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� �Abstract  
      Karaj Formation crops out in a very large area in Central Alborz. This formation is middle Eocene in age and mainly 
formed of green-tuffites and marine shales. According to field observation, this formation consists of heterogeneous 
assemblage of tuff, tuffite, various sedimentary rocks and some type of lava. 
Field data on depositional environment of Karaj volcaniclastic sequence indicate that some parts of this thick sequence in 
study area were mainly formed in a deep to semi-deep environment. Vertical and horizontal variations of facies and 
sedimentary structures such as graded bedding, slumping, convolute bedding, flute cast and � indicate that turbidity currents 
and mass flows have an essential role in the genesis of some parts of the Karaj Formation, being responsible for transporting 
of shallow depth (shelf) pyroclastic products. 
Submarine channels which filled by massive sediments and olistolites (F facies) are associated with upward thinning and 
fining sequences on their tops. Main part of shales of the Karaj Formation were formed as pelagic and hemipellagic shales (G 
facies), in northern parts of the study area. Upward thinning and thickening sequence, and also complete or incomplete Bouma 
sequences (A-E facies) are abundant in Karaj Formation. Collected data shows that Karaj Formation depositional environment 
is submarine fan. Data related to paleocurrent directions shows a south to northward one. 
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ƾƯ����������ƂºŴŝ�ƱŵƺºưƳ�ƆŴƄºƯ�Śŝ�ƶƐŝřŹ�Źŵ�Ʊřƺţ�������ƾŝƺºſŹ�ŠºƋƺů�ƞºƬŤŴƯ�ƽŚºƷ
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��ŢººƟźŝō�Ǝººſƺţ�ŵŹřƺººƯ�ƽŹŚǀƀººŝ�Źŵ�ƹ�ƶŤººƃřŶƳ�ŵżººƳƹźŝ�ƾŝƺººų�Ʋººƿř�ƶººŝ��ƽŚººƷ

ƳźţřƺƧźƵŶƃ�ƵŶǀƃƺě�ƽ�ŶƳř���
������Ɲƺţ�ƕřƺƳř��ǈěźǀƃ�Ţưſ�ƶŝ�ŶƴŝŹŵ�Żř����ƶƄǀƃ�ƹ�ƽŹƺƬŝ��ƾĮƴſ�ƽŚƷ���ƵřźºưƷ��ƽř

�ƵŻřŶĭ�Śŝ����������ŶºƳŹřŵ�ŵżºƳƹźŝ�ƽŶǀºſř�ƹ�Ǝſřƹ�Ŷů�ƽŚƷ���ºĭƵŻřŶ�������ƶºƤƐƴƯ�Ʋºƿř�ƽŚºƷ
źƠůƵ��ƽŚƷ��Vesicles��ƽŵŚƿŻ�ŶƳŹřŵźƠů�Ʋƿř�ƶƧ�Ƶ�ŚƷ�Śŝ���ƹ�ŢǀƀºƬƧ��ŢºƿźƬƧ�

��żţŹřƺƧ�ƽƺƳŚŧ���ƵŶƃ�źě�ŶƳř����������ƽřŹřŵ�ƶºƤƐƴƯ�Ʋƿř�Źŵ�ŚƷ�ƵŻřŶĭ�ƽřźŞŤºſ���ƽŵŚºƿŻ�
��������Ʋºƿř�ŶƿŚºƃ�ƶºƧ�ŶƴŤƀƷ�ƽřźŞŤºſ�������Żř�ƾºƃŚƳ�ŵŚºƿŻ��ƵŶºƳřŹ��Ŷºƃ�Ʊ��ƵŻřŶºĭ����ƽƹŹ�ŚºƷ

���ŶƃŚŝ�źĮƿŶưƷ���ƾƷŚƠƃ�ƽƺĮŤƠĭ��ƽƺƬƗ����řŶĭ�źŤƄǀŝƵŻ�����ŢƟŚŝ�ƶƤƐƴƯ�Ʋƿř�ƽŚƷ
��ƽźǀƟŹƺě�ŶºƳŹřŵ���Ɲƺºţ�����������ƶºƤƐƴƯ�Ʋºƿř�Źŵ�ŵƺºūƺƯ�ƽŚºƷ��ƽŹřƹōŹŷō�ƽŚºƸǀĭĦƿƹ�

ƶŤƃřŵ��������Źŵ�ƵŶƃ�ƵŶƷŚƄƯ�ƾŝƺſŹ�ƽŚƷŹŚŤųŚſ�ƹ�źĮƿŵ�������Źŵ�ũźºƧ�ŶƳŻŚºſ�ƢƏŚºƴƯ�
��ŚƸƳōƵŶƿŵ�ƾưƳ���ƺƃŵ��Ɲƺţ��������������ƹ�ƾŤǀƴǀƫƺŗŚºƧ��ƾƀºǀƬǀſ�ƽŶºů�Śºţ�ƶºƤƐƴƯ�Ʋƿř�ƽŚƷ

ŝ�Źŵ�ƹ�ƵŶƃ�ƾŤǀƀƿźſƾųź�żǀƳ�Ţƿźǀě�ŵŹřƺƯ�ŶƳŹřŵ���
��Iwao et al.(1965żƳĥřŹŚě�ƶŝ�ƶūƺţ�Śŝ�ƽ�ŶƴƳŚƯ���ŢºǀŞƫō��ŢƿźƬƧ��šƹŶǀěř�
Ʒźěǀƴ����������ƹ�ŢºǀƳƺƿŹƺưŤƳƺƯ��ŢºƿźƬƧ��ŢºǀŤƳƺƯƺƫ�Śºƿ�ƹ�Ţ�������ƶºƤƐƴƯ�Ʋºƿř�Źŵ����Żř�

ƶººǀůŚƳ�ƾƳƺººĭźĭŵ��ũźººƧ�ŶƳŻŚººſ�Źŵ�śō�Źƺƌººů�Źŵ�ƽřŦººŰŝƵŵźººƧ��ŶººƳř���Żř
���������ƪǀƃ�Ŷůřƹ�řŶŤŝř�Źŵ��ƩŚģƺţ�ƶƬƣ�Ţưſ�ƶŝ�ǈěźǀƃ�ƲƿźºƿŻ���Źŵ�ƶºƧ�ŵŹřŵ�ŵżºƳƹźŝ�

��Ʊō�����Śŝ�ƾŤƿźƫƹŵ�ƪǀſ�ƶſřźŞŤſ�����Ţſř�ƵŶƃ�ƢƿŹżţ�ƞƬŤŴƯ�ƽŚƷ��������ƶºƬƣ�Ţưºſ�ƶºŝ
ģƺţººººººººƪǀººƃ�Ŷººůřƹ�Żř�žººě�ƩŚ�ƲƿźººƿŻ��ƾƳŚººǀƯ�Ɲƺººţ�Ŷººůřƹ���Śººŝ�ƢŝŚººƐƯ

ƮǀƀƤţ��ƽŶƴŝ����ũźºƧ�ŶƳŻŚºſ��(Dedual,1967)��ŵŹřŵ�ŵżºƳƹźŝ�����Ŷºůřƹ�Ʋºƿř�Źŵ��
�Żř�ƾŝƹŚƴţ��������Źřŵ�ŵżºƳƹźŝ�ƪǀƃ�ƹ�ƾƟƺţ�Ĭƴſ�ƶſŚƯ�������Ĭƴºſ�ƶºſŚƯ�ƽǇ�ƶºŝǇ�ƶºƧ�ŵ
��ƾƟƺţƶƴǀģ��ŚƷ�źŞŤſ�ƽ�����ƾƯ�ƶūƺţ�ŜƬū�ƽŵřŶƯ�ƪǀƃ��ŶƴƧ�������Ʋºƿř�Źŵ�ƾƬƧŹƺºƏ�ƶºŝ

��������ƾƟƺţ�Ĭƴſ�ƶſŚƯ�Ŷůřƹ�ƵŶƗŚƣ�Źŵ��ƶƤƐƴƯ��ƾŬƿŹŶţ�ƽŶƴŝ�ƶƿǇ��ƾƯ�ƵŶƿŵ����ŵƺºƃ
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Ĭƴſ�����Ʋºƿř�şŶƴƷŵ�ƪǀƨƄţ�ƽŚƷ�ƾƫřƺºţ���ƾƳŚºƨƫƹ��ƾƳŚƄºƠƄţō��źŞŤºſ�ƽŹřƹō��Źŵ�

�ƶººƘƫŚƐƯ�ŵŹƺººƯ�ƵźŤƀººĭ���ěźǀººƃ�ƩŚưººƃ�º� ũźººƧ�ƩŚưººƃǈ��ƳŚƿźū�ƎººſƺţƽŚººƸ�
�ƶŤƠººƃō�Turbidity currents��ƽř�Ƶŵƺºººţ�ƹ��Mass flows��ƪǀƨƄºººţ�
ƵŶƃ�ŶƳř����ŝ�ƭŻǇ�ŚŬƴƿř�Źŵ��ƶ��������źºſřźſ�Źŵ�ƶºƋƺů�źºŝ�ƮƧŚů�Ǝƿřźƃ�ƶƧ�Ţſř�źƧŷ

����������ƾºưƳ�ƲƿřźŝŚºƴŝ�ƹ�ƵŵƺºŞƳ�ƱŚƀºƨƿ�ƶƋƺů�ƎǀŰƯ�������ƹ�ƾºƬƧ�ƽƺºĮƫř�Ʀºƿ�Śºŝ�Ʊřƺºţ
����������ŵźºƧ�ƽŻŚºſ�ƩŶƯ�řŹ�ũźƧ�ŶƳŻŚſ�ƪǀƨƄţ�Ǝƿřźƃ�ƱŚƀƨƿ����ƽƺºĮŤƠĭ��ƾƯŚºƯř

ƾƷŚƠƃ�������ŚŬƴƿř�Źŵ�ƵŶƃ�ƶŗřŹř�ƽƺĮƫř�ƹ�ŚƸƴţ����������Źŵ�ƶºƧ�ƶºƘƫŚƐƯ�ŵŹƺƯ�ƵźŤƀĭ�ƽřźŝ�
Ţſř�ơŵŚƇ�Ŷƃ�źƧŷ�ǇŚŝ���

������ŢƸū�Źŵ�ŚƷ�ƵŹŚƀųŹ�šřźǀǀƜţƮŗŚƣ����ŤųŚſ�ƹ�ƾŞƳŚū�ƹ�ŹŚ�����ƞºƬŤŴƯ�ƾŝƺºſŹ�ƽŚƷ
����ƳŚƿźū�ƶƧ�ŶƷŵ�ƾƯ�ƱŚƄƳ�ƽŚºƸ��ƶŤƠºƃō���Ƶŵƺºţ�ƹ��ƽř�����������Źŷō�ŵřƺºƯ�ƪºưů�ƶºŝ�źºŬƴƯ�

���Ŝǀºƃ�ƶºƤƐƴƯ�Żř�ƾŝƺſŹ�ƹ�ƽŹřƹō�Slope�����ƵŹŚºƣ�šǈºƟ�ƶǀºƃŚů�ƹ��Shelf 

margin���śƺººſŹ�ƹƵŹŚººŝƹŵ��ŠººƤƐƴƯ�Źŵ�ŚººƸƳō�ƝŹĥ���ƎǀººŰƯ�Ʀººƿ�Źŵ�ƹ�źººţ
�śƺºſŹ�����ƾƿŚºƿŹŵźƿŻ�ƱŻŵŚºŝ�ƽŹřŸºĭ�Submarin fan��ƵŶºƃ����ŶºƳř����ƾưºſǇ
æèìå���ƱŚƿŹƺƬŝ�æèìæ����

����ƳŚƿźū�ƂƤƳ�ƶŝ�ƶūƺţ�ŚŝƽŚƸ������������ŶƳŻŚºſ�Żř�ƾƄºŴŝ�ƪǀƨƄºţ�Źŵ�ƾŤƿŶºǀŝŹƺţ�ƾŝƺſŹ�
������ŤųŚºſ�ƶŝ�ƶūƺţ�Śŝ�ƹ�ũźƧŹŚ��ŝƺºſŹ�ƽŚƷ������������ŢºŝŚŧ��ŶƳŻŚºſ�Ʋºƿř�Źŵ�ƵŶºƃ�ŢºƟŚƿ�ƾ

ƾƯ��ŵƺƃ��ƂŴŝ�ƶƧ���������������ƾºſŹźŝ�ŵŹƺºƯ�ƵŵƹŶºŰƯ�Źŵ�ũźºƧ�ŶƳŻŚºſ�Żř�ƾƿŚºƷ����Ʀºƿ�
��ŶƳŻŚſƽŹřƹōŹŷō����Ĭƴſ�ƹ�ƵŵƺŞƳ�Śūźŝ����������ƵŶºưƗ�ŹƺºƏ�ƶºŝ�ƹ�ƵŶºƃ�ƪưů�Ʊō�ƽŚƷ
ƾěř���ƦǀŤſǈƧ�ŶƴŤƀºƷ����������ƶºƤƐƴƯ�Źŵ�ƾƳŚƄºƠƄţō�ƽŚƷźŤƀºƧŚųƝŹĥ�����Śºŝ�ƵřźºưƷ�

��źĮƿŵ��������ŚŝƺſŹ�ƹ�ƵŶƃ�ƶŤƄƸƳ�ƶƋƺů�Źŵ�ŵƺūƺƯ�ƾŝƺſŹ�ŵřƺƯ�����ƞºƬŤŴƯ�ƾƟƺºţ�š
���ƵŵŹƹō�ŵƺūƹ�ƶŝ�řŹ��ŶƳř���������Śŝ�śƹŚƴŤƯ�ŹƺƏ�ƶŝ�ƾƟƺţ�šŚŝƺſŹ�Ʋƿř��ƶƿǇ���ƽŚºƷ���ƾƬǀºƃ�

ƾƯ�Źřźƨţ�ƺƃŶƳ���
����ŤųŚſ�ƾƳřƹřźƟ�ƶŝ�ƶūƺţ�ŚŝŹŚºººººººº����ſ�Źŵ�ƞƬŤŴƯ�ƾŝƺſŹ�ƽŚƷ�ººººººº���ũźºƧ�ŶƳŻŚ

��ƂŴŝ�Źŵ������ŶƳŻŚſ�Ʋƿř�ƶƧ�ƾƿŚƷƾĭĦƿƹ�ƾƯ�ƱŚƄƳ�ƾƨǀŤſǈƧ�ƾěř��ŶƷŵ��ƹ�ŵƺºŞƳ��
�ƶŤƄƸƳ�ƶŝ�ƍƺŝźƯ�ƽŚƷŹŚŤųŚſ�Ʒ�ƽŚƆųŚƃ�ƽŹřƹōŹŷō��ŝ�ƶ�����ŶºƴŝŹŵ�ƶºƤƐƴƯ�żºū

��źºĮƿŵ�ƶƐƤƳ�Ŷƴģ�ƹ�ƱŚƧŹƺě�º� ǈě�źǀƃ��������ƽŚƷźŤƀºƧŚų�ƾºƳřƹřźƟ�ƶºŝ�ƶºūƺţ�Śºŝ�ƹ



 
ŢƿŶǀŝŹƺţ�ƿŚƿŹŵźƿŻ�ƽŚƸƳŻŵŚŝ�ƹ�ƾƳŚƄƠƄţō�źŤƀƧŚų�Żř�ƾƴƛ�ƽŚƷũźƧ�ŶƳŻŚſ�Źŵ�ƾ��
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ŹŚƸŝíé���ƵŹŚưƃ��ƮƷŵŻřƹŵ�ƩŚſ��êê                                                        æéî ��
 

��ƶŤƄƸƳ�Źŵ�ƾƳŚƄƠƄţō������������ŠŤƄƸƳ�ƕƺƳ�Ʋƿř�ƶŝ�ƶƧ�Ţſř�źƧŷ�ƶŝ�ƭŻǇ��ƾŤƿŶǀŝŹƺţ�ƽŚƷ
�Ţºººſř�ŜºººƫŚƛ�ƾƳŚƄºººƠƄţō�źŤƀºººƧŚų�Ʊō�Źŵ�ƶºººƧ�ƾŤƿŶºººǀŝŹƺţ�ŢƿŶºººǀŝŹƺţ�

ŹřŵźŤƀƧŚų��(Ash turbidite��ƶŤƠĭƾƯ�ƃºººººººŵƺ��ǀƔƳ�ƾţŚůǈƐƇřººººººººź�
ǀŝŹƺţºººţ�ŢƿŶººƟƺºººƾ�(Tuffaceous turbidite)�ƹ�ǀě�ºººţ�ƹźººƿŶǀŝŹƺººŢ��

��(Pyro turbidite)��ƹ�ƲººººƿŹŷō�ŢƿŶººººǀŝŹƺţ���(Igni turbidite)���
��šŚůǈƐƇřźĮƿŵ����ƞǀƇƺţ�ƽřźŝ����ŹřŵźŤƀºƧŚų�ŢƿŶºǀŝŹƺţ��ŶƴŤƀºƷ�������ƕƺºƳ�Ʋºƿř

ƶŤƄººƸƳ�ŤųŚººſ�ŚººƷƷŹŚƺţ�ŶººƴƳŚƯ�ƾŝƺººſŹ�ƽŚŢƿŶººǀŝŹ��ƦǀººſǈƧ�ƽŚººƷ�řŹ�ƱŚƄººƳ
ƾƯ��Żř�ƵŵŚƠŤſř�Śŝ�ƹ�ŶƴƷŵƾƫřƺţŶƴŤƀƷ�ƞǀƇƺţ�ƪŝŚƣ�ŚƯƺŝ����

����������������������źºƿŻ�ƱŻŵŚºŝ�Ʀºƿ�ƱřƺºƴƗ�ƶºŝ�ũźºƧ�ŶƳŻŚºſ�ƾŝƺºſŹ�ƎǀºŰƯ�ƲŤƟźĭ�źƔƳ�Źŵ�Śŝ
�����������ƶºſ�Żř�ƾƿŚºƿŹŵźƿŻ�ƱŻŵŚºŝ�Ʀºƿ�ƶºƧ�Ţºſř�ŮǀƋƺţ�ƶŝ�ƭŻǇ�ŚŬƴƿř�Źŵ��ƾƿŚƿŹŵ

�ƾƯ�ƪǀƨƄţ�ƂŴŝ�ƺºƃ�ŵ���ƪƨºƃææ������ƱŻŵŚºŝ�ƾƿǇŚºŝ�ƂºŴŝ��Upper fan���
�ƂŴŝ��ϲϧΎѧϴϣ�Middle fan��ƾƴǀƿŚě�ƂŴŝ�ƹ���Lower fan����Żř�ƂºŴŝ�źƷ�

��ƵŹŚƀųŹ�Śŝ�ƱŻŵŚŝ������ƶºƗƺưŬƯ�Śƿ�ŵƺų�ƅŚų�ƽŚƷ���������ƾºƯ�ƆŴƄºƯ�ƵŹŚƀºųŹ�Żř�ƽř
ƺƃ����Źŵ�ƶƧ��ŵƱŚƿŚě������ƵŹŚƀºųŹ�ƾºƳřƹřźƟ�ƶºŝ�ƶūƺţ�Śŝ����ƂºŴŝ�Źŵ�ŚºƷ����ƞºƬŤŴƯ�ƽŚºƷ
ƾƯ�Ʊřƺţ�ŢƸū�ƱŚƿźū�ƶŝ�ƽŚƷ�ƆŴƄƯ�řŹ�ƱŻŵŚŝ�ƵŶƳŹƹō�ŵƺūƹ�ŵźƧ��ƪƨƃæç����
��

ŚƷŹŚǀƘƯƱŻŵŚŝ�ƽŚƸƄŴŝ�ŢųŚƴƃ�ƽ��
æ� �ƱŻŵŚººŝ�ƾƿǇŚººŝ�ƂººŴŝ�Źŵ����ŶººƳŹřŵ�Źřźººƣ�ƾƬººƇř�ƵŶººƴƴƧ�ƶººƿŸƜţ�ƽŚººƸƫŚƳŚƧ
�Canyon����

ç� �����ƶƨŞƃ�ƶƬǀſƹ�ƶŝ�ƱŻŵŚŝ�ƾƳŚǀƯ�ƂŴŝ���ƩŚƳŚƧ�Żř�ƽř����ƶŤƄƸƳ�ƹ�ƽŹŚƄŤƳř�ƽŚƷ���ƽŚºƷ
ƾƯ�ƆŴƄƯ�ƵřźưƷ�ŵƺƃ���

è� ����ƱŻŵŚŝ�ƾƴǀƿŚě�ƂŴŝ���ƶºŬƴě�Ǝſƺţ���ŚºƷ�(Lobe)��ƹ�ŵƺºŞƳ�ƩŚºƳŚƧ�����ƾƬºƇř�ƽŚºƷ
ƾƯ�ƆŴƄƯ�ŵƺƃ���
��ƾƬƧ�ŹƺƏ�ƶŝ���ƵŹŚƀųŹ�Żř�ƵŵŚƠŤſř�Śŝ������ŵƺºūƺƯ�ƾŤƿŶºǀŝŹƺţ�ƽŚºƷ����ƮºƷ�Śºŝ�ƵřźºưƷ��

ƂŴŝ���ƬŤŴƯ�ƽŚºƷ�ººººº����������ƄºƯ�ƾƿŚºƿŹŵ�źºƿŻ�ƱŻŵŚºŝ�Ʀºƿ�ƞºŴººººº��ƾºƯ�Ɔ��ºƃº�ŵƺ
�Mutti & Ricci lucchi, 1972ˬ�Żř�ƪƤƳ�Shanmugam & Moiola, 

1988�����
������Ŵŝ�ƾƿŚſŚƴƃ�źƔƳ�Żř�ƾƬƧ�ŹƺƏ�ƶŝºººƂ���������ƩŚºƳŚƧ��ƱŻŵŚºŝ�Ʀºƿ�ƞºƬŤŴƯ�ƽŚºƷ���ŚºƷ

����ŚǀƯ�ƹ�ƾƿǇŚŝ�ƂŴŝ�ƱŻŵŚŝ�ƾƳ����Śŝ�ƶºųźģ���ƽŚºƷ���������ƵŶƳƺºƃ�żºƿŹ�ƹ�ƶºƿǇ�ƥŻŚºƳ����ƶºŝ
���ǇŚŝ�Ţưſ��ƵŹŚƀųŹ�Śŝ���ƽŚƷA,B��ƾƯ�źě�ŶƳƺƃ��������ƶºſŚƯ�ƹ�ŚƷřźƯƺƬĮƴƧ�źŝ�ƵƹǈƗ

Ĭƴſ�����ƩŚƳŚƧ��ƾŤƿŶǀŝŹƺţ�ŐƄƴƯ�Śŝ�ƽŚƷ���ŚƷżǀƳ�ƾƯ�������ƹ�ƱƺŤƀŤƬǀſ�Śŝ�ŶƴƳřƺţ�ĬƴƀºƬĭ�
ƱŚººƿźū�ŐƄººƴƯ�Śººŝ��ƽŚººƷƵżººƿŹřƹ��Debris flows���ƹĬƴƀººƬĭ��ŐƄººƴƯ�Śººŝ�ƽŚººƷ
ƾưƷ�ƹ�ƦƿĥǈěŶƳƺƃ�źě�Ʀƿĥǈě����

ƂŴŝ���ƩŚƳŚƧ�ŶƣŚƟ�ƽŚƷ�ƱŻŵŚŝ�ƾƴǀƿŚě�ƂŴŝ���Śŝƶųźģ�ŚƷ�ƽźŞŤſ�ŢƃŹŵ�ƹ�ƶƿǇ�
�ƵŶƳƺƃ�ƶƳřŵ�������ƽŚƷ�ƵŹŚƀųŹ�Śŝ�ƹ�ǇŚŝ�Ţưſ�ƶŝC,D�ƾƯ�ƆŴƄƯ�ŶƳƺƃ����ƶºģ�źĭř
ƵŹŚƀųŹ���ƽŚƷF,G���ƂŴŝ�ŠưƷ�Źŵ������ŶƳƺƃ�ƾƯ�ŢƟŚƿ�ƱŻŵŚŝ��ƽŚƷ�����şŹŚƀºųŹ�ƾƫƹ�

F�ƵŹŚƀųŹ�ƹ��Ŝǀƃ�ƆųŚƃGƱřƹřźƟ�Ŝǀƃ�ƹ��ƶƋƺů�ƞƧ�Źŵ��ŶƳźţ���
ƀųŹ�ũźƧ�ŶƳŻŚſ�Źŵ�ƾƬƧ�ŹƺƏ�ƶŝº�ƽŚƷ�ƵŹŚA,B,F��ƵŹŚƀųŹ�ƽŚƷƦƿŵżƳ��� 

�ƶƘƫŚƐƯ�ŵŹƺƯ��ŠƤƐƴƯ�ƾŝƺƴū�şŵƹŶŰƯ�Źŵ��ƱŚƧŹƺě�śƺƴū�º�ƱŚƤƬǀŝ���ƱřƹřźºƟ���źºţ
ƂŴŝ�Ţưſ�ƶŝ�ŪƿŹŶţ�ƶŝ�ƹ�Ƶŵƺŝ���ƶºƋƺů�ƾƫŚưƃ�ƽŚƷ������řŹŚºſō�º� ũźºƧ�Ŷºſ���

ƵŹŚƀųŹ��ƽŚƷC,D,G��ƵŹŚƀųŹ��ƽŚƷŢſŵŹƹŵ��ƱřƹřźƟ�ƾƯ�źţ�ŶƳƺƃ���
��Źŵ�ũźƧ�ŶƳŻŚſ���ƩŚºƳŚƧ������������ƂºŴŝ�Źŵ�ƶºƧ�ƾƿŚºƿŹŵ�źºƿŻ�ƽŚºƷ����ƵŶºƗŚƣ�ƽŚºƷ����Śºŝ�ƽř

�Ƶŵƺţ�šŚŝƺſŹ�����ŢǀƫƺŤƀǀƫƹř�ƹ�ŢƃŹŵ�ƶƳřŵ�ƽř���ƵŶƃ�źě�ŚƷ���������Źŵ�ƾºƬƧ�ŹƺºƏ�ƶºŝ��ŶƳř
ƂŴŝ����������ƶºƘƫŚƐƯ�ŵŹƺºƯ�ƶºƤƐƴƯ�ƾŝƺƴū�ƽŚƷ����ƶºǀưǀƔƗ�ƩŚưºƃ����ƾºƯ�ŢºƟŚƿ��ŶƳƺºƃ��
ƶŤƄƸƳ������ƂŴŝ�ƶŝ�ƍƺŝźƯ�ƽŚƷƾƿǇŚŝ��������������ƶºƳřŵ�żºƿŹ�ǇŚºŝ�Ţưºſ�ƶºŝ�ơƺƟ�ƽŚƷ�ƩŚƳŚƧ�

��ƥŻŚƳƹ��ƶƿǇ��ƾƯƺƃ����Żř�ƶƧ�ŶƳƽŚƸǀĭĦƿƹ�ƩŚƳŚƧ�����ƂŴŝ�Źŵ�ŵƺūƺƯ�ƽŚƷ��ƾƿǇŚºŝ��
ƱŻŵŚŝ�����ƾƿŚƿŹŵ�źƿŻ�ƽŚƷŢſř��ƱƹżƟř��źºŝ�����ƾƫřƺºţ�ŵƺºūƹ��������Ĭƴºſ�ƶºſŚƯ�Żř�ƾƿŚºƷ

��ƪǀƃ�ƹ�ƾƟƺţ������Śºƿ�ƹ�ƥŻŚºƳ�ǇŚºŝ�Ţưſ�ƶŝ�ƶƧ�ƾƟƺţ�ƽŚƷ�źŞŤºſ���ƾºƯ�ƶºƿǇ��ŵƺºƃ��
���ƽźºĮƿŵ�ƾŝƺſŹ�ƽŚƷŹŚŤųŚſ��ŶºƴƳŚƯ��ƁżºƜƫ��������ƮºƷŹŵ�ƽŶºƴŝ�ƶºƿǇ�����ƽŶºƴŝ�ƶºƿǇ

ƾŬƿŹŶţ���ŜƫŚƣ�ƽŹŚǀƃ���������ƾƳŻƹ�ŜƫŚƣ�ƶƬƘƃ�ƹ�����řƹřźƟ�ũźƧ�ŶƳŻŚſ�Źŵ�ƽř�Ţſř�Ʊ�
���ƾưſǇæèìå����

ƶųźģ�ƽŚƷŚƯƺŝ�ƾŤƿŶǀŝŹƺţ�ƦǀſǈƧ���Bouma classical turbidite���ƶƧ
��ƂŴŝ�Ʊō�Źŵ���ƽŚƷA-E������ŶºƳŹřŵ�ŵƺūƹ�ƪƯŚƧ�ŹƺƏ�ƶŝ���ƂºŴŝ�Źŵ�����ƾŝƺºƴū�ƽŚºƷ

��ƶƘƫŚƐƯ�ŵŹƺƯ�ŠƤƐƴƯ����������ƩŚưºƃ�Ţưºſ�ƶºŝ�ŪƿŹŶºţ�ƶºŝ�ƹ�ŶºƳŹřŵ�ƽźŤƄºǀŝ�ƾºƳřƹřźƟ�
ƶųźģ��ƽŚƷ�ƱřƹřźƟ�ƆƣŚƳ��ƾƯ�źţ�ŶƳƺƃ��ƶųźģ�ƽŚƷ�ƵŹŚƀºųŹ�Śŝ����ƽŚºƷD,E�Źŵ�ƹ�
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ƽŹŚĮƴŝŚŤƧ��
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