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Abstract 
Dezful embayment located in southwest Iran is bounded to Bala-Rud flexure towards northwest,  Dezful  embayment   fault 
towards northeast, Mountain front fault towards north, and Zagros foredeep fault towards southwest. The embayment consists 
of thick sedimentary sequences of Mesozoic and Cenozoic time. The whole region is charecterised by intense structural 
depression. Structural analysis of five anticline reservoirs in Dezful embayment based on interpretation of seismic reflection 
profiles, and depth sections indicates: Based on dip isogons analysis, and relative competence of the layers, the  (competent) 
reservoir horizons such as Asmari, Sarvak, and Dariyan are of class 1B, while source and cap rock (incompetent) layers such 
as Pabdeh, Gurpi, and Garu are of class 1A and 1C. Regarding fault-fold relationship, there are fault-propagation  folds and 
fault-bend folds. The Haftkel structure is interpreted as antiformal stack; the Naft sefid structure is fault-bend fold;  the Parsi 
field is fault-propagation fold, and Mamatain and Karanj structures are possibly detachment folds. 
 
Key  words:Dezful embayment,Bala-Rud fault,Zagros foreland,Competent,Antiformal stack,Detachment folds. 
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ŢƟźĭ�Źřźƣ�źǀƀƠţŵŹƺƯ�ƶƘƫŚƐƯ�ŵŹƺƯ���ŜƫŚººƐƯ�ƶƧ�Ţſř�ƽŹƹōŵŚººƿ�ƶŝ�ƭŻǇ
�Źřźƣ�ŦŰŝ�ŵŹƺƯ�źƧŸƫř�ơƺººƟ�ƖºººūźƯ�Żř�ƵŵŚººƠŤºſř�Śŝ�ƾĮººưƷ��ƂºŴŝ�Ʋƿř

Ţſř�ƶŤƟźĭ���
ƭřƺƣ� ƝǈŤųř� źĭř��competence contrast� �ƿǇ� Ŷƴģ� �ŶƃŚŝ� źƠƇ�ƶŝ� ƶ

ŶººƴƴƧ� ƾƯ� ŹŚŤººƟŹ� ŵźººƠƴƯ� ƶººƿǇ�Ʀƿ� ƱřƺƴƗ� ��ƽŚƷ� ƾƫřƺººţ� ƽřźŝ� ƾººŤů
ƶºƿǇ�ƭřƺººƣ� źºě� ƽŚºƷ��competent� ��Ţſř� ƲƨưƯ� ŚƷ� ƶƿǇ� ƶŤſŵ� �šƹŚƠŤƯ

ƶƿǇ�Żř�ƭřŶƧ�źƷ�Żř�źţ�īŹżŝ�źŧŒƯ�ƽřźŞŤſ�Śŝ�ŵźººƠƴƯ�Ŷůřƹ�Ʀƿ�ƶŝ�ƶǀŞƃ��ƽŚƷ
ŶƴƴƧ�ŹŚŤƟŹ�ŵźººƠƴƯ���ƾŨƴų�ŮƐſ�Ʀƿ�źĭř��ŢƫŚů�Ʋººƿř�Źŵ�ƶŤſŵ�Ʀƿ�ƱƹŹŵ

�Źŵ�ƾŨƴų�ŮƐſ� ĥƺƧ�Ţưſ�ƽƹŹ� źŝ� ŚƷ� ƶººƿǇ�Ţſř�ƲƨưƯ� �ŵźǀĮŝ�ƪƨºƃ
ƵŶǀƄƧ�ŚƷǇƺƫ�ƪŰƯ��ƵŵŹ�ƶſŶƴƷ��Ʋǀģ�ƹ�ŶƳƺƃ�ƥŻŚƳ�ƹ1A��ŶƷřƺų�ƱŚƄƳ�řŹ

ŵřŵ� ��ƮƧ�ƹ� ƭřƺºƣźě�ƽŚƷ�ŶƳŻŚſ� ŚƿŚƷ� ƶƿǇ�śƹŚƴţ�Żř� ŚƷ�Ʋºǀģ�Żř�ƽŹŚǀƀŝ� ŚƯř
ŶƳƺƃ� ƾƯ� ƪǀƨƄţ� ƭřƺºƣ� �řƺººººƣ� ƮƧ� ƽŚƷ� ƶƿǇ� ƾŤƫŚů� ƲǀƴģŹŵ�Żř� �ƭ

ƶƿǇ� Ʋǀŝ� ƽŚƷ� ƁżƜƫƹŶƳźƿŸě� ƾƯ� źǀŧŚţ� ƭřƺƣźě� ƽŚƷ� ƶƿǇ� ƾŤŴƿŹźĭŵ��ƽŚƷ
�ŵŵźĭ�ƾƯ�ƦƬƸŤƀƯ�ŚƸƳō�Źŵ�ƭřƺƣźě��ƪƨƃçō����

ǀģººƲ�Ʒºº� ƵŵŹ� ƽŚ1Bū� Żř� ƶƧ�ººƬưºººģ� ƶººƲǀ�ưƘƯ� ƽŚƷºº�Źŵ� Ʃƺ
ưƧººƴŝźºŶģ� ƽŚƷººƹ� Ʋǀ�ƳřŹºººŝ� ƾƯ� ƾĭŶººƴƃŚººƯƺưƗ� �Ŷºº�ƽřŹřŵ� Ś
ſºººƧƹŻŚººų� Ʋǀģ� ŹŚºƄưų�ƾĭŵŹƺºƾ��flexural folding� �ŶƴºƃŚŝ� ƾƯ��

ƽŵƺưƗ�Ƃưų�orthogonal flexure�ƾƄưų�Ɓźŝ����flexural shear��
Ŭů�ƂƷŚƧ� Śŝ� ƵřźưƷ�Ƃưų�ƹºººƮ��volume-loss flexure� ��ƽŚƷ�ƩŶƯ

�ƾĭŵŹƺų�Ʋºǀģ�ƶƫƺƤƯ�Źŵ�ƾĮưƷ�ƶƧ�Ţſř�ƾĭŵŹƺų�Ʋǀģ�ƽřźŝ�ƾƳƺĭŚƳƺĭ
ŶƳźǀĭ�ƾƯ�Źřźƣ�ƾƄưų��Źŵ�ŚƷ�ƶƿǇ�ŢƯŚŴƋ��ƩŶƯ�ƶſ�źƷ�ƲƿřŹŵ�ŵƺưƗ�ŢƸū

ŶƳŚƯ�ƾƯ�ƾƣŚŝ�ŢŝŚŧ�ƽŶƴŝ�ƶƿǇ�źŝ���
�ƾººŤŴººƿŹźºĭŵ�ƪưŰţ� ƶŝ� ŹŵŚºƣ�ƲƿřźŝŚƴŝ� ƹ� ŶƴƃŚŝ� źţ� ƭřƺƣ� ƮƧ� ŚƷ� ƶƿǇ� źĭř

� ƭźºººƳ (ductile)ƶƿǇ� źĭř� Śƿ� �ŶƴƃŚŝ� ƽźŤƄǀŝ��ƽŵźĮƳŚƀưƷŚƳ� ƽřŹřŵ� ŚƷ�
�ƾƨǀƳŚƨƯ(mechanical anisotropy)�Źŵ�ƾŞºſŚƴƯ�ƽř�ƶŰƠƇ�ŵƺų�ƱƹŹŵ�
� ŶƴƃŚŝ�ƽŚƷ� ƶƿǇ� ŶƴƳŚƯƹ� šźģ�ƥŻŚƳ���ƾĭŹřƺĭźŝŚƿ� �ƽř� ƶƿǇ� Ʋǀŝ� ƪǀƃ
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Ţſř� ƶŤƟźĭ� ƪƨƃ�ƽŶƴŝ� ƶƿǇ�šřŻřƺƯ� ƶŝ� ƶƧ� ƾƈŴƄƯ��ƲƨưƯ� ƵŚĭ� Ʊō� �
ưų� źŝ� ƵƹǈƗ� Ţſřººººº�ƾƄưų� ƾƃźŝ� ƾĭŵŹƺų� Ʋǀģ� �ƽŵƺưƗ� Ƃ

�flexural shear folding���ŶººƷŵ�űŹ�żǀƳ��ƪƨƃçś����
�ƵŵŹ�ƽŚƷ�Ʋǀģ1C�Ʋǀģ�ƹŚƧ�Ţưſ�ƶŝ�ƶƧ�ŶƴŤƀƷ�ƾŞǀƃ�ƮƷ�ƽŚƷ�Ǝų�ƽřŹřŵ��

řźĮưƷ� ŶƳƺƃ� ƾƯ��� ƵŵŹ�šŶƃ� ƶŝ� ƶƳ� ƶŤŞƫř1B� ����Ʋǀģ� ƽŚƷ� ƩŚƿ� ƽƹŹ� Źŵ
ƶƿǇ��ŚƸƴţ�Ǉƺƫ�ƶƤƐƴƯ�Źŵ�ƶƧ�ƾƫŚů�Źŵ��ŶƴŝŚƿ�ƾƯ�Ɓźŝ�šŶƃ�ƶŝ�ƭřƺƣ�ƮƧ�ƽŚƷ

ƝŚƇ�ƹ�Ųě��flat�ŶƳƺƃ�ƾƯ�� 

�ƵŵŹ�ƽŚƷ�Ʋǀģç��ƶŝŚƄƯ�ƽŚƷ�Ʋǀģ���ƾĭŵŹƺų�Ʋǀģ�ŹŚƧ�ƹ�ŻŚſ�Żř�ƾƃŚƳ� řŹ
ƩŚƘƟ�źǀƛ�ƾƃźŝ��passive shear folding��ŶƴƳřŵ�ƾƯ�ƾĭŵŹƺų�Ʋǀģ�ƶƧ�

ŵƺƃ� ƾƯ� ƵŶǀƯŚƳ� żǀƳ� ƾƳŚƿźū� ƾĭŵŹƺų� Ʋǀģ� Śƿ� ƩŚƘƟ� źǀƛ� ƱŚƿźū� ��Ʋƿř� Źŵ
�ƾĭŵŹƺų�Ʋǀģ�ƽƹŹźŝ�ƽźǀŧŐţ�ĢǀƷƹ�ŶƴŤƀƷ�ƭřƺƣ�ƮƧ�ľřŶƿŶƃ�ŚƷ�ƶƿǇ�ŢƫŚů
�ƾƯ�ŢŞŧ�řŹ�šŚŰƠƇ�ƾŤŴƿŹźĭŵ�ƶƧ�ƶƳŚƄƳ�Ʀƿ�šŹƺƇ�ƶŝŚƸƴţ�ƶƨƬŝ�ŶƳŹřŶƳ

ŶƴƴƧ�ƾƯ�ƪưƗ��ŶƴƴƧ�Ʋǀģ�ŹƺŰƯ�ƹ�Ʋǀģ�ƽǇƺƫ��ƶŝŚƄƯ�ƽŚƷ�ƲǀģŹŵ�ƽŻřƺƯ�
ŶƴŤƀƷ� ƽŶƴŝ� ƶƿǇ� ƹ�Ɓźŝ� ƽŚƷ� ƶŰƠƇ� ƖƏŚƤţ� ƪŰƯ� Śŝ� ��Ʋǀģ� ƕƺƳ� Ʋƿř� Źŵ

�ŚƷ�ƶƿǇ�ƶŝ�ŢŞƀƳ�źƠƇ�źǀƛ�ƶƿƹřŻźƷ�Śŝ�Ţſř�ƲƨưƯ�Ɓźŝ�šŚŰƠƇ�ƾĭŵŹƺų
�źƷ�Ţſř� ƲƨưƯ�Ɓźŝ� šŚŰƠƇ� ƱƹŹŵ� Źŵ�Ɓźŝ�ŢƸūƹ� ŶƴƃŚŝ� ƶŤƃřŵŹřźƣ

ŶƴƃŚŝ�ƵŵŹƺų�Ʋǀģ�ƶƿǇ�ƽŻřƺƯ�ƶƧ�Ʊō�ŌŚƴŨŤſř�ƶŝ�ŶƴƃŚŝ�ƶŤƃřŵ�ƾŤƸū� 

ƵŵŹ�ƽŚƷ�Ʋǀģ�è�Ţưſ��ƭřƺƣ�ƮƧ�ƽř�ƶƿǇŹŵ�ƶƧ�ŶƳźǀĭ�ƾƯ�ƪƨƃ�ƾŤƫŚů�Źŵ�
ŶƃŚŝ�ƶŤƃřŵ�ƹŚººƧ�Ţưſ�ƶŝ�ŢŞƀƳ�ƽźººŤƨģƺƧ�ƾĭŶǀưų�ƕŚƘƃ�Ʋǀģ�ĥƺƧ��
�ƶŝ�ƶƿǇ�ƽřźŞŤſ�ƹ�ŶƴŤƀƷ� řźĭřƹ�Ŝǀƃ�ƮƷ�ƽŚƷ�Ǝų� �ŚƷ�Ʋǀģ�ƕƺºƳ�Ʋƿř�Źŵ

ŶŝŚƿ�ƾƯ�ƂƷŚƧ�ŚƷ�ƩŚƿ�ƽƺſ�ƶŝ�Ǉƺƫ�Żř�ƽŹƺºŰƯźŧř�šřŻřƺººƯ���
��
�æ�ç�ƿǇ�ƾƨǀƳŚƨƯ�ƽŚƷ�ƾĭĦƿƹ�ƭřƺƣ� �ƵŵŹƺų�Ʋǀģ�ƽŚƷ� ƶ��ƹ� ŚƷ� ƶƿǇ�ƾŞƀƳ

ƂƿřŶū�ƽŚƷ�ŮƐſ�ŵƺūƹ��
��ƵŵŹƺų�Ʋǀģ�ƽŚƷ�ƶƿǇ�ƾƨǀƳŚƨƯ�ƽŚƷ�ƾĭĦƿƹ�ƾſŹźŝ�ƽřźŝ�ŹŚŤƃƺƳ�Ʋƿř�Źŵ

ƂƿřŶū�ƽŚƷ�ŮƐſ� ŵƺūƹ� ƹ�ƾŞƀƳ� ƭřƺƣ��decollement��Żř�ŽźĭřŻ� Źŵ�
� ƽŶƴŝ� ƶƤŞƏO�Brien (1950)Ţſř� ƵŶƃ� ƵŵŚƠŤſř�� �Ťſ� Ʋƿźŝřººººº�Ʊƺ

ƴǀģºººººĭřŻ�ƽŹŚĮƳ�ƶººź�ƶŝ�řŹ�Žê��ůřƹººƧ�ƮǀƀƤţ�ƾƳŚưŤųŚſ�ŶºººŢſř�Ƶŵź��
�ō��Ĭƴſ�ƾě�Ƶƹźĭ��Basement��Ưō�Ţſŵ�ƶŝ�šŚƗǈƏř�ƶưƷººº�Żř�ƵŶ��ƾě

ƵŶǀſŹ�ŮƐſ�ƶŝ�ƽźǀŴŞţ�ŵřƺƯ�ƽŚƷźǀěŚƿŵ�Śŝ�ƶƧ�ƾţŚƘƐƣ�Żř�Ĭƴſ��Ţſŵ�ƶŝ��ŶƳř
ƵŶƯō�Ţſř� �ƘƐºƣ� Ʋƿř�ŢǀƳřźĭ� ƪºƯŚºƃ� šŚ��ƹźºŝŚĭŗ�ŢǀƫƺŞǀƠƯŎ��Ţƀǀƃ� ƹ��
ƾƯ�ƴƃŚŝººŶ�Harrison, 1930; Kent, 1970; Haynes & McQillan, 

1974����
�ś�ƲƿźƿŻ�ƥźŰŤƯ�Ƶƹźĭ���Lower Mobile Group����ƪƯŚƃ�Ƶƹźĭ�Ʋƿř

�šŹƺƇ� ƶŝ�ŽŹŚƟ� ƶƋƺů� Źŵ� ƵĦƿƹ� ƶŝ� ƶƧ�Ţſř� żƯźƷ�ƽźſ�ƽźǀŴŞţ� ŵřƺƯ
ŵƺƃ� ƾƯ� ƵŶƷŚƄƯ� ŶŞƴĭ��ƹ� ƪǀƃ�žĜƿĥ� Śŝ�ƦưƳ�ƲƿźƿŻ�ƥźŰŤƯ� Ƶƹźĭ� Źŵ

ƹ�ƲƿŹŷō�ƽŚƷ�Ĭƴſ�ƲǀƴĤưƷ�ƹ�ƶţŚºƴŝźƧ�ƽŚƷ�Ĭƴſ�Ĭƴſ�ƾě�ƾƳƺĭźĭŵ�

ƵŶºººƃ� ƵřźººưƷ�Ţſř� ��řŹ� ƽźſ� Ʋƿř� Ʋºſ� �ƽŵŚººººưŤƯ� ƽŚƷ� ƩŚſ� ƽřźŝ
źººƔƳ� Źŵ� ƲƿźƿŻ� ƲƿźŞƯŚƧ�ººŴŝ� řźǀųř� ŚºƯř� ŶºƴŤƟźĭ� ƾƯ�ƶŝ� řŹ� Ʊō� Żř� ƾƄ

ǀŗƹŻƹźºţƹźººěƦ�Ʋǀƀě�ƾƯ�ŢººŞƀƳ�ŶººƴººƷŵ�Stöklin,1968;Kent,1970����
ę�ƭřƺƣźě� Ƶƹźĭ���Competent Group�� �źţźŞŤºººſ�ƾƫřƺţ� Źŵ� Ƶƹźĭ�Ʋƿ

�Śţ�ƲƿźŞƯŚƧ�Żř�ŚƸƳō�Ʋſ�ƶƧ�Ţſř�šŚŝƺſŹ�ƶƗƺưŬƯ�Ʀƿ�ƪƯŚƃ�ƾŤƃŚĮƳ�ƶƴǀģ
Ţſř�ƲſƺǀƯ���źƠǀƴŝźƧ�Śţ�ƲƿźŞƯŚƧ�ƽŚƷ�Ĭƴſ�ƪƯŚƃ�ƾƫřƺţ�Ʋƿř�ƾƴǀƿŚě�ƂŴŝ

��ŵƹŶů�ŹŵçåååźŤƯ����ƶţŚƴŝźƧ�ƽŚƷ�Ĭƴſ�ƹ�ƶſŚƯ�Ĭƴſ��ƪǀƃ�Żř�ƶƧ�Ţſř
Ţſř� ƵŶƃ�ƪǀƨƄţ�ƾƗźƟ�šŹƺƇ�ƶŝ�ƽźǀŴŞţ�ŵřƺƯ�ƹ�ƱŹŚƯ� Śŝ� �ŝ�ƾƳŚǀƯ�ƂŴ

��ƶţŚƴŝźƧ�ƽŚƸĮƴſ� Żř� ŚŞƫŚƛ� ƶƧ�Ţſř�ƾƿǇŚŝ� ƶſŚţźƧ� Śţ�ƲǀƯźě�ƾƫřƺţ� ƪƯŚƃ
Ţſř�ƵŶƃ�ƪǀƨƄţ�ƾƗźƟ�šŹƺƇ�ƶŝ�ƽźǀŴŞţ�ŵřƺƯ�ƹ�ƪǀƃ��ƱŹŚƯ���ƂŴŝ�Ʋƿř

� ŵƹŶůŹŵ� ƾƿřźŞŤſéååå��èåååŵŹřŵ� źŤƯ�� ��Ʋſ� ƶŝ� Ƶƹźĭ� ƾƿǇŚŝ� ƂŴŝ
�Śŝ�ƶƧ�Ţſř�ƾƿŚƷ�ƦºƷō�ƹ�ƪǀƃ�ƪƯŚƃ�ƹ�Ţſř�ƲſƺĮǀƫř� Śţ�ƾƿǇŚŝ�ƶſŚţźƧ

Ʒō�Ĭƴſ� Ɓƺě� ŢƿŹŶºǀƳř� ƹ� ƽŹŚưºſō� Źřŵ� ŢƠƳ� ƹ� ƽř� Ƶŵƺţ� ƽŚƷ� Ʀº
�ƱřŹŚººƀĤĭ�ŶƳŻŚſ�ƾƴǀŗŚě�Ţưƀƣ��ŶƳƺƃ�ƾƯ�ƵŶƳŚºƃƺě��Ĭƴſ�Ʋƿř�ƽřźŞŤſ��ŚƷ

�ŵƹŶů�ŹŵæåååŢſř�źŤƯ����ŵƹŶů�Źŵ�ƭřƺƣźě�Ƶƹźĭ�ƾƬƧ�ƽřźŞŤſëååå�źŤƯ�
�ŚţìåååŢſř�źŤƯ����
š�ŰŤƯ� Ƶƹźĭ�ººº�ƾƿǇŚŝ�ƥź�Upper Mobile Group��ĭ�ºººƺƣ� źě� Ƶƹź�ƭř

�ƱřŹŚºƀĤĭ�ŶƳŻŚſ�ƾƳŚǀƯ�ƂŴŝ�ƽŚƷ� ƱŹŚƯ� ƹ�ŢƿŹŶºǀƳř� �žººĜƿĥ� �ƦưƳ� Śŝ
ƳŚƃƺěºƾƯ� ƵŶ�ŵƺƃ��Űţºŝƺų� ƶŝ� ŚƸĮƴſ� Ʋºƿř� ƾƳŚưŤųŚºſ�ƥźºƴƃ� ƾººŤųŚºº�ƶ

ƃººŢſř�ƵŶ��Desitter,1964; Lees et al., 1940; O�Brien, 1950;��
�(Hills, 1963��Ƶƹźĭ� Ʋƿř� ƾŤººƃŚĮƳ� ƶºƴǀģ� ƽřźŞŤſ� ƽźǀĭ� ƵŻřŶƳř

ŢſřŹřƺºƃŵ� ��Ƶƹźºººĭ�Ʋºººƿř� �ƱřŹŚƀĤĭ�ƾŤƠƳ�ƱřŶǀƯŹŵ��ƽŚƷ�ƂºººŴŝç�Śţ�
ë���ŵƹŶºů�ŹŵçåååŵŹřŵ�řźŞŤſ�źººŤƯ���James & Wynd, 1965����

� ť�� ƭřƺºººƣ� ƮƧ� Ƶƹźººĭ��Incompetent Group���ƵŶƳŚưºǀƣŚŝ� Ţưƀƣ�
��ƪǀƃ� �ƶƿǇ�ƥŻŚƳ� ƽŚƷ� ƱŹŚƯ� Żř� ƽř� ƶƗƺưŬƯ� ƪƯŚƃ� ƾſŚƴƃ� ƶƴǀģ� ƾƫřƺţ

�ƶƧ�Ţſř�Ɓƺºū�Ĭƴſ�ƹ�ƶſŚƯ�Ĭƴſ�ŢƿŹŶǀƳř�Śŝ�ƾƗźƟ�šŹƺƇ�ƶŝ��ƲſƺǀƯ
ƲſƺǀƬě�Śţ�ƲƿźƿŻ��ŶƃŚŝ�ƾƯ�ƵřźưƷ���ƮƷ�ƽŚƷ�Ɓƺū�Ĭƴºººººſ�Śŝ�ƾƫřƺţ�Ʋƿř

ŢųŚſ�ƲǀƯŻ� Śŝ� ƱŚƯŻ��syntectonic��ŶƳŻŚſ�ƲºſƺŤƀºººǀººŘƬě� Śţ� ƲſƺººǀƬě�
ŵƺƃ�ƾƯ�ƵŶƳŚƃƺě�ƽŹŚººǀŤŴŝ���

�źĮƳŚƿŚưƳ� ƶƧ� Ţſř� šƹŚƠŤƯ� �ƞƬŤŴƯ� ƽŚƷŚū� Źŵ� ƭřƺƣ� ƾŝ� Ƶƹźĭ� ƽřźŞŤſ
ǀƯŻ�ƎƿřźƃŢſř�Ʊō�ƽŹřŸĮŝƺſŹ�šŶƯ�ƾƏŹŵ�ŹřŶƿŚěŚƳ�ƾŤųŚſ�Ʋ� ��ƽřźŞŤſ

�Ʋǀŝ�Ƶƹźĭ�Ʋƿř�ƲǀĮƳŚǀƯèååå�Śţ�éåååŢſř�źŤƯ����
�Śŝ� ƾŤŴƿŹźĭŵ� Ʋǀů� Źŵ� Ʋƿźŝř� ƾƳŚưŤųŚſ� ƽŚƷ� Ŷůřƹ� ƾƯƺưƗ� ŹŚŤƟŹ

ŵŹřŵ�ƾĮƴƷŚưƷ�ŶƳř�ƵŵŹƹō�ŶƿŶě�ƶƧ�ƾƿŚƷŹŚºººŤųŚſ� ��Źŵ�Ĭƴºººſ�ƾě�Ƶƹźĭ
ƀū�Ʀƿ�ƱřƺººººººƴƗ� ƶŝ� Śƿ� ŚƯƺººưƗ�ƾŤŴƿŹźĭŵ�ƾƏ�ƵŵźƧ�ƪưƗ�ŢŴſ�Ʈºº

ƾƧƺºººƬŝ�ƂƬººººƀĭ� ŹŚģŵ�Ţſř� ŹŚººººģŚƳŚƿ� ƹ�Ţſř��block faulting��
ŵƺƃ��Lees, 1952; Falcon, 1969���řŶū�Ĭƴſ�ƾě� Żř� � ƭřƺƣźě� Ƶƹźĭ�



Ʋǀģ�İƄŞƴū�ƪǀƬŰţ�ƢƟř�Źŵ�İĭŵŹƺų�ƱřŶǀƯ�ƱżŴƯ�įŚƷ�İŤƠƳ�įŚƷ�ƩƺƟŻŵ�ƾĭŵŚŤƟřƹźƟ�Źŵ�Ɩƣřƹ��
 

      �ƱŚŤƀŝŚţ�ƹ�ŹŚƸŝíè�ƩŚſ��ŻŚƿƵŹŚưƃ��ƮƷŵ�êæ�êç                                    ê ��

 

ƾƯ�ƃŵŹƺų�ƾƯ�Ʋǀģ�ƪƤŤººººƀƯ�šŹƺƇ�ƶŝ�ƹ�ŵƺ� �ƥźººŰŤƯ�Ƶƹźĭ ��ƾƴºǀŗŚě
ƂƿřŶū�ƶƴƸě��decollement zone��ƹŵ�Ʋƿř�Ʋǀŝ�Ʒŵ�ƾƯ�ƪºǀƨƄţ�řŹ�Ŷººº 

Lees, 1950; O�Brien, 1950)���ĭ� ƹŵºººǀģ� Ƶƹźººº�ŚƳ� ƵŵŹƺų� Ʋ
�ĬººƴƷŚººưƷ�ĭ�ƹ�ƭřƺºººƣźě�Ƶƹźĭººƭřƺºƣ�ƮƧ�Ƶƹź��ƂººƿřŶū�ƶºƴƸě�Ʀƿ�Śŝ��
ŰŤƯ�Ƶƹźºĭ�ŹŵºƾƯ�řŶū�źººĮƿŶºƨƿ�Żř�ƾƿǇŚŝ�ƥź�ƳƺºƃºŶ�O�Brien,1950� �

Lees & Richardson,1940;����ƶƬƣ� Źŵ� ŽźĭřŻ� ŢƠƳ� ƾƬƇř� ƖưŬţ
�žƿŶƣŚţźſ�Źŵ�Ɩƣřƹ�ƽŹŚưſō�ƦƷō�Źŵ�ŵƺūƺƯ�ƽŚƷ��top��Ƶƹźĭ�ŶƳŻŚſ�

Ţſř�ƭřƺºººƣźě���ƾƿǇŚŝ�ƥźŰŤƯ�Ƶƹźĭ�ƹ�ƭřƺƣ�ƮƧ�Ƶƹźĭ��ƾŤƠƳ�šŚƟŚƄŤƧř�Źŵ
Ţſř�ƶŤƟźĭ�Źřźƣ�ƾƿŚſŚƴƃŵŹƺºººººƯ�ƾŝƺų�ƶŝ�ƭřƺƣźě�Ƶƹźĭ�Śŝ�ŚƸƳō�ƍŚŞţŹř�ƹ��
�Źƺƌů�ŚƯř�Ţſř�ƵŵŚƠŤſř�ƪŝŚƣ�ƽř�ƶǀůŚƳ�ŽŚǀƤƯŹŵ�Ʋƿźŝř�ƽŶƴŝ�ƮǀƀƤţ�ƶģźĭř

Ǉ�ŭƺƐſ�ŵŚŬƿř�ƶŝ�źŬƴƯ�źĮƿŶƨƿ�šŹƹŚŬƯ�Źŵ�šƹŚƠŤƯ�ƾŞƀƳ�ƭřƺƣ�Śŝ�ƾƿŚƷ�ƶƿ
ŵŵźĭ� ƾƯ� ƾƘƋƺƯ�ƂƿřŶū� ��ǇŚŝ� Źŵ� ƶƧ� ƭřƺƣ� Śŝ� Ƶƹźĭ� Źŵ� ƩŚŨƯ� ƱřƺƴƗ� ƶŝ

�ƾƯ� ƪºǀƃ� Źƺºƌů� �ƾºěŹƺĭ� ƹ� ƵŶºŝŚě� ƽŚƷ� ŶºƳŻŚºſ� Źŵ� �Ŷºƃ� Ƶŵřŵ� ŭźºƃ
ƂƿřŶū�ŮƐſ�Ʀƿ�ŵŚŬƿř�ƪŰƯ�ŶºƳřƺţ�ŶƃŚŝ�ƵƺƤƫŚŝ� ��źƿŻ�Źŵ�ƾƯŵĦƧ�ŶƳŻŚſ

ŚƷŶƳŻŚſ�Śƿ�ƱŚǀƬƸƟ�ƹ�ƱŚƿŹřŵ�ƽŚƷŶƳŻŚſ�Ʋǀŝ�ƱřƹŶĭ�ŶƳŻŚſŚƿ�ƱŚŤƀĮƴŝ�Ƶƹźĭ�ƽ
�ƭźƷŵ�ŶƳŻŚºſ�Śƿƹ�ƶƘƫŚƐƯŵŹƺƯ�ƶƤƐƴƯ�Źŵ�ƵĦƿƹ�ƶŝ�ŵŚƿŻ�ƽřźŞŤººſ�Śŝ�ƹźĭŶƳŻŚſ
�ƱřƺººƴƗ�ƶŝ�ƵŶƃ�źƧŷ�ƭřƺººƣ�źě�Ƶƹźººĭ�Ʋǀŝ�Źŵ�ŶƴƳřƺţ�ƾƯ�ƱƹŹŻŚƧ�ƵƹźĭŹŵ

ſ�Źŵ�ƵŶƯō�ŶƿŶě�ƽŚƷ�ƾĭŵŹƺų�Ʋǀģ�ƹ�ŶƴƴƧ�ƪºººưƗ�ƂººƿřŶū�ŭƺººƐſ�źƿŚ
ŶƴƴƧ�ƶǀūƺţ�řŹ�ƭřƺƣ�źě�ƽŚƷŶƳŻŚſ� 

�ƶŝ� ƂƿřŶū� ŭƺƐſ� Ʋƿř� Źŵ� ƾĭŵŹƺų� Ʋǀģ� Śŝ� ƵřźººưƷ� ƂƬƀĭ� ľǇƺººƇř
ƽŶƴŝ�ƶƿǇ�Śŝ�ƽŻřƺƯ�ƹ�ŮƐƀƯ�šŹƺƇ��flat� ��ƽŚƷŶƳŻŚſ�Źŵ�ƾƫƹ�ŶƃŚŝ�ƾƯ

ĦºººƧ�šŹƺººƇ� ƶŝ�ƂƬƀĭ� ƭřƺƣźě��ramp��ŵźººƨƬưƗ� Śŝ� ƹ�ŶƴƧ�ƾƯ�ƪưƗ�
ģ�ƕřƺƳř��ƾĭŵŹƺų�Ʋǀģ�Śŝ�ƎººŞţźººƯ�ƽŚƷ�ƪºƀĭºǀ�Ţſř�ƲƨưƯ�ƾĭŵŹƺų�Ʋ

ƶºƤƐƴƯ�Źŵ�Ŷƿō�ŵƺūƹ�ƶŝ� ��ƾŞƀƳ�ƭřƺƣ�ŵŹƺƯ�Źŵ�ƵŶƃ�ƱŚǀŝ�ŜƫŚƐƯ�ƶŝ�ƶūƺţ�Śŝ
ƶƿǇ�ƹ� ŚƷ�ºƯŹ� ƽŶƴŝ� ƶƤŞƏ� � ƲǀǀƘţƾƯ� ŚƸƳō� ŵŹƺƯ� Źŵ� ƽż�ƱŚưŤųŚſ� Ʊřƺţ��ƽŚƷ

ƶŝ�řŹ�ƶƘƫŚƐƯ�ŵŹƺƯ�ŵźƧ�ƽŶƴŝ�ƶŤſŵ�źƿŻ�šŹƺƇ���
�ƪƨƃ�ŹŵèƵŶƃ�Ƶŵřŵ�ġƺƧ�ƾƨƿżǀƟƺŗĥ�Ɓźŝ���migrated�Ŷƃ�źǀƀƠţ�ƹ��Żř�Ƶ

Ţſř�ƵŶƃ�Ƶŵřŵ�ƱŚƄƳ�ŶǀƠſ�ŢƠƳ�ƱŚưŤųŚſ� ��ƵŵŹ��ƽŹŚưſō�ƢƟř�Źŵ1B�Źŵ��
�ƵŵŹ�ƵŶŝŚě�ƢƟř1AƵŵŹ�ƭǈƿř�ƢƟř�Źŵ�ƹ�1Būƺţ�Śŝ�ƶƧ�ŵƺƃ�ƾƯ�ƵŶƷŚƄƯ�º�ƶŝ�ƶ
ƶƿǇ� žƴū�ŚƷ��źƔƳ� ƶŝ� ƾƤƐƴƯ� ƽźǀĭ� ƶŬǀŤƳ� Ʋƿř� ŚƷ� ƶƿǇ� ƭřƺƣ� ƝǈŤųř� ƹ

ƾƯ�ŶſŹ���
ƪƨƃéƷ�ƱŚưŤųŚſ� ƵŶƃ� źǀƀƠţ� ƹ� ƵŶƃ� Ƶŵřŵ�ġƺƧ�ƾƨƿżǀƟƺŗĥ�Ɓźŝ��ƪƨŤƠ
Ţſř����ƵŵŹ�ƽŹŚưſō�ƢƟř�Źŵ�ŵƺƃ�ƾƯ�ƵŶƿŵ�ƪƨƃ�Ʋƿř�Źŵ�ƶƧ�ƱŚƴģ1B�Źŵ��

�ƵŵŹ�ƵŶŝŚě�ƢƟř1CƵŵŹ�ƭǈƿř�ƢƟř�Źŵ��1B�ƵŵŹ�ƾƯŵĦƧ�ƢƟř�Źŵ�1A��ƢƟř�Źŵ�ƹ
�ƵŵŹ�ƱŚƿŹřŵ1Bŵŵźĭ�ƾƯ�ƶƔůǈƯ����

�ƪƨƃ�ê�ƲǀţŚƯŚƯ�ƱŚưŤųŚſŻř�ƵŶƃ�źǀƀƠţƹ�ƵŶƃ�Ƶŵřŵ�ġƺƧ�ƾƨƿżǀƟƺŗĥ�Ɓźŝ�
Ţſř��Ư�ƶººƔůǈƯ�ƶƧ�ƶƳƺººĭ�ƱŚưƷ�ƵŵŹ�ƽŹŚººưſō�ƢƟřŹŵ�ŵŵźĭ�ƾ1B�Źŵ�

�ƵŵŹ�ƾěŹƺĭ�ƢƟř1A�ƵŵŹ�ƭǈƿř�ƢƟř�Źŵ��1B��ƵŵŹ�ƾƯŵĦºººƧ�ƢƟř�Źŵ�ƹ1A�
ŵƺƃ�ƾƯ�ƵŶƿŵ���

� ƪƨƃë�ƱŚºưŤųŚſ� ƵŶƃ� źǀººººƀƠţ� ƹ� ƵŶƃ� Ƶŵřŵ� ġƺƧ� ƾƨƿżǀƟƺŗĥ� Ɓźŝ�
ƾſŹŚě���ƹ�ŢſřŹ�Ţưſ� Źŵ� ƾſŹŚě� ƱŚưŤųŚſ� ƹŵ� Ʊō� Źŵ� ƶƧ�Ţſř� ŪƳźƧ

ŵŵźĭ�ƾƯ� ƶƔůǈƯ�Ěģ�Ţưſ� Źŵ�ŪƳźƧ� �ř� Źŵ�ƽŹŚưſō�ƢƟř� Źŵ�ƪƨƃ�Ʋƿ
ƵŵŹ1B�ƵŵŹ�ƵŶŝŚě�ƢƟř�Źŵ��1A�ƵŵŹ�ƥƹźſ�ƢƟř�Źŵ�ƹ�1B�ŵƺƃ�ƾƯ�ƵŶƷŚƄƯ���

�ƪƨƃìŢſř�ŪƳźƧ�ƵŶƃ�źǀƀƠţƹ�ƵŶƃ�Ƶŵřŵ�ġƺƧ�ƾƨƿżǀƟƺŗĥ�Ɓźŝ����ƲƿřŹŵ
�ƵŵŹ�ƽŹŚưſō�ƢƟř�Źŵ�ƪƨƃ1B �ƵŵŹ�ƵŶŝŚě�ƢƟř�Źŵ�ƹ�1Aŵƺƃ�ƾƯ�ƵŶƿŵ����

ŴƯ�ƽŚƷ�ƢƟř�ƶƧ�ŵƺƃ�ƾƯ�ƶƔůǈƯ�ŚƷ�ƱŚưŤųŚººººſ�ƾƯŚưţ�ŹŵƾƳżº���ƽŹŚưſō
ƱŚƿŹřŵ�ƹ�ƭǈƿř��ƥƹźſ��ƵŵŹ1BƾƯ�ƱŚƄƳ�ŵƺų�Żř�řŹ��Ĭƴſ�ƽŚƷ�ƢƟř�ƹ�ŶƴƷŵ
�Ƃƃƺě�Ĭƴſ�ƹ�ŐƄƴƯ�ƾƯŵĦƧ�ƹ�ƾěŹƺĭ��ƵŶŝŚě���ƵŵŹ1AƾƷŚĭ�Śƿ�ƹ�1C�řŹ�

ŶƴƷŵ�ƾƯ�ƱŚººƄƳ�ŵƺų�Żř�ƾĭŵŹƺų�Ʋǀģ�ƾƬƧ�ŹŚƧƹŻŚſ�ƶŝ�ƶŝ�ƶūƺţ�Śŝ���
��
è���ƂƬƀĭ�Śŝ�ƾĭŵŹƺų�Ʋǀģ�ƍŚŞţŹř�ƹ�ŚƷ�ƶƬƀĭ���

ŵ� Ʋǀģ� ƕƺƳ� ƶſŚƯƺưƗƾƯ� ƪƨƃ�ƂƬƀĭ� Śŝ� ƍŚŞţŹř� Ź���ŶƳźǀĭ�� ƪƨƃíō� ��ƶƧ
� ƶºƬƀĭ�Ʈų�Ʋǀģ� Żř� ŶƴţŹŚŞƗ�fault-bend folding�ǀģ� �ºººººƽƹźºƄǀě�Ʋ�

ºƀĭºººººººƶƬ�fault-propagation folding)�(�ǀģ�ƹººººººººººººƄºƿřŶū�Ʋƾ��
�detachment folding� ���ŚƸƴţ�ƩŶƯ�ƶſ�Ʋƿř��ƾſŶƴƷ�ƪǀƬŰţ�ƹ�ƶƿżŬţ�Źŵ�

źĭ� źƔƳ� Źŵ� ƱƹŶŝ� ƹ� ƶººſŶƴƷ� ƵŚĭŶƿŵ� Żř�ƦǀƳŚƨƯ� Śƿ� ŹŚƧƹŻŚººººººſ� ƲŤƟ
ŶƳƺƃ�ƾƯ�ƞƿźƘţ���Śŝ�ƎŞţźƯ�Ʋǀģ�źĮƿŵ�ƕƺƳ�Ʀƿ��Ʋǀģ�ƕƺƳ�ƶſ�Ʋƿř�źŝ�ƵƹǈƗ

�ŢŴƿŹ�ơŚţ�ŢºƃŚŞƳř��ƂƬƀĭ�antiformal stack���Źƺƌů�źŧř�źŝ�ƶƧ�Ţſř
ƶºŤƄěƹŵ�ƽŚƷ�ƱŚưŤųŚſ��duplex��ŵźǀĭ�ƾƯ�ƪƨƃ���ƪƨƃíś�����

�ƶǀůŚƳ�Żř�ƶƧ�ŶƷŵ�ƾƯ�ƪǀƨƄţ� řŹ�ƾĭŶƳřŹ�ƵŹřƺƿŵřźƟ� ŚƯƺưƗ�ƶƬƀĭ�Ʈų�Ʋǀģ
Ţſř�ƵŶƃ�ƪƤŤƴƯ�ƾĭŶƳřŹ�ŮƐſ�ƽƹŹ�źŝ�ĦƧ���ƍŚŞţŹř�żǀƳ�ƶƬƀĭ�ƽƹźƄǀě�Ʋǀģ

ŵŹřŵ� ƲƿźƿŻ� ƾĭŶƳřŹ� ĦººƧ� ƪŰƯ� Śŝ� ƾưǀƤŤƀƯ� ��ƩŚŞƳŵ� ƶŝ� ƶƬƀĭ� Ʈų� Ʋǀģ
�ƱŚƯŻ�ƮƷ�ƶƬƀĭ�ƽƹźƄǀě�Ʋǀģ�ƶƧ�ƾƫŚů�Źŵ��ŶŝŚƿ�ƾƯ�ƁźŤƀĭ��ĦººƧ�ƪǀƨƄţ

ƇŚƟǈŝ�ƹŵƺƃ�ƾƯ�ƪǀƨƄţ�Ʋǀģ�ĦººƧ�ƽǇŚŝ�Źŵ�ƶƬ� ���ƶƬƀĭ�ƽƹźƄǀě�Ʋǀģ�Źŵ
�ƹ�ŶŝŚƿ�ƾƯ�ƂƷŚƧ�ĦƧ�ƪŰƯ�ƩƺƏ�Źŵ�ŚŬƿŹŶţ�ƾĭŶƳřŹ�ƽŚŤſřŹ�Źŵ�ƾƿŚŬŝŚū

ŶſŹ�ƾƯ�źººƠƇ�ƶŝ��Ʋǀģ�ƽŚººººƸŤƳř�Źŵ���ƶƳŚƄƳ�ŢƤǀƤů�Źŵ�Ʋǀģ�ŢƫŚů�Ʋƿř�Źŵ
�ƾºƄƳźƧ�ƾŤųŚƴƃ�ƲǀƯŻ�ƾŤŴƿŹźĭŵ���ƶƬƀĭ�Ʀƿ�Źƺƌůźŝ�ŢƫǇŵ�ƶƧ�Ţſř

ŵŹřŵ�ƾƄƿřŶū�Ʋǀģ�ƾĭŶƳřŹ�Ʀƿ�ƽŚƸŤƳř� Źŵ� �ƶƬƀĭ�ƽƹźƄǀě�Ʋǀģ� ŶƴƳŚưƷ�
ŶŝŚƿ�ƾƯ�ƁźŤƀĭ��ū�Ʋǀģ�ƶƬƀĭ�ƽƹźƄǀě�Ʋǀģ�Ɲǈųźŝ�ŚƯřººº�Ʀƿ�Śŝ�ƾƄƿřŶ��

�ŮƐſ�Ʀƿ� ƽǇŚŝŹŵ� Ʋǀģ� ƶƨƬŝ� �ŵƺƃ� ƾưƳ� ƵřźưƷ� ƲƿźƿŻ� ƾĭŶƳřŹŹŵ� ĦƧ
ŶŝŚƿ� ƾƯ� ƁźŤƀĭ� ƾŤƃŚĮƳ� ƶƴǀģ� ƾƄƿřŶū� ���ŚƷ� Ʋǀģ� ƕƺƳ� Ʋƿř� ƽŚƸŤƳř� Źŵ
ƂººƿřŶū�ŮƐſ�ƽŚººŤſřŹ� Źŵ�ƾƿŚŬŝŚū�Źŵ� ŚŬƿŹŶţ�ƽŶƴŝ� ƶƿǇ� Śŝ�ƽŻřƺººƯ�

ŶſŹ�ƾƯ�źƠƇ�ƶŝ�ƭƺŝ�Ƃǀě�ŢƸū���
ƿ�ƽŚƸººŤƳř�Źŵ�ƶƧ�ƾººƴǀģººººººººƸƳ�ƾĭŶººƳřŹ�ƦººººƱŚº��blind thrust��Źřźƣ��
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ƾƯ��� ŵźǀĭ�Boyer & Elliott, 1982��ƽƹźƄǀě� Ʋǀģ�Ʀƿ� Śƿ� ƾŤƀƿŚŝ� �
ŶƃŚŝ�ƾºƄƿřŶū�Ʋǀģ�Ʀƿ�Śƿ�ƹ�ƶƬƀĭ��Ʋǀģ�ƾƫŚºưŤůř�ƽŚƷ�ƶººƐŝřŹ��ƾĭŶƳřŹ

ƨƯ�ƽŹŚĮƳ�ƶƴǀģ�řŹŶƴƧ�ƾƯ�ƲǀǀƘţ�ŚƷ�ƶƿǇ�ƾƨǀƳŚ���
�ƽŚƷ�ƶƬƀĭ�Żř�ƽŹŚǀƀŝ�ŶƷŵ�ƾƯ�ƱŚƄƳ�ƶƧ�Ţſř�ƵŶƯō�Ţſŵ�ƶŝ�ƽŵŚƿŻ�ŶƷřƺƃ

�ƂƿŚſźƟ�ŮƐſ�ƶŝ�ƾĭŶƳřŹ�ƲǀƯŻ�ŮƐſ���ƱƺººººƟŶƯ�šŹƺƇ�ƶŝ�ƹ�ŶƴſŹ�ƾưƳ
ŶƴƳŚƯ�ƾƯ�ƾƣŚŝ���ƵřźưƷ�ƾƬººººŞƣ�ƽŚƷ�ƾĭŶƳřŹ�Śŝ�ŚƷ�ƾĭŶƳřŹ�Ʋƿř�Żř�ƾƿŚƷ�Ƶƺĭ

ƾƯººĮƿŵ�ƽŚƷ�ƾĭŶƳřŹ�ƽƹŹ�źŝ��ŶƳƺƃ�źƹ�ŶƳźǀĭ�ƾƯ�Źřźƣ��ƱŚưŤųŚºººººſ�ƽŚƷ�
�ƪƨƃ�žººƿŶƣŚţ�Ʀƿ�ŚƷ�Ʊō�ƽǇŚŝ�Źŵ�ƶƧ�ŶƴƷŵ�ƾƯ�ƪǀƨƄţ�řŹ�ƽř�ƶººŤƄěƹŵ

ŵźǀĭ� ƾƯ� �� ƪƇŚů� ŹŚŤųŚſ� ƶºſŶƴƷùŢŴƿźƣŚţ� ŢƃŚŞƳř� ù�antiformal 

stack��ŵƺƃ�ƾƯ�ƵŶǀƯŚƳ��Thompson, 1981�� ��ƪƨƃí�ŶƷŵ�ƾƯ�ƱŚƄƳ�ś
ǀĮƿŚū�ŜŞſ�ƶŝ�ŢŴƿŹ�ơŚţ�ŢƃŚŞƳř�ƱŚưŤųŚſ�ƶƳƺĮģ�ƶƧ�ƾĭŶƳřŹ�Ʀƿ�ƽź

�ƪƨƃ� ƽŶƴŝ� ƶƿǇ� ŮƐſ� ƽŚŤſřŹ� Źŵ� ŵƺūƺƯ� ƾĭŶƳřŹ� źƿŻ� Źŵźţ� ƝŹĥ
ƾƯ�ŵźǀĭ���ƩŚƈƠƳř�ŮƐſ�Żř�ƵŶƳƹŹ�Ƃǀě�šŹƺƇ�ƶŝ�ƾƿŚŬŝŚū��ƶŤƄěƹŵ�Ʋƿř�Źŵ

�ƪƀĭ� ƶŝ� ŲſŚě� Źŵ� ƹ� ŵƺƃ� ƾƯ� ƪƤŤƴƯ� ƾƿǇŚŝ� ƩŚƈƠƳř� ŮƐſ� ƶŝ� ƾƴǀŗŚě
ŵƺƃ�ƾƯ�ƪǀƨƄţ�żǀƳ�Ʋǀģ��ƾĭŵŹƺų���

Suppe (1983)�� ƽŚƷ� ƾĭĦºƿƹ� źŝ� ƶººǀƨţ� ŚŝºƷ� ƲººǀģŚ�Śŝ� ƎºŞţźƯ� ƽ
�ƂºººƬƀĭ���ĢƿŹ�ƩŶƯRich,1934�Ʋǀģ�ƪŝŚƤŤƯ�ƍŚŞţŹř�ƹ����Ʀƿ��ƾĭŶƳřŹ

�ĦºººººƧ�ƽŚƿřƹŻ�ŢŞƀƳ�ƹ�Ʋǀģ�ƾƫŚƿ�Ʋǀŝ�ƶƿƹřŻ�ƶƐŝřŹ�ƶƿŚě�źŝ�ƾƴŰƴƯ�ƶƗƺưŬƯ
�ramp� �� ŵźƧ�ƞƿźƘţ� ĦººƧ� ƲǀŗŚě� ƹ� ǇŚŝ�� ƪƨƃî� ���Ʋƿř� ƶƧ� Ʊō� ŵƺūƹ� Śŝ

ŶƴŤƀǀƳ� ƱŵźƧ� ƶƳŻřƺºƯ�ƽŚƷ�ƁƹŹ�ƾĭŵŚſ� ƶŝ� ŚƷ�ƪǀƬŰţ�ƶǀƫƹř�Ǝƿřźƃ�ƾƫƹ� �
�ƱŵźƧ�ƶƳŻřƺƯ�ƮŬů�ƱŵźƧ�ƒƠů���ŶƷŵ�ƾƯ�ƪǀƨƄţ� řŹ�ŚƸƳō�šǇŵŚƘƯ�ƱŚǀƴŝ

�Ʊō�Źŵ�ŵƺºūƺƯ�ƾſŶºƴƷ�ƎŝřƹŹ�ƶƧ�ƾĭŶƳřŹ� º�Ʋǀģ�ƶƳŚƯŚſ�Ʀƿ��ƶºŬǀŤƳŹŵ
�Ţſř�ƶººƳŻřƺºƯ�ƪŝŚƣ��ŶƃŚŝ�ƵŶƃ�ŵŚƸƴƄǀě�šŚºǀƋźƟ�ƹ�ŚƷ�ƾƴŰƴƯ�Śŝ�ƶƀƿŚƤƯ�ƪŝŚƣ��

�Suppe & Medwedeff,1984;  Suppe,1983�����
ƹŹ� ƽŚƷ�Ɓſ� Żř� ƶºƴǀƯŻ� Ʋƿř� Źŵ� ƾƳƺºĭŚºƳƺĭ� ƽƺDahlstrom (1969)��

Suppe (1983)�ƹSuppe & Medwedeff (1984)�Ţſř�ƵŶƃ�ŵŚƸƴƄǀě��
�ƪŝŚƣ� ƽř� ƶǀůŚƳ� ƽŚƷŹŚŤųŚſ� ƽŻŚſŻŚŝ� ƽřźŝ� ƾƬººǀƬŰţ� ƽŚƷ� ƁƹŹ� Ʋƿř

�ŶƴŤƀǀƳ�ƵŵŚººººƠŤſř��ƩŚŨƯ�ƽřźŝSuppe, 1980���ƽřźŝ�ƾƿŚưƴƷřŹŀŚŰǀūźţ�ƶƨƬŝ
�Ʋǀģ�ƱŵźƧ�ƶƳŻřƺƯŶƴŤƀƷ�ƵŶƳřŹƹŹ�ƶƤƐƴƯ�Ʀƿ�Źŵ�ŵźƠƴƯ�ƽŚƷ���

Ʋǀģ�ƽŚƷ�ŶƴŝźưƧ�ƽřźŝ�ƵŶƃ�ƱŚǀŝ�ƽŚƷ�ƩŶƯ�ƶŝ�ƶūƺţ�Śŝ���ƾſŹźŝ�ƹ�ƾĭŶƳřŹ
�ƾŤƠƳ�ƱřŶǀƯ�ƶƧŶººſŹ�ƾƯ�źƔƳ�ƶŝ��ƞƬŤŴƯ�ƽŚƷ�ƱřŶǀƯ�Żř�ƽř�ƵŻźƫ�ƽŚƷ�űźưǀƳ
�ƶƧŶƷŵ� ƾƯ� ƱŚƄƳ� řŹ�ŢŴƿŹ� ơŚţ�ŢºººƃŚŞƳř� ƾĭŵŹƺų�Ʋǀģ� ƩŶƯ� ƪºƨŤƠƷ

Ƴ� ƝŹĥ� ƽŚƷ� ƢƟřŹŵ� ƶƏƺŝźƯ� ƽŚƷ� Ƶƺºĭ�ƾŝƺų� ƶŝ� ƽř� ƵŻźƫ� ƽŚƷ� űźưǀ
� ŶƳŵƺƸººƄƯ�� ƪƨƃæå� ���Ʈų� ƾĭŵŹƺų� Ʋǀģ� ƩŶƯŶǀƠſ�ŢƠƳ� ƾŤƠƳ� ƱřŶǀƯ

�ŶƷŵ�ƾƯ�ƱŚƄƳřŹ�ƶƬººººƀĭ��ƪƨƃææ����Ʋǀŝ�ƶƿƹřŻƹĦƧ�ƶƿƹřŻ�ƽźǀĭ�ƵŻřŶƳř�Śŝ
� ƪƨƃ� ŹřŵƺưƳ� ƽƹŹ� źŝ� Ʊō� ƢǀŞƐţ� ƹ� ƱŚưŤųŚſ� Ʋƿř� Źŵ� ƾƫŚƿî�Ʊřƺţ� ƾƯ� ō

ŵźƧ�ƆŴƄƯ�řŹ�ƱřŶǀƯ�Ʋƿř�Źŵ�ƾĭŵŹƺų�Ʋǀģ�ŢǀƘƋƹ��ƱŚƴģŹřŵƺưƳ�Źŵ�ƶƧ��

�ƪƨºººººƃîƴƷ��ŵŵźĭ�ƾƯ�ƵŶƷŚƄƯ�ōŶ�ƶƿǇ� Śŝ�ƾƴŰƴƯ�ƽƹŹ�Źŵ�Ʋǀģ�Ʋƿř�ƶſ
�ŢƤŝŚƐƯ�ŵƺūƺƯ�ƶſŶƴƷ�Śŝ�ƶƧ�ŵźǀĭ�ƾƯ�Źřźƣ�Ţųřƺƴƨƿ�ƽřźŞŤſ�ƽřŹřŵ�ƽŶƴŝ

ŵŹřŵ���
ƾƯ�źǀººƀƠţ�ƶƬƀĭ�ƽƹźƄºǀě�ƾĭŵŹƺų�Ʋǀģ�ƕƺƳ�Żř�ƾºſŹŚě�ƾºŤƠƳ�ƱřŶǀƯ��ŵƺƃ

�� ƪƨƃæç� ��ĦƧ� ƶƿƹřŻ� ƽźǀĭ� ƵŻřŶƳř� Żř� žě��á�ƿƹřŻ� ƹƾƫŚƿ� Ʋǀŝ� ƶ�ã��
�ƽƹźºººººƄǀě�ƾĭŵŹƺų�Ʋǀģ�ƶſŶƴƷ��ŹřŵƺưƳ�ƽƹŹźŝ�ƶƏƺŝźƯ�ƶƐƤƳ�ƱŶǀºƄƧƹ

ƶƬƀĭ��ƪƨƃîś���ƾƴŰƴƯ�ƽƹŹ�źŝ�Ʋǀģ�Ʋƿř�ƶſŶƴƷ�ŵŵźĭ�ƾƯ�ƆŴƄƯçê��
�űźưǀƳ�ƶſŶƴƷ�Śŝ�ƽŵŚƿŻ�ŵƹŶů�Śţ�ƶƧ�ŵźǀĭ�ƾƯ�Źřźƣ�ƩŚƿ�Ƃǀě�ƾĭŶƃ�źºŞŤſ

ŵŹřŵ�ŢƤŝŚƐƯ�Ʋǀģ�Ʋƿř���
� ĦƧ�ramp��ŢŴţ� Śƿ��flat� �ººưǀƳ� Źŵ�ƾƈŴƄƯ�ƽŏ� ƵŻźƫ�śŚţŻŚŝ�ƽŚƷ�űźº

�ŵƺºƃ�ƾººưƳ�ƵŶºƷŚƄƯ�ƲººǀţŚƯŚƯ�ƹ�ŪººƳźƧ�ƾººŤƠƳ�ƽŚƷ�ƱřŶǀƯ��ƪƨƃæè���ƹ
�Ʋǀģ�ƩŶºƯ�Śŝ�ǇŚưŤůř�ŚƷŹŚŤųŚºſ�Ʋƿř�Źŵ�ƾĭŵŹƺų�Ʋººǀģ�ƵŵŚººſ�ƶººſŶººƴƷ

ŵŹřŵ�ŢºƤŝŚƐƯ�ƾƄƿřŶū�ƾĭŵŹƺų���źŝ�ŚƷ�Ʋǀģ�Ʋƿř�ƶºŶƴƷ�ŢºǀƘƣƺƯ�ƲǀǀƘţ�Śŝ
�ƶƏƺŝźƯ�ŹřƺưƳ�ƽƹŹ��ƪƨƃîę��ŹŚººƨººƃō�Źŵ�ŹƺººŝżƯ�ƽŚƷ�Ʋººǀģ�ƶƧ�Ŷƃ�

�ŢǀƘƣƺƯ� �ŹřŵƺưƳ� Ʋƿřøƪů� ƵřŹ� ƱƹŶŝ� ù�ƵŹŚŝ� Źŵ� řŸƫ� ŶƴƴƧ�ƾƯ� ƩŚƜººººƃř� řŹ
ŵƺưƳ�ƪưƗ�ƍŚǀŤůř�Śŝ�ŶƿŚŝ�ƾƄƿřŶū�ƽŚƷ�Ʋǀģ�ƱřƺƴƗ�ƶŝ�ŚƷ�Ʋǀģ�Ʋƿř�źǀƀƠţ���

��
é��ƽźǀĭ�ƶŬǀŤƳ��

�ƾŤƠƳ�ƽŚƷ�ƱřŶǀƯ�ƱƺĭŚƳƺĭ�ƽŚƷ�ƢƟřŹŵ�ƾĭŵŹƺų�Ʋǀģ� ƶººººſŶƴƷ�ƾſŹźŝ
ŚƯŚƯ� �ƪƨŤƠƷ� �ŶǀƠſ� ŢƠƳ�ƩƺººƟŻŵ� ŢƀƄƳƹźƟ� Źŵ� ƾſŹŚě� ƹ� ŪƳźƧ� �Ʋǀţ

� ƾƳżŴƯ� ƽŚƷ� ƢƟř� ƶƧ� Ţſř� ƶŤųŚſ� ŹŚƨƃō��ƹ� ƭǈƿř� �ƥƹźſ� �ƽŹŚưſō
ƱŚºƿŹřŵ����ƾĭŵŹƺºų�Ʋººǀģ�ƵŵŹ1B�Ĭƴſ�ƹ�ŐººººººƄƴƯ�Ĭƴſ�ƽŚƷ�ƢºººƟř�ƹ�
�Ƃƃƺě�ƾƯŵĦƧƹ� ƾěŹƺĭ� �ƵŶºŝŚě� �� � ƵŵŹ1A� ƾƷŚĭ� ƹ�1C�ƶŝ� ƶūƺţ� ŚŝřŹ�

Ʒŵ�ƾƯ�ƱŚƄƳ�ŵƺųŻř�ƾĭŵŹƺų�Ʋǀģ�ƾƬƧ�ŹŚƧƹŻŚſŶƴ���ƾĭĦƿƹ�Ʋƿř�ŢųŚƴƃ
�ƶƘſƺţƹ� ƾŤƠƳ� ƱŻŚŴºƯ� Ʋƿř� ƶſŶƴƷ� ƾƿŚſŚƴƃ� ƶŝ� ƽŵŚƿŻ� ƦưƧŶƳřƺţ� ƾƯ

ŶƿŚưƴŝ�ƩƺƟŻŵ�ŢƀƄƳƹźƟ�Źŵ�ƶŝŚƄƯ�ƱŻŚŴƯ� 

�ŵŹƺƯ�ƾŤƠƳ�ƽŚƷ�ƱřŶººǀƯ� Żř� ƽř� ƵŻźƫ�śŚţŻŚŝ�ƽŚƷ�űźưǀƳ�ƽŹŚŤųŚſ� źǀƀƠţ
�Źŵ� ŵƺūƺƯ� ƾƬƇřƹ� ƮƸƯ� ƽŚƷ� ƶƬƀĭ� źŤƄǀŝ� ǇŚưŤůř� ŶƷŵ� ƾƯ� ƱŚƄƳ� ƾſŹźŝ

ƟŻŵ�ŢƀƄƳƹźƟ� ƶǀůŚƳ�ƱŚŤºƀĮƴŝ� Ƶƹźĭ� źƿŻ� Źŵ�ƂƿřŶū� ŮƐſ�Ʀƿ� Źŵ� Ʃƺ
ŶƴŝŚƿ�ƾƯ�ƁźŤƀĭ�ǇŚŝ�ƽƺſ� ƶŝƹ�ŶƳźǀĭ�ƾƯ�ƪƨƃ� ��Ʊřƺţ�ƾƯ�ŢƸū�ƲƿřŻř

� ŦǀƷ� ŢƿŹŶǀƳř� ŻŹř� ƮƷ� ƽźǀŴŞţŵřƺƯ(Hith)�ƽŚƷ� ŶƳŻŚººſ� źƿŻ� Źŵ� ƶƧ� řŹ
ƱŚǀƬƸƟ�ŵźƧ�ŵŚƸƴƄǀě�ŹƺŝżƯ�ƂƿřŶū�ŮƐſ�ƱřƺƴƗ�ƶŝ��ŶƳŹřŵ�Źřźƣ�ƱƹŶºĭ�ƹ���Żř

ŝŹŵ�ƶƧ�ƾƄƿřŶū�ŭƺƐſ�źĮƿŵ�ƽƺſ�ŶǀƠſ�ŢƠƳ�ƱřŶǀƯ�ƁźŝŶƴƳŚƯ�ƾƿŚƷ�Ɓź
�Ƶƹźĭ�ƽźǀŴŞţ�ƽŚƷŶƳŻŚſ�Źŵ�ŶƿŚŝ��ŵƺƃ�ƾƯ�ƵŶƿŵ�ƽŹŚưſō�ŶƳŻŚſ�ƽǇŚŝ�Źŵ

�ŽŹŚƟ�ƱřŹŚƀĤĭ�ŶƳŻŚſ��ŶƃŚŝ�ƶŤƃřŵ�Źřźƣ���
ưŤųŚſººººƱŚ�ƘƫŚƐƯ� ŵŹƺƯ� ƽŚƷººººƴƸě� Źŵ� ƶºººſ� ƶºººų� Ʋǀģ� ƵŵŚººº�ƵŵŹƺ
ĭřŻººººƀĭ�šŹƹŚŬƯ� Źŵ� ƹ�ŽźººººƳřŹ� ƽŚƷ� ƶƬºººƄƳƹźƟ� ƮƸƯ� ƾĭŶºººº�Ţƀ



Ʋǀģ�İƄŞƴū�ƪǀƬŰţ�ƢƟř�Źŵ�İĭŵŹƺų�ƱřŶǀƯ�ƱżŴƯ�įŚƷ�İŤƠƳ�įŚƷ�ƩƺƟŻŵ�ƾĭŵŚŤƟřƹźƟ�Źŵ�Ɩƣřƹ��
 

      �ƱŚŤƀŝŚţ�ƹ�ŹŚƸŝíè�ƩŚſ��ŻŚƿƵŹŚưƃ��ƮƷŵ�êæ�êç                                    ì ��
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