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Abstract 
      The oil of Asmari reservoirs in three oilfields in the southern Dezful Embayment comprising Parsi, Pazanan and Rag-e 
safid oilfields were investigated. Preliminary analyses consisting removal of asphaltene and fraction separation (saturate, 
aromatic, resin and asphaltene) were conducted on selected samples by column chromatography. Results indicate the 
dominance of saturate components in the studied oils of Parsi and Pazanan oilfields, while aromatic components dominate in 
the studied oil of Rag-e safid oilfield. Subsequently, normal alkanes and isoprenoids were evaluated by Gas Chromatography 
(GC), revealing a reducing environment of deposition for the source sediment. Ratio of Pri/nC17 and Phy/nC18 indicate a high 
thermal maturity unaffected by biodegradation processes. The ratios also indicate that the Asmari oils of the studied oilfields 
were generated from type II organic matter deposited in a marine environment. Evaluating C27, C28 and C29 stranes and 
hopanes carried out by Gas Chromatography-Mass Spectrometry (GC-MS). The most important result is that the studied oils 
have shown Oleanane biomarker in their hopanograms, hence proposing their source rock to be deposited in the Late 
Cretaceous or younger than it (Pabdeh formation). The Carbon Preference Index (CPI) of around one, high percentage of Ts 
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and Tm hopanes and absence of moretane biomarker, all indicate the high thermal maturity of the studied oils. It can be 
concluded that the oilfields in south part of Dezful Embayment have similar origin, depositional environment and hence have 
an identical oil family.  
 
Keywords: Oil-Oil Correlation ,Biomarker, Asmari Reservoir ,Southern Dezful Embayment, Gas Chromatography - Mass 
Spectrometry 
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ŚƷźĮƳŚƄƳ�ŢƀƿŻŞǀƧźţ��ƾƫō�ƽŚƸ�ƭŚų�ƽŚƸŤƠƳ�ƹ�ŚƸĮƴſ��šŚŝƺſŹ�Źŵ�ŵƺūƺƯ�

ŶƴŤƀƷƾƯ� řŹ� ŚƸƳō� �ƾƫƺƨƫƺƯ� ŹŚŤųŚſ� ƹ�ƪƨƃ� ƶƧ��� ƶŝ� ƱřƺţšřŵƺūƺƯ�ƵŶƳŻ�
Ŷǀƫƺţ�ŵřŵ�ƮǀưƘţ� ŚƸƳō� şŶƴƴƧ� �ƮƸƯ��ƲƿźţźĮƳŚƄƳ�ŢƀƿŻ�ŵŹƺƯ�ƽŚƷ�Źŵ� ƵŵŚƠŤſř�

ƺƳźěƹżƿř� �ƩŚºƯźƳ� ƽŚƸƳŚºƨƫō� ƾŤƠƳ� šŚƘƫŚƐƯƿ�ƹ� ƱŚŤƀƿźě� ƱƺĤưƷ� ƾƿŚƷŶǀ
ƽŚƸƳřźŤſř� �ŚºƸƳŚºěźţ� �ƱŚŤºǀƟ��Ñ� ƹ�ÒƶƤƬů���ŚƸƴƿźǀƟźě� ƹ� ŚƸƴţƹŹŚƧ� �ƽř

ŶƴŤƀƷ�Hunt, 1996��������
�ƽŚƸƴŝźƧƹŹŶǀƷ�ƩŚƯźƳ�ƽŚƸƳŚƨƫōźǀſ�ƮǀƤŤƀƯ�ƵźǀŬƳŻ�ƽřŹřŵ� ƵŶƃ�ŶƴŤƀƷ� ��Żř
ƯźƳ� ƽŚƸƳŚƨƫō� ŵřŶƘţ� ƶƧ� ŚŬƳō� ŵƹŶŰƯ� ľŚŞƿźƤţ� ƩŚŢſř��n=1-80���řŸƫ�

ŢƠƳ�Źŵ�ŚƸƳō�ƦǀƨƠţ�ƹ�ƆǀŴƄţ��ƶŝ�ŢŞƀƳ�ƭŚųźĮƿŵƱŚſō��ŚƸƴŝźƧƹŹŶǀƷ���źţ
Ƣǀƣŵ� ƹ�Ţſř� � źţ� �ŵźƟ� ƹ�ũƹŻ�ƩŚƯźƳ�ƽŚƸƳŚƨƫō�ƾƯ��� ƱřƺƴƗ� ƶŝ� ŶƴƳřƺţ�ŢƀƿŻ
źĮƳŚƄƳŝ�� ƶƶŤƟźĭ� ŹŚƧ�ŶƳźǀĭ� Źřźƣ� ƵŵŚƠŤſř� ŵŹƺƯ�ƾŤƠƳ�šŚƘƫŚƐƯ� Źŵ� ƹ� ƵŶƃ��
ƺƳźěƹżƿřƿ�Żř�ŚƷŶǀƄƳ�ŢƀƿŻĮƳŚŤųŚſ�ƽřŹřŵ�ƽŚƷźŹŚ�ƱŚƷŚǀĭ�Żř�ƶƧ�Ƶŵƺŝ�ƾƐų�

ƾƯ�šŐƄƳ� ŚƸƿźŤƧŚŝ� ƹ�ŶƳźǀĭ� �Ʋƿř�� Śƿ�Ʀƿ� Żř� ŚƸƫƺƨƫƺƯŶƴģ�Ʊźěƹżƿř� Ŷůřƹ�
� ƪǀƨƄţƵŶƃ�ŶƳř��� ƽŚƸƴŝźƧƹŹŶǀƷźǀſƵŶƃ��ƱŚŤǀƟ� ƹ� ƱŚŤƀƿźě�ƮƸƯ� Żř��Ʋƿźţ
ƺƳźěƹżƿřƿƄƴƯ�ƽŚƸĮƴſ� ƹ� ƭŚų�ŢƠƳ� Źŵ� ŵƺūƺƯ�ƽƺƤƬůźǀƛ�ƽŚƷŶǀŐ�ƴŤƀƷŶ��

� Żř� ŚƸƳŚěźţŢƀƿŻ�źĮƳŚƄƳŤųŚſ� ƽřŹřŵ� ƽŚƷŹŚ�ƹ� Ƶŵƺŝ� ƽƺƤƬů� ƾƫƺƨƫƺƯ�
ƶƤƬů� ŵřŶƘţ� ŽŚſřźŝ�ŝ� ƲŝźƧ� ƽŚƷ� ƶŹŵ� ƶŤƟŹ� ŹŚƧŹŚŤųŚſŤƬƨſř�ŚƸƳō� ƾ�ƶŝ�

ƶŤſŵ�ƮǀƀƤţ�ƾƠƬŤŴƯ�ƽŚƷ�ƾƯ�ƽŶƴŝ�ŶƳƺƃ��ƽźţ��ƶƧ� ŚƸƳŚěźţźĮƳŚƄƳ�ŢƀƿŻ�ƽŚƷ
ÒƶƤƬů��� Śŝ�ƽřÏÔ�Śţ�ÐÒƾƯ�ƲŝźƧ�Ʈţř��ŶƴƃŚŝ�ƾƯ�Źřźƣ� ŚƸƳŚěźţ�şźƯŻ�Źŵ���ŶƳźǀĭ
�Hunt, 1996�� �ǀŘƫřƽźţ� Ʀƿ� ƱŚƴ�� ƱŚěźţÐÍ�šŚƤŤƄƯ� Żř� ƹ� Ƶŵƺŝ� ƾƴŝźƧ�

ŠſŚţźƧ�Żř�ŚƸƯźĜſƺƿĦƳō�ƶƨƳō�ƪǀƫŵ�ƶŝ�ƹ�Ţſř�ƽźǀƀƯźĭ�ƾůřƺƳ�ƭźĜſƺƿĦƳō��
ƲǀƀěƵŶƃ� źƷŚƓ�ƲǀƯŻ�ŮƐſ� Źŵ��ŶƳř�řŸƫ��ƶƳƺưƳ� Źŵ�ƱŚƴǀŘƫř� Źƺƌů��ƾŤƠƳ�ƽŚƷ

� źĮƳŚǀŝ�ƄƴƯ�ĬƴſŐƶſŚţźƧ� ƲſŚŝ��Ʋǀƀě�Ţſř� ƽźǀƃźţ� Śƿ��Peters & 

Moldowan, 1993�� �ƸƳŚěƺƷƽźţ� �Ś��ŢǀƫŚƘƟ� Żř� ƶƧ� ŶƴŤƀƷ� ƾƿŚƸƳŚěźţ
� ŚƸƿźŤƧŚŝƾƯ� ŵƺūƹ� ƶŝ�Ŷƴƿō� �� ƽŚƸƳŚěƺƷTs

�� ƹTm�� Śŝ�ÏÔƲŝźƧ� Ʈţř���Żř�
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� ƲǀǀƘţ� Źŵ� ƮƸƯ� ƽŚƷźŤƯřŹŚěƾƿŚƯźĭ� ƂſŹ� ƾƫō� ŵřƺƯ�ƾƯ� ŹŚưƃ� ƶŝ�ŶƳƹŹ��
ŚƸƳŚƨƫō� Ɩƣřƹ� Źŵ� ŚƸƳřźŤſřƽƺƤƬů� ƽ� Śŝ�ÑŤųŚſ� ƶƧ� ŶƴŤƀƷ� ƾƴŝźƧ� ƶƤƬů�ŹŚ�

ƹźŤſřƿ�ƽŶǀŶƳŹřŵ���ƪƯŚƃ�ŚƸƳřźŤſřÎÖ�Śţ�ÐÍ�ƱŚƷŚǀĭ�Ǝſƺţ�ƹ�Ƶŵƺŝ�ƲŝźƧ�Ʈţř�
�ŚƸƨŞƬū�ƹƾƯ�Ŷǀƫƺţ�ŶƳƺƃ���żƳĥŚţŚƧ�ƹ�żƳĥŚƿŵ�ƪůřźƯ�Źŵ�ƶƧ�ŚƸƴƿźǀƟźě�ƲǀƴĤưƷ

ŤųŚſ� šřźǀǀƜţ� ŻřƽŹŚƾƯ� ƪƇŚů� ƪǀƟƹźƬƧ��ƴţƹŹŚƧ� ŹŚƴƧ� Źŵ� ŶƳŵźĭŚƸ�Żř�
ƮƸƯ�� ƲƿźţźĮƳŚƄƳ�ŢƀƿŻ�ƭŚų�ƽŚƸŤºƠƳ�ƾƨºǀţŚƯƹŹō�ƂŴŝ� Źŵ� ŵƺūƺºƯ�ƽŚƷ

ƾƯ�ŹŚưƃ�ƶŝ�Ŷƴƿō��Hunt, 1996�������
��

ƶƘƫŚƐƯ�ƁƹŹ��
ƾſŹźŝ� Ʋƿř� Źŵ�� şŹŚưƃ� ƽŚƸƷŚģ� Żř�ÑÓ�ƾſŹŚě���PR-46�� �ÓÔ��ƱŚƳŻŚě��

�PZ-67��� ƹÓÕ���īŹ��� ŶǀƠſ�RS-68�ƶƳƺưƳ���ƽŹřŵźŝŶƃ� ŵŹƺƯ� ƹ�ƶƿżŬţ�
ŶƴŤƟźĭ�Źřźƣ��ƶƳƺưƳ�ƪŰƯ�ƶƧ�Ţſř�ŮǀƋƺţ�ƶŝ�ƭŻǇ�źſ�źǀƃ��ƽŹřŵźŝ��ƵŚģŢſř�

ƶƳƺưƳ�ƾƿŚǀưǀƃ�ŜǀƧźţ�Śţ�ŶƃŚŝ�ƦƿŵżƳ�ƾƳżŴƯ�Ǝƿřźƃ�ƶŝ�ŚƷ�Ʋƿř�ƶŝ�ƶūƺţ�Śŝ��
� ŠƿŚě� źŝ� ƶƘƫŚƐƯ� Ʋƿř� ŽŚſř� ƶƧźĮƳŚƄƳ� ŢƀƿŻ�Ōżū� Źŵ� ŵƺūƺƯ� ƽŚƷ

ŝźƧƹŹŶǀƷƴ�ƾ� ƵŶƃ�źǀſƵŵƺŝ� ŹřƺŤſř�ƾƯ� řŸƫ����ŢƀƿŚŝ�ƂŴŝ� Żř� ŹƺƧŸƯźĮƿŵ�
řżūřƽƶƳƺưƳ��� řŶū� ƾŤƠƳ� ƽŚƷŵƺƃ�Ǝſƺţ� ƽŶƘŝ� ƪůřźƯ� Źŵ� žĜſ� ƹ�
ƶƿżŬţ��ƽŚƷGC�� ƹGC-MS�ŵźǀĭ� Źřźƣ� ƾſŹźŝ� ŵŹƺƯ� �� ƶǀƸţ� ƶƯŶƤƯƂŴŝ�

ƺŝźƧƹŹŶǀƷƳ�ƾƵŶƃ�źǀſŤƫŚƠſō�ŠƬůźƯ��ǀƲ��ƽźǀĭŢſř��Ʀƿ��ŹƺƔƴƯ�ƲǀưƷ�ƶŝ�
ƶƳƺưƳ�źƷ�Żř�ƭźĭ��Ʊō�ƲǀŤƫŚƠſō�ƂŴŝ��ƩŚƯźƳ�ƱŚŤĜƷ�ƦưƧ�ƶŝ�ƹ�śŚŴŤƳř�ƾŤƠƳ�

�ŶƇŹŵ�šŹƺƇ� ƶŝ� Ʊō� ŹřŶƤƯ� �ƵŶƃ� řŶū�ŜǀƧźţ� ƲƿŻƺţ� Żř�žě� �Ŷƃ� řŶū
Ŷƿŵźĭ�ƱŚǀŝ�ƾƳŻƹ�ƾƟřźĭƺţŚƯƹźƧ�ƁƹŹ�Żř�ƵŵŚƠŤſř�Śŝ�ŶƘŝ�ŠƬůźƯ�Źŵ���Śŝ�ƾƳƺŤſ

ƧŚſ�ŻŚƟ�ƩĥŚƨǀƬǀſ�ƹ�ŚƴǀƯƺƫō�Ʋ�Î�Î��ƱřżĮƷ�ƽŚƸƫǈů�Żř�ƵŵŚƠŤſř�Śŝ�ƹ���ƩŚƯźƳ�
�Ŝǀţźţ� ƶŝ�ƩƺƳŚŤƯ�ƹ�ƱżƴŝšŚŞǀƧźţ�ƵŶƃ�źǀſƲƿŻŹ�ƹ�ƦǀţŚƯƹŹō� ���ƦǀƨƠţ�

ƵŶƃ� Ōżū� ƶŝ� ŌżūƖưū� Żř�žě� ƹ���šŹƺƇ� ƶŝ�ƂŴŝ� źƷ� ƲƿŻƺţ� ƹ� ƽŹƹō
Ŷƃ� ƶŞſŚŰƯ� ŚƸƳō� ƾƳŻƹ� ŶƇŹŵ� �ƶƳŚĭřŶū� �� ƦưƧ� ƶŝ�ƶƿżŬţ

ƾƟřźĭƺţŚƯƹźƧ�ƧƹŹŶǀƷ� �ƽŻŚĭŝźƴƱŚƨƫō� ƽŚƸ�ƺƳźěƹżƿř� ƹ� ƩŚƯźƳ�ƿ�ƽŚƷŶǀ
ŶƳŶƃ�ƾƿŚſŚƴƃ�ƱŚŤǀƟ�ƹ�ƱŚŤƀƿźě��Źŵ�ƾƳŚƿŚě�ŠƬůźƯ�ŝźƧƹŹŶǀƷ�ŠƗƺưŬƯ�ƴ�ƽŚƸ

� ƽƹŚů� ƶƧ� ƵŶƄƳ� śŸūźĮƳŚƄƳ� ŢƀƿŻƹ� ƱŚěƺƷ� ƽŚƷ�ŶƳŵƺŝ� ƱřźŤſř�ŝ� Śŝ��ƶ
ŹŚƧ�ƽźǀĭƁƹŹ�ƾƟřźĭƺţŚƯƹźƧ��� ƽŻŚĭ�ƞǀƏ��ƾŬƴſ�� ƾƯźū�GC-MS��

ŶƴŤƟźĭ� Źřźƣ� ƾƿŚſŚƴƃ� ŵŹƺƯ� �ƬůźƯ� Ʋƿř� Źŵ�Ţƀƨƃ� ŽŚſř� źŝ� ŚƸƳřźŤſř� ƶ
ŤųŚſŹŚ�Ʊƺƿ� ƭźū�ƶƿŚě�źŝ�ƾƫƺƨƫƺƯ�ÏÎÔ�M/z��Ţƀƨƃ�ŽŚſř�źŝ� ŚƸƳŚěƺƷ�ƹ
ŤųŚſŹŚźŝ�ƾƫƺƨƫƺƯ���ƵĦƿƹ�Ʊƺƿ�ƭźū�ƶƿŚěÎÖÎ�M/z�ƆŴƄƯ�ŶƃŶƳ��ƩƹŶūÎ�

ƾƯ�ƱŚƄƳ�řŹ�ƂƿŚƯŻō�ŵŹƺƯ�ƽŚƸŤƠƳ�ƾƿŚǀưǀƃƺŗĥ�ƽŚƸǀĭĦƿƹ�ŶƷŵ���
��

ƶŬǀŤƳ�ƹ�ŦŰŝ�ƽźǀĭ��
ŪƿŚŤƳ�ŠƬůźƯ�ƲŤƫŚƠſō�źĭƺţŚƯƹźƧ� ƹ� ƽźǀĭƾƟř��ƾŝŚǀŤſŵ� ƶŝ� ƶƧ� ƾƳƺŤſ

�ƽŚƸŞǀƧźţŝźƧƹŹŶǀƷ�ƞƬŤŴƯƴƶƳƺưƳ�Źŵ�ŵƺūƺƯ�ƾ��Źŵ��Ŷƃ�ƾƸŤƴƯ�ƾŤƠƳ�ƽŚƷ

ƩƹŶūÎ�ƪƨƃ�ƹÏ��ƵŶƃ�ƵŵŹƹō�Ţſř��ƶƳƺưƳ�Źŵ��ƾŤƠƳ�ƽŚƷ�źǀſ�ƱŚƳŻŚě�ƹ�ƾſŹŚě
ƵŶƃ��Ʊō�Żř�žě�ƹ�Ƶŵřŵ�ƅŚƈŤųř�ŵƺų�ƶŝ�řŹ�ƲŝźƧƹŹŶǀƷ�ƂŴŝ�ƲƿźŤƄǀŝ��ŚƷ

ƶŤƟźĭŹřźƣ� ƲƿŻŹ� ƹ� ƦǀţŚƯƹŹō� ƽŚƸƴŝźƧƹŹŶǀƷ�řŶƳ� ��ƾƳřƹřźƟ� ƶŝ� ƶūƺţ� Śŝ
ƶƳƺưƳ� Ʋƿř� ƽŻŚĭ� ƭřźĭƺţŚƯƹźƧ� Źŵ�ƦŞſ� ƩŚƯźƳ�ƽŚƸƳŚƨƫō�� ŚƷ�� ƪƨƃÐ� ��ƹ

API��ƽǇŚŝÐÍ�ƶŝ�ƾƴǀƟřŹŚě�ƦŞſ�ŢƠƳ�Ʀƿ�ŹƺƧŸƯ�ƽŚƸŤƠƳ��ŚƸƳō�ƽřźŝ�ƶūŹŵ�
ƾƯ� ŹŚưƃ�ŶƳƹŹ� �īŹ� ƾŤƠƳ� ŠƳƺưƳ� Źŵ��Ōżū� ƲƿźŤƄǀŝ� ŚƸƨǀţŚƯƹŹō� ŶǀƠſ

ƾƯ�ƪƯŚƃ�řŹ�ƲŝźƧƹŹŶǀƷ��ǇŚŝ�ƲǀŤƫŚƠſō�ƱřżǀƯ��ŶƳƺƃ�ŠūŹŵ�API��ƲǀƿŚěÐÍ�ƹ�
ƶƳƺưƳ� Ʋƿř� ƽŻŚĭ� ƭřźĭƺţŚƯƹźƧ� Źŵ� ƦŞſ� ƩŚƯźƳ� ƽŚƸƳŚƨƫō� ƮƧ� ƾƳřƹřźƟ��

��ƪƨƃÑ�ƾƯ�ŵŚƸƴƄǀě�Ʊō�ƽřźŝ� řŹ�ƎſƺŤƯ�ƾƨǀţŚƯƹŹō�ŢƠƳ�Ʀƿ� ��ŶƴƧ� ��Źŵ
ƭřźĭƺţŚƯƹźƧ��ƾŤƠƳ�ƲƿŵŚǀƯ�ƽŻŚĭīŹ�ƹ�ƱŚƳŻŚě��ƾſŹŚě�ŶǀƠſ�ƖƿŻƺţ�ƲƿźŤƄǀŝ�

�ƩŚƯźƳ�ƽŚƸƳŚƨƫō���Żř�C16-C22�ƾƯ�ƵŶƷŚƄƯ�ƳŶƃŶ���ŵŹƺƯ�ƽŚƸŤƠƳ�ŽŚſř�Ʋƿř�źŝ
ƢŤƄƯ� ƾſŹźŝƵŶƃ�� ƱřżǀƯ� Śŝƹ� ƾƿŚƿŹŵ� ƱŚƷŚǀĭ� Żř�ƂſŹ�ƾŝŚƿŻŹř� ǇŚŝ�

ƾƯ�ŶƳŵźĭ� �ƺƳźěƹżƿř� ŢŞƀƳƿŶǀ�� ƽŚƷPri/Phy�ƶƳƺưƳ� ƾƯŚưţ� Źŵ��ŵŹƺƯ� ƽŚƷ
�Ǝƿřźƃ�ƶƧ�Ţſř�Ʀƿ�Żř�źŤưƧ�ƾſŹźŝƵŶǀƷŚƧƄƴƯ�Ʊŵƺŝ�ƾƿŚƿŹŵ�ƹ�ŐƶƳƺưƳ���ŚƷ

ƾƯ�ƆŴƄƯ� řŹ�ƴƧŶ� �ƾƳřƹřźƟƺƳźěƹżƿř�ƿŚŤƀƿźě� ƽŚƷŶǀ�ƪŝŚƤƯ� Źŵ� ƱŚŤǀƟ� ƹ� Ʊ
�ƾƴƘƿ� ƱŚƃŹřƺŬưƷ�ƩŚƯźƳ�ƽŚƸƳŚƨƫōC17�� ƹC18��ŮƐſ� źĮƳŚǀŝ� ƶƧ� Ƶŵƺŝ� ƮƧ

ƾƿŚƯźĭ�ƂſŹƶƳƺưƳ�ƽřźŝ�ǇŚŝ��ƾƯ�ŹƺƧŸƯ�ƽŚƷ�ŶƃŚŝ���ƶƧ�ŚƷźŤƯřŹŚě�Ʋƿř�źǀƀƠţ
ŝ� ƶ� ŹřŵƺưƳ�ƦưƧWaple(1985)�ƾƯ� ƭŚŬƳř�ƎǀŰƯ�Ʀƿ� ŵźƿŸě ƶţ��ŢƀƄƳ

� Ǝƿřźƃ� Źŵ� ƾƿŚƿŹŵ� šŚŝƺſŹ� ƵŶǀƷŚƧŹřǀƯ� ƽřźŝ�ŚƸƳřŶźƘƯ�ƾƯ� ƾƟ�ŶƴƧ�
�ƪƨƃÒ���ƶƳƺưƳ�ƾƯŚưţ�Źŵ�ƲǀƴĤưƷ�ƶƘƫŚƐƯ�ŵŹƺƯ�ƽŚƷ��ŠƿżŬţ�Żř�ƽźŧř��ŢƀƿŻ

ƾŤųŚƴƃƾưƳ� ƵŶƿŵ��ŵƺƃ� �ƪƨƃÓźŤƯřŹŚě�ŽŚſř� źŝ� ƶƧ��� ơƺƟ�ƽŚƷ� ƮſŹ�ƵŶƃ
Ţſř(Hunt, 1996)��ŜƬƐƯ�Ʋƿř�ŶƿŒƯ�ŢſřƶƳƺưƳ�ƶƧ��ƕƺƳ�ƱĥƹźƧ�Żř�ŚƷ²²�

ƶŤƟźĭ�šŐƄƳ�ŶƳř��ƶƳƺưƳ�ƭřźĭƺţŚƯƹźĭ�Śƿ�ƭřźĭƺŤƴưĭźƟ�Żř�ƽř�ūź�ƶŝ�ƍƺŝźƯ�ƾƯ
ƶƳƺưƳ� ƹ� ŚƸƳŚěƺƷ�ŢƔƬƛ�ŚƸƳřźŤſř� � ŢƔƬƛ� ƶŝ� ƍƺŝźƯ� ƭřźĭƺŤƴưĭźƟ� Żř� ƽřƽ�

ƶƳƺưƳ�ŝ�ƶƘƫŚƐƯ�ŵŹƺƯ�ƽŚƷ�ƶŹŵ�Ŝǀţźţ�ƽŚƸƬƨƃ�Ô�ƹ�ÕƵŶƃ�Ƶŵřŵ�ƱŚƄƳ��Ţſř��
ƱŚƴǀŘƫř� źĮƳŚƄƳ� ŢƀƿŻ� Źƺƌů��ŵŹƺƯ� ƾŤƠƳ� ŠƳƺưƳ� ƶſźƷ� ƭřźĭƺƳŚěƺƷ� Źŵ

ƮƸƯ� Żř�ƾƨƿ�ƂƿŚƯŻō�ƵŶƯō�Ţſŵ� ƶŝ�ŪƿŚŤƳ�Ʋƿźţ�Ĭƴſ�Ʋſ� ƶƧ�Ţſř�ŐƄƴƯ�
Ʊřƺū�Śƿ�ƹ�Ʋǀƀě�ŠſŚţźƧ�ƶƳƺưƳ�Ʋƿř�ƽřźŝ�řŹ�źţ�ƾƯ�ŵŚƸƴƄǀě�ŚƷ�ŶƴƧ���ŽŚſřźŝ�řŸƫ

ƶŬǀŤƳ�Ʋƿř�ƽźǀĭ�ƶƤƐƴƯ�Źŵ�ƵŶŝŚě�ƹ�ƾěŹƺĭ�ƽŚƷŶƳŻŚſ��ƄƴƯ�Ĭƴſ�Ő�ƾƫŚưŤůř�
� ŵƺŝ� ŶƴƷřƺųƶƧ� ŚŬƳō� Żř� ŚƯřƢŞƏ� �ƶŤƃŸĭ� Źŵ� ƶŤƟźĭ� šŹƺƇ� šŚƘƫŚƐƯ

(Bordinave, 2002)�� ƲŤƃřŵ� ƪǀƫŵ� ƶŝ� ƾěŹƺĭ� ŶƳŻŚſTOC�ƲǀƿŚě�
ƾưƳ�ƄƴƯ�Ĭƴſ� ŶƳřƺţŐŶƃŚŝ� ƶƤƐƴƯ� Źŵ� ƾŞſŚƴƯ���ƱřƺƴƗ� ƶŝ� ƵŶŝŚě� ŶƳŻŚſ� řŸƫ�

ƄƴƯ�ĬƴſŐƾƯ� ŵŚƸƴƄǀě� ƾſŹźŝ� ŵŹƺƯ� ƽŚƸŤƠƳ��ŵƺƃ�ŜƬƐƯ� Ʋƿř� ƶŤŞƫř� ƶƧ�ƶŝ�
�ŻŚǀƳ�ƽźŤƄǀŝ�ƾſŹźŝŵŹřŵ��� ƶŝ�ƶūƺţ� ŚŝƾƳřƹřźƟ�ƽŚƸƳřźŤſř�C27ˬ�C28�ƹ�C29�

ƶƳƺưƳ�� ƩƹŶū� Źŵ� ƶƧ�ƾŤƠƳ� ƽŚƷÎ�ƵŵŹƹō��Śƿŵ� Żř� ƵŵŚƠŤſř� Śŝ� ƹ� ƵŶƃ�ƽŚƸƯřźĭ
�ŚƸƳřźŤſř�ƾŨƬŨƯ��ƪƨƃÖ���Hunt, 1996�ƄƴƯ�Ʀƿ��ŐƾŝǇƺƧ���ƽřźŝ�ƾƿŚƿŹŵ�
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�ŵŚƸƴƄǀě�ŚƸŤƠƳ�ƲƿřƃŶ��ƺƳźěƹżƿř�ŢŞƀƳ�ƶŝ�ƶūƺţ�ŚŝǀƿŶ�ƽŚƷ�Pri/Phy�ƪŝŚƤƯŹŵ�
ƽŚƸƳřźţ�C29/C27ƶƏƺŝźƯ� ŹřŵƺưƳ� Żř� ƵŵŚƠŤſř� ƹ��ƪƨƃÎÍ� ��Hunt,1996���

ƾƯ�źƔƳ�ƶŝ�ƄƴƯ�Ĭƴſ�ƶƧ�ŶſŹŐ�Ǝƿřźƃ�Źŵ�ŚƸŤƠƳ�Ʋƿř�ŶƴƷŚƧƾĭ�ƽŚƸƨŞƬū�Żř�ƹ�
ƵŶƃ�ƢŤƄƯ�ƾƿŚƿŹŵ�ƾƯ�ŶǀƿŐţ�řŹ�ƾƬŞƣ�ŪƿŚŤƳ�ŵƺų�żǀƳ�źƯř�Ʋƿř�ƶƧ��ŶƿŚưƳ���ƾƳřƹřźƟ

ƶƳƺưƳ�Źŵ�ŚƸƳŚěƺƷ�ƪŝŚƤƯ�Źŵ�ŚƸƳřźŤſř��ŵŹƺƯ�ƾŤƠƳ�ƽŚƷƾſŹźŝƾƯ�Ʊō�ŶƿŒƯ���ŶƃŚŝ
ŶƴƿřźƟ�ƹ�ŚƸƿźŤƧŚŝ�ƶƧ��Ʋƿř�ƪǀƨƄţ�ŶƳƹŹ�Źŵ�ƾưƧ�ŹŚǀƀŝ�ƂƤƳ�ƾƿŚƿźŤƧŚŝ�ƽŚƷ

ƵŵźƧ� ŚƠƿř� ŚƸŤƠƳ�� ŶƳř�ƩƹŶūÎ��ƪƨƃ� ƶŝ� ƶūƺţ� Śŝ�Õ�ƽźſ� ŚƸŤƠƳ� Ʋƿř� Źŵ�
�Żř�ƾƫƹżƳ�ŶƳƹŹ�Ʀƿ� ŚƸƳŚěƺƷ�īƺƫƺưƷC31��ƝźƏ�ƶŝC35�ƾƯ�ƱŚƄƳ� řŹ��ŶƷŵ

ƱŚěƺƷƺưƷ�žƿŶƳř�ƂƷŚƧ�ŜūƺƯ� źƯř� Ʋƿř� ƶƧ��C31/C31-C35�� ��ƹ� ƵŶƃ
� ƶưǀƳ� ƎƿřźƃƵŶǀƷŚƧ ƄƴƯ� Ĭƴſ� ƪǀƨƄţ� ƽřźŝ� řŹŐƾƯ� ƱŚƄƳ��ŶƷŵ� ŵƺŞƳ�
�ƱŚěƺƷƺưƷC35�ŠƳŚƄƳ�żǀƳ�ƱřŹřŶƳŚū�żƿŹ�ŵƺŞƳƧƹźě�Ʋƿř�Ŷǀƫƺţ�ŶƳƹŹ�Źŵ�šƺƿŹŚ

ŚƸŤƠƳŢſ� �� ƱřźƀƯŚĭ�� �ƦƿC30 � �ƽźţ�ƱŚěźţ Ūƴě�ƶƤƬů�Ţſř�ƽř Peters, 

1993) �	 Moldowan��ƶƏƺŝźƯ�ƽŚƸƯřźĭƺƳŚěƺƷ�ƶƧ��Ʋƿř�ŢƔƬƛ��ŢƀƿŻ
źĮƳŚƄƳƶƳƺưƳ� Źŵ���ƩŚưŤůř� źƯř� Ʋƿř� ƹ� Ƶŵřŵ� ƱŚƄƳ� żǀģŚƳ� ŹŚǀƀŝ� řŹ� ƾŤƠƳ� ƽŚƷ

ƄƴƯ�Ĭƴſ�ƪǀƨƄţŐƐǀŰƯ�Źŵ� řŹ�ƂƿŚƯŻō�ŵŹƺƯ�ƽŚƸŤƠƳ� ��ƹ�ƽźǀŴŞţ�ƽŚƸ�źŝř
ƵŶƃ�źǀſ�ƦưƳ�Żř��(HypersalineƾƯ�ƾƠŤƴƯ����ŵŻŚſ���žƿŶƳř�źƿŵŚƤƯCPI�

��Ʀƿ�ƶŝ�ƦƿŵżƳźĮƳŚƄƳ�ŢƀƿŻ�ŵƺŞƳ�ƽŚƸƳŚěƺƷ�ƾƳřƹřźƟ�ƹ�ƱŚţŹƺƯ�Tm��ƹTs�
ƶƳƺưƳ�ƾƯŚưţ�Źŵ��šĈƺƣ�Śŝ��ƂƿŚƯŻō�ŵŹƺƯ�ƽŚƷƾƿŚƯźĭ�ƂſŹ�ŚƸŤƠƳ�Ʋƿř�ƽǇŚŝ�

ƾƯ�ŶǀƿŐţ�řŹ�ƴƧŶ��ƕƺưŬƯ�Źŵ�ƾƯ��ƶŬǀŤƳ�Ʋǀƴģ�Ʊřƺţ�ǀƯ�ƶƧ�ŢƟźĭƽŚƸƳřŶ�ƾŤƠƳ�
ƶƘƫŚƐƯ� ŵŹƺƯƄƴƯ� ƽřŹřŵ�Őƶţ� ƎǀŰƯ� ��ƳŶǀƫƺţ� ƾƫō� ŵřƺƯ� ŢƀƄ��ƹ� ŢƠƳ� ƵŶƴƴƧ

ƾƯ�ƱŚƀƨƿ��ƾŤƠƳ�şŵřƺƳŚų�ŶƴƃŚŝ����
��

ŵŚƸƴƄǀěŚƷ��
ſ� ƪƯŚƧ� ŢųŚƴƃ� ŢƸū� Źŵ� ƹ� ƶƘƫŚƐƯ� Ʋƿř� ƭŚŬƳř� ƽŚŤſřŹ� ŹŵƶƳŚƯŚ�Śƿ� ƹ�

ſƶƳŚƯŚ��ŵŚƸƴƄǀě� ƩƺƟŻŵ� ƾĭŵŚŤƟřƹźƟ� śƺƴū� ƂŴŝ� Źŵ� ŵƺūƺƯ� ƾŤƠƳ� ƽŚƷ
ƾƯ�ƺƃŹř� ŵǀƯ� Źŵ� ƽŹŚưſō� ƱżŴƯ� ŢƠƳ� ƾƿŚǀưǀƃƺŗĥ� ƍŚŞţƽŚƸƳřŶơƺƟ���Śŝ�
ĮƴſƽŚƸƄƴƯ�ŐƶƤƐƴƯ�Źŵ�ƾƫŚưŤůř���ƽŶƘŝ�ƭŚĭ�Źŵ�ƹ�ƶŤƟźĭ�Źřźƣ�ƾſŹźŝ�ŵŹƺƯ�

ŝźƧƹŹŶǀƷ�šźūŚƸƯ�źǀƀƯƴŚƸ�ƱŚưŤųŚſ�ƹ�ƾƬƘƟ�ƱŻŚŴƯ�Śţ�ƶƴǀģ�ƽŚƷ��ŵƺūƺƯ�ƽř
Ʋƿř�Źŵ�ŵƺƃ�ƆŴƄƯ�źǀƀƯ�ƶƬţ�šŹƺƇ�Ʋƿř�Źŵ�Śţ�ƶƴǀģ�ƾŤƠƳ�ƽŚƷ��żǀƳ�ƽřƱƹżƟř�
Ƭţ�źŝƶ�ŤųŚſ�ƽŚƷŹŚŶƴƿŚưƳ�řŶǀě�ƞƄƧ�ƱŚƨƯř�ƾƳƺƴƧ����
��

ƽŹřżĮſŚĜſ��
ƾƯ� ŵƺų� ŠƠǀƓƹ� ƶƫŚƤƯ� ƱŚĭŶƴƀƿƺƳ�ƲǀƯŻ� Ƶƹźĭ� ƽŚƸƿŹŚƨưƷ� Żř� ŶƴƳřŵ��ƾſŚƴƃ

ƲǀƯŻ� ƪƧ� ƵŹřŵř� �ŻřƺƷř� Ʊřźưģ� ŶǀƸƃ� ƵŚĮƄƳřŵ��ƢƏŚƴƯ�ŢƠƳ�ŢƧźƃ� ƾſŚƴƃ
ŢƠƳ��ŢƠƳ�ŢƘƴƇ� ƵŚĮƄƷƹĦě� ƾƫō�ƾưǀƃƺŗĥ� Ŷůřƹ� ƲǀƴĤưƷ� ƹ�śƺƴū� żǀų

řŹ�ƱŚƴŤƯř�ƹ�źƨƄţ�ƩŚưƧ��ŶƴƃŚŝ�ƶŤƃřŵ���
��

��

��

��

��

��

�ƩƹŶūÎ��ƶƳƺưƳ�ƾƿŚǀưǀƃƺŗĥ�ƽŚƸǀĭĦƿƹ��ƂƿŚƯŻō�ŵŹƺƯ�ƾŤƠƳ�ƽŚƷ��

��
Î�ŢŞƀƳ�˻̂C�ƶŝ�ƱŚěƺƷŹƺƳ�˼˹C���������ƱŚěƺƷÏ�ƱŚěƺƷƺưƷ�ŢŞƀƳ���ƽŚƷ˼̊C�˼̋C��������Ð��ŢŞƀƳ�˻̀C�ƶŝ�ƱřźŤſřŚƿŵ�˻̀C�����ƱřźŤſř�ƩŚƯźƳ����������Ñ��ŢŞƀƳ�˻̂C�ƶŝ�ƱřźŤſř�˻̀C�źƯƹżƿř�ƕƺƳŻř�ƱřźŤſř�R��
��

��

��

��

��

��

��

��
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��
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ƺƳźěƹżƿř�ŢŞƀƳ�ŽŚſř�źŝǀƿŶ�ƱŚŤǀƟ�ƹ�ƱŚŤƀƿźě�ƽŚƷ��ƶŝ�ŢŞƀƳ���������������������������������������������ƺƳźěƹżƿř�ŢŞƀƳ�ŽŚſř�źŝƿƱŚŤǀƟ�ƹ�ƱŚŤƀƿźě�ƽŚƷŶǀ���
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