilson, 1989� ��ƮƷ
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(E-MORB and N-MORB= Enriched and Normal Mid
Oceanic Ridge Basaltd, HIMU= a source with a

high 238U/204�Pb,EM= Enriched Mantle)
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ƽŹŚĮƴŝŚŤƧ��
Ɲ��ŻřźƟźſ�ő���æèìé���Ĭƴſ�ƾưǀƃƺŗĥ�ƹ�ƾƟřźĭƹźŤě���ũƹō�ƶƤƐƴƯ�ƲƿŹŷō�ƽŚƷ��Ʋƿƹżƣ��ƵŚĮƄƳřŵ��ŶƃŹř�ƾſŚƴƃŹŚĩ�ƶƯŚƳ�ƱŚƿŚě���ƮƬƘƯ�Ţǀŝźţ���

ŭ��ƽźƿŻƹ�ƲǀƘƯ���æèìê�ƶģŚŞƿŵ����ƮƬƘƯ�Ţǀŝźţ�ƵŚĮƄƳřŵ�šřŹŚƄŤƳř��Ʊřźƿř�ƮƀǀţŚưĭŚƯ�źŝ�ƽřééåƶŰƠƇ����
ŭ��ƽźƿŻƹ�ƲǀƘƯ���æèíè�Ʊřźƿř�ƾƿŚưĭŚƯƺƳƺŤƨţ�ƶĤŴƿŹŚţ�Źŵ�ƞƐƗ�ƶƐƤƳ�Ŷƴģ����ƵŹŚưƃ��ƮƷŵŻŚƿ�ƩŚſ�ƲǀƯŻ�ƭƺƬƗ�ƶƯŚƴƬƈƟÑÖ�ÒÍ���
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