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Abstract 
      Kareh Bas fault system with a total length of more than 200 km is a nearly N-S trending transverse fault system  in Zagros 
fold and thrust belt. This system is situated about 40 km in the west of Shiraz.  
Having a right-lateral strike slip fault system and based on its geometry, it consists of six structural segments. 
In this paper for the first time, the type and attitude of Mountain Front Fault (MFF) have been determined by data integration 
and Kareh Bas fault system, that caused approximately 109 km strike separation of MFF, has also been introduced as a 
transcurrent fault system. In addition, the role of this fault system in the basin partitioning, thickness and facies controlling of 
sediments since Middle Cretaceous is discussed. Finally, fractal dimensions have been analyzed on spot space image maps. 
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ƾƯ�� Żř�Ƃǀŝ�ŜŞſƹ� ŶŝŚƿÓƺƬǀƧ���ƂƿřŶū� źŤƯŤſřŹ� ƾƿŚŤſřŹŵźĮ�žƿŶƣŚţ� Źŵ�
Ţſř�ƵŶƃ�űŚǀſ���ƵŶƃ�ŦƗŚŝ�ƹ�ƵŶƿźŝ�řŹ�űŚǀſ�žƿŶƣŚţ�ŹƺŰƯ�ƾƬƀĭ�ŠƘƐƣ�Ʋƿř

žƿŶƣŚţ� Ʋƿř� ŠŤƀƷ� Źŵ� ŵƺūƺƯ�ƦưƳ� Śţ�ƵƺƧ�ƦưƳ� �Ŷſźŝ� ŮƐſ� ƶŝ� ��žĜſ
ƾƬƀĭ� ŠƘƐƣ� Ʋƿř� ƽźŤųŚŝ�ƥƺƬŝ�ŢƧźů�ſ� ƩŚưƃ�Ţưſ� ƶŝ�Śţ� ƵŶƿŵźĭ�ŜŞ

�ƵŶƯō�ǇŚŝ�ƾƨưƳ�şŵƺţ�Żř�ƾƄŴŝ��ƪƤŤƴƯ� ŵƺų�ƾƬƇř�ƪŰƯ�Żř�ŪƿŹŶţ� ƶŝƺƃŵ��
�ŦƗŚŝ�ƪưƗ�Ʋƿř�ƾƿřŶū�ƹ�ƵŶƿŵźĭ�ƵŶƃ� řŶū�ƾƨưƳ� şŵƺţ�ƵŶƴƴƧ�ƶƿŸƜţ�ŠƄƿŹ

��ƾƨưƳ�şŵƺţ�ƾƬƇř�ƮŬů�ƶŝ�ŢŞƀƳ�Ʊō�ŹŚƄƨưƳ�ƁźŤƀĭ�ƭŶƗŒƯ�ŜƬƐƯ�Ʋƿř�Ŷƿ
Ţſř���

� Śŝ�ƮŬƴě�ŠƘƐƣƽřŻřŹŵ�Żř�Ƃǀŝ�ÏÒƺƬǀƧ��ƮƧ��źŤƯ�ƹ�Ƃǀŝ�ŠƬƇŚƟ�Źŵ�ƹ�šřŻřƺƯ�ƶŝ�
�ƲǀĮƳŚǀƯÑƺƬǀƧ���ƩŚƿ�Źŵ�Ɩƣřƹ�ƾƨưƳ�şŵƺţ�śƺƴū�Żř��ƭŹŚƸģ�ŠƘƐƣ�ŹƹŚų�ƽźŤƯ

� Źŵ� ŵƺūƺƯ� �ƾĭŶƳřŹ� ƶŝ� ƹ� ŻŚƛō�űŚǀſ�žƿŶƣŚţ�ƾŝƺƴūƶŤƀƷ�ƶƯźſ�žƿŶƣŚţ�
ƾƯ� ƱŚƿŚě�ŵźƿŸě(Evers et al.,1977)� �Ʀƿ� ƽřŹřŵ� ƶƘƐƣ� ƲƿřƽŹŚƄƟ� ƶƬě��

(restraining step)� Źŵ�śƺƴū�ƽŚƸŤƳř�� ƽŹƹŚųŚţ�Źŵ� ƹ� Ƶŵƺŝ� ƺţŹŚų�žƿŶƣ
� ƶŬǀŤƳƾĭŵŻǇŚŝƾƳŚƸū��źĭŵ� źŧř� Źŵ� řŹ�ƪƨƃ� ƾƬƨƃ�� ŵŚŬƿř� ƶǀƫƹř� źƿŸěƵŵźƧ�
Ţſř���ƹ�ƲƿŹōƱřźĮƿŵ�ÎÐÕÎ���ŵŚŬƿřŝ�Ʋƿř�ŵŻǇŚƾŝƺſŹ�Ƃƃƺě�Źŵ�ƾĭ��ŜŞſ�

�Źŵ�ƾƸūƺţ�ƪŝŚƣ�ƦưƳ�ƖưŬţƶŤƀƷ�ƾĮŤŴǀƀĭ�ŠƘſƺţ��žĜſ�ƹ�Ţſř�ƵŶƃ�Ʊō�
ƎŝřŹ� ƪě� Źŵ(bridge)�ŚƟŶů� Źŵ� Ɩƣřƹ� ƾĮƴſ� Ƶźƨǀě� Śƿ�ƹ� ƾƫŚưƃ�ƂŴŝ� ƪƇ

� ƮŬƴě� ƶƘƐƣ� ƾŝƺƴū�źĭŵ�ƽŶƘŝ� ƵŶƴƴƨƃ� ƾƬƨƃ� �Ŷƃ�ŦƗŚŝƵ�ŢŰţ�ƦưƳ� Śţ�
ŹŚƄƟ�ƾƳŚƸū�ƵƺƧ��Ŷſźŝ�ƲǀƯŻ�ŮƐſ�ƶŝ� �ƵřźưƷ�ƶſŶƴƷ�Żř�ƪƇŚů�ŹŚƄƟ�ƱŶƃ�

ƾě�ƮƧ�ƽŚƟŹĥ� ƹ� ƶƬě� ƵŶƳŹŚƄƟ�ƶƤƐƴƯ�Ʋƿř� Źŵ�Ĭƴſ�� ŵƹŶůÕƺƬǀƧ���ƹŵ� ƶƧ� źŤƯ
ƺƬǀƧ�ƾě� ƽŚƟŹĥ� Żř� źţǇŚŝ� źŤƯ�Ţſř� ƦưƳ� ƵƺƧ� Źŵ� Ĭƴſ� �Ƴ� ŦƗŚŝ�ŹŚƄƨư

ƵŵźŤƀĭ�Ţſř�ƵŶƃ�ŮƐſ�Źŵ�ƽř��ƪƨƃÑ����
�ƮƄƃ�ŠƘƐƣƶƳŚƯŚſƵźƧ�ƾƬƀĭ���Ƶźǀģ�ŵřŶŤƯř�Śŝ�žŝ°ÐÒÑ�ƽřŻřŹŵ�ƹ�ÐÑƺƬǀƧ���źŤƯ

�Źŵ�Ɩƣřƹ�ƾĭŶƳřŹ�ƶŝ�ƱŚưĭ�ƶŝ�ƹ� ŻŚƛō�ƺţŹŚų�žƿŶƣŚţ�ƽźŤųŚŝ�śƺƴū�ƩŚƿ� Żř
� ƶŤƀƷƾƯ� ƾƸŤƴƯ� ƾƿŚƿŹŵ�žƿŶƣŚţ�ŵƺƃ� Żř�Ƃǀŝ�ŦƗŚŝ� ƹ�ÎÏÒÍ�ƂƿřŶū� źŤƯ�
ƾƿŚŤſřŹŤſřŹ�ŵźĮƩŚƿ� Źŵ�Ţſř� ƵŶƿŵźĭ� ŹŚƸŝ�žƿŶƣŚţ� ƽŹƹŚų� ƩŚưƃ�� ��Ʋƿř

�ƪǀƨƄţ�ƽŚƸƨưƳ� Śţ� ƵŶƃ�ŦƗŚŝ�ƹ� ƵŶƿźŝ� řŹ� ŹŚƸŝ�žƿŶƣŚţ� ŹƺŰƯ� �ƾƬƀĭ�ŠƘƐƣ
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�ƵŶƴƷŵƶŤƀƷŶſźŝ�ŮƐſ�ƶŝ�Ʊō���ſ�Ʋƿř�ƾŝƺƴū�ƶƳŚƿŚěƶƳŚƯŚ�ƹ�Ţſř�ƩŚƘƟ�ƾƬƀĭ�
ƾƋŚŞƤƳř� ƾƀƬƟ� ƱŻŵŚŝ� Ʀƿ(contractional imbricate fan)�Ʊō� Źŵ�

ſƺţººŢſř� ƶŤƟŚƿ� ƶƘ��ǀţźţ� ƲƿŶŝºººººº�Ŝ�Ƹƴǀģººººººººº�ƾƬƀĭ� ƁźŤƀĭ� ƽŚ
(fault propagation folds)źŝ�ƾƿŚƿŹŵ�ƹ�ƙǈƧ��ŚƸǀĭŶƳřŹ�ƽƹŹƽ�ƶŝ�ƪƈŤƯ�

ſ�ƮƄƃ�ƶƘƐƣƶƳŚƯŚƵźƧ�ƾƬƀĭ��ŶƴŤƀƷ�ƶƘſƺţ�ƩŚů�Źŵ�žŝ���ƶƘƐƣ��Ʋƿř�źŝ�ƱƹżƟř
Ƅƃººººººſ�Ʋƿř�ƮƶƳŚƯŚƀĭ�ººƣřƹ�Źŵ��ƾƬººŤųŚŝ�ŻźƯ�Ɩºƽź  trap- door  block 

(Harding & lowell, 1979)ƾě�Śŝ�źǀĭŹŵ�ƾƬƀĭ�ƥƺƬŝ�Śƿ���Ĭƴſ�řŹ�ƭźƷŵ
Ţſř�Ƶŵřŵ�ƪǀƨƄţ���

��
ŦŰŝ��
ƮƸƯ�� ƲƿźţŹŚƧŚū� �ƾƬƀĭ� ƶƳŚƯŚſ� Ʋƿř� ŵźƧ�ƶŝ��ƱŚŤƀƷƺƧ� ŠƸŞū�ƪƀĭ� ƱŵźƧ� Śū

MFF)��Ţſř�� ��šřźƔƳ� �ƱŚŤƀƷƺƧ�ŠƸŞū�ƪƀĭ�ŢǀƘƣƺƯ�ƹ�ŢǀƷŚƯ� ŵŹƺƯ� Źŵ
� ƾţƹŚƠŤƯƵŶƃ� ƶŗřŹřŢſř�� �� ƪƀĭ� �ƩŚŨƯ� ƽřźŝƶƸŞūƱŚŤƀƷƺƧ���ƵŶƃ� ŭźƐƯ
ƎſƺţBerberian (1995)źưƧ� ƵŶƴƴƧ� ŵƹŶŰƯ��Ʋǀģ� Ŷƴŝ��ƵŵŚſ� ƵŵŹƺų

ſƺŗř�ƽŚƸƳƺưƴųŹ�ƹ�ŽźĭřŻƲ�ƽŹŚưſō�ƦƷō�ƲſƺĮǀƫř�º�Ţſř���
Berberian (1995)�ƪƀĭ�ƶƸŞū�ƱŚƸƴě�ƽŚƸǀĭŶƳřŹ�Żř�ƪƨƄŤƯ� řŹ�ƱŚŤƀƷƺƧ�

ƾƯ�īŹżŝ�ŚƳ�ŹƺƏ�ƶŝ�řŹ�Ʊō�źŧř�ƹ�ŶƳřŵ�ƹźƟ�Żř�ƶŤſƺǀě��źŤųŚŝ�Śţ�ƥƺƧźƧ�ƾĭŵŚŤƟř
ƾƯ�ƶƯřŵř�ƱƹŹŻŚƧ�ƪƀĭ�ŶƷŵ��žě��ƱƹŹŻŚƧ�ƪƀĭ�ŹƹŚų�Ţưſ�Źŵ�ƪƀĭ�ƶƯřŵř�

� ŻřƮƧ� Ţſŵ�ÎÑÍƺƬǀƧ��Śū� źŤƯ�ƶŝ�ŤſřŹ� ƾƿŚūŵźĮžƿŶƣŚţ� ƩŚưƃ� Żř����ŶƴƯ
(Mand)ƮƧ� ƹ� ŻŚƛō��ƹ�ŹŶƴŝ� ŠƤƐƴƯ� Śţ� ƾƬůŚſ�Ǝų�šřŻřƺƯ� ƶŝ�Ƃǀŝ��ŽŚŞƗ
ƾƯ�ƶƯřŵř�ŶŝŚƿ� �ŚƯřSepehr (2000)ƪƀĭ��ƶƸŞū��Ʀƿ�šŹƺƇ�ƶŝ�řŹ�ƱŚŤƀƷƺƧ

ǇŚŝ�ŵřźƟ�ƾĭŶƯō�ƵŹřƺƿ��ƾƬƇř�ƽř(Major hangingwall uplift)ƾƯ���ƶƧ�ŶƳřŵ
��ƽźǀƃźţ�ŹŵƶƸŞū�ŵŚŬƿř�ŜŞſ�ƲſƺǀƯ�Źŵ�ƹ�Ƶŵƺŝ�ŽźĭřŻ�ƾƬƨƃźĭŵ�ƾƬƇř�

ƶƋƺů�Ƃǀě� ƽŚƷƾƨƄų��(foreland)�ƹ� ƽźŤųŚŝ� śƺƴū� Źŵ� ŽźĭřŻ�
ƶƋƺů�ŢƄěźŝ�Źřƺſ�ƽŚƷ(piggyback)Ţſř� ƵŶƃ�ŵƺų�ƽŹƹŚų�ƩŚưƃ�Źŵ���

� ŦƗŚŝ� �ƱƹŹŻŚƧ� ƪƀĭ� Żř� ũŹŚưƧ� ŠƘƐƣ� �ŽŚſř� ƲƿřźŝÒÍƬǀƧ�ƺ��ƂƿřŶū� źŤƯ
ƾƿŚŤſřŹMFF�Żř� �ƱƹŹŻŚƧ� ƪƀĭ� ŹƹŚų�Ţưſ� Źŵ� Ʊō� ƶƯřŵř� ƹ� Ţſř� ƵŶƃ�

źſ�žƿŶƣŚţ�ƽźŤųŚŝ�śƺƴū�ƩŚƿ�śƺƴū�ƮƧ�ƹ� ŻŚƛō� �ƂƫŚŝ�ƹ��šřŻřƺƯ� ƶŝ�Ƃǀŝ
ŹŶƴŝ�ƶƤƐƴƯ�ƩŚưƃ�Śţ�ƾƬůŚſ�Ǝų��ƪŝŚƣ�ŽŚŞƗƽźǀĮǀěŢſř����

ƾƯ�ľŚƘƣřƹ�Śƿō�ŚƯř�źſ�ƽřźŝ�Ʊřƺţř�źưƧ�źſ�ƲǀƯŻ�ƶƧ�ŽźĭřŻ�Ŷƴŝ��Ĭƴſ�ƾě�ŢųŚſ
ƺě�ƹƃƵŶƄƳ�ƶŤųŚƴƃ�ƾŤſŹŵ�ƶŝ�ŻƺƴƷ�Ʊō�ƂŚƳ�ƪƀĭ�Ʀƿ����ƱřƺƴƗ�ƶŝ� řŹ�ƶŤſƺǀě

MFF�ŢƟźĭ�źƔƳ�Źŵ���ŲſŚě�Ʊŵƺŝ�ŢŞŨƯ�šŹƺƇ�Źŵ�ƾŤů��ŚƿōƾƯ��ŢǀƷŚƯ�Ʊřƺţ
ŹŶƴŝ�Śţ�ơřźƗ�Żř�řŹ�Ʊō��ŢƀƳřŵ�ƱŚƀƨƿ�ŽŚŞƗ��

ŢŴƿŹ� Źŵ� ŵƺūƺƯ�šřźǀǀƜţ� ƶŝ� ƶūƺţ� Śŝ� ƩŚů� źƷ� ƶŝ�ƃ��Ĭƴſ�ƾě�ŮƐſ�ƾſŚƴ
ƵŹŚƀųŹ�Ŷůřƹ� ƽřźŞŤſ� ƹ� ŚƷ�ƺſŹ� ƽŚƷ� Źŵ� ƾŝƽřŻřŹŵźưƧ���řŶŤŝř� �ŽźĭřŻ� Ŷƴŝ

�ŢǀƷŚƯ� ƹ�ŢǀƘƣƺƯ�ƲǀǀƘţMFF�ƪƈŤƯ� ƵŚĮƳō�ƹ� ƶƤƐƴƯ� źƷ�Źŵ�ƱŵźƧ�ƶŝ� ŚƸƳō�
ƾƯ�źƔƳ�ƶŝ�ƾŞſŚƴƯ�ƁƹŹ��źĮƿŶƨƿ�ŶſŹ���ƽřźŝ��ƂƷƹĦě�Ʋƿř�Źŵ�řŸƫƲǀŤƀŴƳ�ŹŚŝ�

Ƶŵřŵ�ƢǀƠƬţ� Śŝ�śƺſŹ�ƽŚƷ�ƶƴǀģ� �ƾſŚƴƃ�� �ƽŹŚĮƳŢųŚſ�ƲǀƯŻ�ƹ�ƲǀƯŻ��ƦƿżǀƟ�
ŢǀƘƣƺƯ�ƹ�ŢǀƷŚƯMFF�ƤƐƴƯ� Źŵ�ƆŴƄƯ�ƶƘƫŚƐƯ� ŵŹƺƯ�ƶŢſř� ƵŶƃ� ��Ʋƿř� źŝ

��ŽŚſřMFFƶƗƺưŬƯ��Ƭƀĭ�Żř�ƽřƃŹ�ƽŚƸŶ�ƽ(growth faults)��řŶū�ƵŶƴƴƧ
� ƝŹĥ� ƽŚƿŹŵŢƄƸƳƽƺƨſ� Żř� ƽŹƹŚų� ƩŚưƃ� Źŵ� ƵŶŝŚě� ŶƳŻŚſ�(shelf)�

ţŚƴŝźƧƾ� Źŵ� ƭźƸū� ŶƳŻŚſ� ƵŶƴƴƧ� ŵŚŬƿř�ūŢſř� ƽźŤųŚŝ� śƺƴ� ��ƩŚŞƳŵ� ƶŝ
Ʋǀģ��ƽŵŚƗ�Żř�ŚƸƬƀĭ�Ʋƿř�ŹŚƧƹŻŚſ��ŽźĭřŻ�ƾĭŵŹƺų�ƶŝƄƟººƽŹŚŢƟŚƿ�źǀǀƜţ� 

(Sepehr,2000)����Ţſř� ƱŚƿźū� Źŵ� żǀƳ� ƱƺƴƧř� ƮƷ� ƶƧ� ƵŶƿŶě� Ʋƿř� źŧř� Źŵ
ƾě�ŻŚŝ� ƩŚů� Źŵ�Ĭƴſ�� ŵƺų� ƶǀƫƹř�ƽřźŞŤſ� ƶŝ�ƲŤƄĭŢſř�ƶƧ�ƽźǀŴŞţ� ŵřƺƯ� ƹ�
Ŷů�ŻƹźƳŚƟ�ƾŝƺſŹ�Ƃƃƺě�ƹ�Ĭƴſ�ƾě�ƪƇŚƟƿƾƯ�ƪǀƨƄţ�řŹ�Ʀǀ�Ʒŵƴ�ƶŤƀƷ��Ŷ

ƾƯ�źě�řŹ�ŚƸƴǀģ�ƴƧƴŶ���
Sepehr (2000)ƀĭ�ººƵźƧ� ƪ�žŝƦƿ� šŹƺƇ� ƶŝ� řŹ�ƾŞƳŚū� ĚƯŹ�����
(Lateral ramp)�ƪƀĭ�Ʋǀŝ�ƶƸŞūŽźĭřŻ�ƪƀĭ�ƹ�ƱŚŤƀƷƺƧ���ƖƠţźƯ(HZF)�

Ţſř� ƶŤƟźĭ� źƔƳ� Źŵ��ƽŵźūżƿ�ÎÐÕÍ�� �ƾƿřŻřŹŵ� ŵƹŶů� Źŵ�ÏÒÍƺƬǀƧ���řŹ� źŤƯ
�ƽřźŝ�Ʋƿř� ƶƴƸěƬƀĭƾ�ƵŵźƧ� ŵŚƸƴƄǀě�ƖƠţźƯ�ŽźĭřŻ�ƪƀĭ�Żř� řŹ�Ʊō�ƹ�Ţſř�

(HZF)źǀƣ�ƪƀĭ�źŤųŚŝ�Śţ���Ɩƣřƹ�ƾĭŶƳřŹ�ŠƯřŵřƶƯźſ�žƿŶƣŚţ�ŠŤƀƷ�Źŵ����ƶƯřŵř
Ưºººƾ�ƾƯ�ŭźƐƯ�řŹ�ƩŚưŤůř�Ʋƿř�ƹ�ŶƷŵ��Ʋƿř�ƶƧ�ŵŻŚſƶƴƸěƬƀĭ�ºººƦƿ��ƾ�ĚƯŹ�

ƾººŞƳŚū śƺƴū�Źŵ�źǀƣ�ƱŚƸƴě�ƪƀĭ�Żř�řŹ�ƁżƜƫ�ƶƧ�Ţſř��ƶŝ�HZF�ƩŚưƃ�Źŵ�
ƾƯ�ƩŚƤŤƳř�ŶƷŵ��ƩŚů�źƷ�ƶŝ�� ƭŚŬƳř�ƽŚƸǀſŹźŝ� ŠƿŚě� źŝ�ƶŤƟźĭƶƄƤƳ�ƽƹŹźŝ���ƽŚƷ

ƲǀƯŻ�� ƹ� ƾſŚƴƃƲǀƯŻ�źƃ�ƾƨƿżǀƟƵŹřƺƷŚƯ� � źƿƹŚƈţ� ƹ� Ʊřźƿř�ŢƠƳ�ƾƬƯ�ŢƧ�ƽř�
SPOT�ƹ�żǀƳBerberian (1995)���ƾưƳ�� ƱřƺţƱƹŻƵźƧ� ƾƬƀĭ���Śţ� řŹ�žŝ

HZF�Źŵ�ƩŚƘƟ�ƾƋźƗ�żƜƫŚŤſřŹ�ƪƀĭ�Ʀƿ�šŹƺƇ�ƶŝ�řŹ�Ʊō�ŶƿŚŝ�ƹ�ŵřŵ�ƶƯřŵř�
źưƧ�Ʋǀģ�Ŷƴŝ�� ƶŝ� ƵŵŚſ�ƵŵŹƺųŹŚưƃŵŹƹō�� �� ƶŝ�ƶūƺţ� Śŝ� �źĮƿŵ�ƽƺſ�Żřƽƹźǀě�

�ƾŝƺƴū�šŚƘƐƣƶƳŚƯŚſƵźƧ�ƾƬƀĭ��ƵŹřƺƐų�Żř�žŝ��ƶŝ� Śƿ�ƹ�Ʊō�źƿŻ�ƾĮƴſ�ƾě�
� Ʋƿř� ƶƧ� ŚŬƳō� Żř� �źĮƿŵ� ƱŚǀŝƶƳŚƯŚſŚū� Śŝ� żƜƫŚŤſřŹ� ƾƬƀĭ��ƶŝ��ƾě� �ŵŚƿŻ� ƾƿŚū

ƵŹŚƣ�Ĭƴſ��ƱřƺƴƗ�ƶŝ�řŹ�Ʊō�ŶƿŚŝ��Ţſř�ƵŶƿźŝ�ƾŝƺſŹ�Ƃƃƺě�ŶƴƳŚưƷ�żǀƳ� řŹ�ƽř
�ƦƿƶƳŚƯŚſźţ�ƾƬƀĭ�ŹŸĭřŢƟźĭ� źƔƳ� Źŵ�� ��ƩƺƏ� Żř�ƾƄŴŝ� Źŵ� ƶƨƴƿř�ƲưƋ
ŵƺų�ƶƘƐƣ�ƲǀŝÐ�Śţ�Ó� �ƦƿƾŞƳŚū�ĚƯŹ��ƕƺưŬƯ�Źŵ�ƹ�Ţſř�Ƶŵřŵ�ƪǀƨƄţ� řŹ�

�ŵƹŶů�ŦƗŚŝÎÍÖƺƬǀƧ���ƂƿřŶū�źŤƯƾƿŚŤſřŹ�MFFŢſř�ƵŶƃ����
ƶƄƤƳ�ƵŹŚƀųŹ� ƹ� řźŞŤſ� ƮƷ� ƽŚƷ�� ƶƤƐƴƯ� Ʋƿř� ƽŚƷ��ƾƘǀƐƯÎÐÔÏ��ŹŚƨƃōř�
ūƹººººƴƬŝ� ŵƺººººººººƾưƿŶƣ� ƽŶ(paleohigh)�ƵźƧ��ƶſŚţźƧ� Źŵ� řŹ� žŝ

ƾƳŚǀƯ�ƥƹźſ�ŶƳŻŚſ�ƽŹřŸĮŝƺſŹ�ƭŚĮƴƷ��ƾƯ�ƱŚƄƳ�ŵ�ŶƷ�Ƭƨƃ�ƽŚƸÒ�ƹ�Ó�����
�Ʋƿř�Ʀƿ�Ɩƣřƹ�Źŵ��ƽŶƴƬŝForced fold�����Ʀºƿ�ƱŶºƃ�ƵŶǀƃƺě�Żř�ƪƇŚů�Ʋǀģ

ƾě�ƪƀĭ�ƾŝƺſŹ�ƾƫřƺţ�źƿŻ�Źŵ�ƾĮƴſ��ƮƧ�ƽŚŤſřŹ�Śŝ�ƹ������ƾŝƺºƴū�º�ƾƫŚưºƃ�Ƃǀŝ�
�������Ţſř�źŤųŚŝ�Ţưſ�ƶŝ�ƮƿǈƯ�ŹŚǀƀŝ�Ŝǀƃ�ƹ������ƶſŚţźƧ�Żř�žě�Ʋǀƀºě�����ƱŶºƃ�ƶŤƄºƸƳ�

�ŶƳŻŚſƳŹŚƯƾ��ƿřźƃ�ƶƧ�Ʋſƺŗř�º� ƲſƺŘƫŚě�Źŵ�ƾěŹƺĭ�ƨºſ�Ǝƺ�ţŚºƴŝźƧ�ƽƾ��ŵŚºŬƿř�
���Ƹū�ŶƳŻŚºſ�ƵŶƴƴƧ�ºººº������Ţºſř�Ƶŵƺºŝ�Źřźºƣźŝ�ƭź����ƶºƳŚŝŻ���������ƩŚưºƃ�ƝŹĥ�ƽŚºƿŹŵ�Żř�ƽř

�ƱƹŹŻŚƧ�ƪƀĭ�źŤųŚŝ�Źŵ�Ɩƣřƹ�ƽŹƹŚų�śƺƴū�º�ƽźŤųŚŝ���ƹźºƟ����ƩƺºƟŻŵ�ƾĭŵŚºŤƟř



 
ƶƳŚƯŚſ�ƽŹŚŤųŚſ�źǀŧŚţ��ŹŸĭřźţ�ƾƬƀĭ�ƽŚƷŽźĭřŻ�ƵŶƳřŹ�ƹ�ƵŵŹƺų�Ʋǀģ�ŶƴŝźưƧ�Źŵ�žŝ�ƵźƧ��

��

�ƱŚŤƀƯŻíé�ƵŹŚưƃ��ƮƷŵżƳŚě�ƩŚſ��êí������������������������������������������������������������������æçî��

 

ƽŻƹźƯř��������ŶŝŚě�ŶƳŻŚſ�ƹ�ƵŶƃ�ƶƤƐƴƯ�Ʋƿř�ŵŹřƹƵ��ƱŹŚƯ��Ʀƿĥǈě������ŵŚºŬƿř�řŹ��ƵŵźºƧ
Ţſř�����ƾŝƺƴū�ŻźƯ�Żř�ƾƄŴŝ�����������Żř�ƾƿŚƸƄºŴŝźŝ��ƝŹĥ�ƾºƗźƟ�ƶºƋƺů�Ʋƿř�ƶƳŚƯŚºſ�

ƵźƧ�ƾƬƀĭ��ƾƳƺƴƧ�žŝForced fold)��ƱŚºƯŻ�Ʊō�Źŵ�ŹƹŚºų�Ţưſ�ƶŝ�Ŝǀƃ�Śŝ���
��Ţſř�Ƶŵƺŝ�ƢŞƐƴƯ����������źºŧř�Źŵ��ƵŶƃ�ŵŚƿ�ƝŹĥ�ƂŴŝ�ŪƿŹŶţ�ƶŝ��ŶƘŝ�ƶŝ�ƲſƺĮǀƫř�Żř

ŢſŚųřźƟ��������Śºū�ƽźŤųŚŝ�śƺƴū�Ţưſ�ƶŝ�ƶƤƐƴƯ�Ʋƿř����ƶºŝ������ƶºƨƴƿř�Śºţ�Ŷºƿŵźĭ�ŚºūŹŵ�
�ƲſƺǀƯ�ſ�ƶŝ�ƪƯŚƧ�ŹƺƏ�ƶŝ�źŤųŚŝ�ŢưƶƳŚƯŚſƵźƧ�ƾƬƀĭ���ƪƤŤƴƯ�ƾƳƺƴƧ�žŝŶƃ��
��ƶŤƄƸƳ�ƱŶƃ������Źŵ�ƱřŹŚƀºĤĭ�ƽźºǀŴŞţ�ŶƳŻŚºſ�ƹ�ŹƹŚºų�Źŵ�ƥŻřŹ�ƽŹřƹō�ŶƳŻŚºſ

��������Ŷºƿŵ�Ʋºƿř�źĮƳŚƄƳ��ƵŶƃ�ŵŚƿ�ƪƀĭ�źŤųŚŝ����ƵŚºĭ�Ţºſř�����Ʋǀºģ�ƩŚºŞƳŵ�ƶºŝ���ƾĭŵŹƺºų
������ƽźǀƃźţ�źųřƹř�Źŵ�ŽźĭřŻ�ƃ�ƶƬůźƯ������Ƭƀĭ�źŤƄǀŝ�ƶģ�źƷ�ŷƺƠƳ�ŦƗŚŝ�ƵŶƴƴƨ�ƽŚƸ

ƵŶƃ�ŽƺƨƘƯ(inversed faults)ƾě���ƾŝƺſŹ�Ƃƃƺě�Źŵ�ƾĮƴſ�Ŷºƃ�ƹ�MFF��
šřŻřƺƯ�ƶŝ�ƶƤƐƴƯ�Źŵ� Forced fold�ƵźƧ�ŢƟźĭ�ƪƨƃ�žŝ���
� ƹ� ƾƿřźĮưƷ� ƭƹřŶţƽŚƸŤſŚųřźƟƾě���ƁźŤƀĭ� ŜŞſ� �ƽźƳźţřƺƧ� Źŵ� Ĭƴſ

� ƶƤƐƴƯ� Źŵ�ƾŰƐſ�ƂƬƀĭƵŶƃ�ƹ�ƶƳŚƯŚſŤſřŹ�ƾƬƀĭ�ŵźĮƵźƧ���ƶŬǀŤƳ� Źŵ�žŝ
ŢƸū�ƶǀůŚƳ�Ƃƴţ� ƱřŶǀƯ� ƶŝ�ŢŞƀƳ� Ʊō�ƽźǀĭ�ŢƟŚƿ� Ʋƿƺƨţ� ƽř�� ƶŝ��źĮƿŵ� ƱŚǀŝ

Ʋǀģ�Żř�žě�ƾƬƀĭ�ƶƳŚƯŚſ�Ʋƿř�šŚƘƐƣ�ŶǀſŹ�ŮƐſ�ƶŝ�ƾĭŵŹƺųƵ�řŹ�ŚƸƀƿŶƣŚţ�ƹ�
ŶƳŶƿźŝ�Ʋƿř�źǀƛ�Źŵ�řźƿŻ��ƾƯ�ƪǀƯ�ƽřŹřŵ�Ʊō�ƾƨƿŵżƳ�Źŵ�ŚƸƴǀģ��šŹƺƇ�ŶƳŶƃ�

(Letouzey et al.,1995)����
��

źƟ�ƪǀƬŰţřƵźƧ�ƾƬƀĭ�ƶƳŚƯŚſ�ƶſŶƴƷ�ƾƫŚŤƧ����žŝ��
ƔƴƯ�ƶŝºººººǀƬŰţ�ŹƺºººººººººźƟ�ƪřŤƧººººººƾƫŚ�ƶſŶƴƷ�ſººººººƶƳŚƯŚƵźƧ�ƾƬƀĭ��žŝ�

�Arian et al.,2003�ŚƸƘŝźƯ�ƁŹŚưƃ�ƁƹŹ�Żř��(box-counting)�ƵŵŚƠŤſř�
ŶƃŽŚǀƤƯ�ƶŝ�ƶūƺţ�Śŝ�ƹ�Î�ÒÍÍÍÍƵŹřƺƷŚƯ�źƿƹŚƈţ���ƽř(SPOT)�ŵŹƺƯ�ƶƤƐƴƯ��

�ƕǈƋř�Śŝ�ƾƿŚƸƘŝźƯ��ƶƘƫŚƐƯÏ�ÎƹÒ�ÍƺƬǀƧ��Ŷƃ�śŚŴŤƳř�źŤƯ��źƟ�ŶƘŝ�žĜſř�ƾƫŚŤƧ
ƵřźưƷ�ƶŝ�ƽŹŚŤųŚſ�ƶƘƐƣ�źƷƵŻŹŵ�ƭŚưţ���ƾƬƇř�ƽŚƷ(master joints)�ƎŞţźƯ��

� Śŝ� �Ʊō� Śŝ� ƮſŹ�ƶŝ�ŢŞƀƳ�ƪƀĭ�ƽřŹřŵ�ƽŚƸƘŝźƯ� ŵřŶƘţ�ƾưŤƿŹŚĮƫ�ƽŚƷŹřŵƺưƳ
ƵŻřŶƳř� ƹ� ŚƸƘŝźƯ� ƖƬƋ�ƩƺƏ�žƨƗ�ř�ƪƇŚů�ƍƺƐų�Ŝǀƃ�ƽźǀĭŻ�ƱƺǀſźĭŹ�

�ƶŞſŚŰƯ�ƾƐųŶƃ�ƩƹŶūÎ�����
� ƱŚưƷƶƳƺĭ�ƩƹŶū� Źŵ� ƶƧ�Î�ƾƯ� ƵŶƿŵ��ŵƺƃ�šŚƘƐƣ� �ƶƳŚƯŚſƵźƧ�ƾƬƀĭ���žŝ
ƽřŹřŵźƟ�ŶƘŝ�řŜƬƐƯ�Ʋƿř�ƶƧ�ŶƴŤƀƷ�ƶŰƠƇ�ƶŝ�ƦƿŵżƳ�ƾƫŚŤƧ��ƁźŤƀĭ�ƽŚƿƺĭ�

� ƾƐų� źǀƛ� ƾŰƐſŢſř� �Ż� ƾƳřƹřźƟ� Ŝǀţźţ� ƲƿŶŝƲǀƯ�ƫźƵŻ��Śţ� ƞǀƘƋ� ƽŚƷ
Ţſř�ƶǀūƺţ�ƪŝŚƣ�ƶƤƐƴƯ�Źŵ�ƎſƺŤƯ��źƟ�ŶƘŝ��źĮƿŵ�ƽƺſ�Żřř�ŠƘƐƣ�īŹżŝ�ƾƫŚŤƧ

�Ʋƿř�ƮƄƃƶƳŚƯŚſ�Ʊō�ƾŝƺƴū�ƶƳŚƿŚě�Ʊŵƺŝ�ƩŚƘƟ� źĮƳŚƄƳ� �ƾƬƀĭ�Ţſř�ƶƘſƺţ� ƹ�
ŚƸƴǀģŚƗŶƯ�Ʋƿř�źŝ�ƾƬǀƫŵ�ƾƿŚƿŹŵ�ƹ�ƙǈƧ�ƾƬƀĭ�ƁźŤƀĭ�ƽ���Ţſ���

źƟ� ŶƘŝ�ƂƿřżƟřř� ƽŹŚŤųŚſ�šŚƘƐƣ� ƾƫŚŤƧÏƹÎ� ƹ� ƩŚưƃ�Ţưſ� ƶŝ�ÑƹÒƹÓ�ƶŝ�
ƶƳŚƿŚě� Źŵ�Ƃƴţ� żƧźưţ� ƪŰƯ� ƶŝ� ƱŶƃ�ƦƿŵżƳ� ƪǀƫŵ� ƶŝ� �śƺƴū� Ţưſ��ƽŚƷ

ƃººººººº� ƾŝƺƴū� ƹ� ƾƫŚưſºººººƶƳŚƯŚƀĭ�ºº� ƾƬƵźƧ�� žŝŢſř�řźƿŻ� ŹƹŚŝ� Źŵ��
Main et al. (1990)�� �źƟ� ŶƘŝřŤƧºººººººº� ƶŝ� ƾƫŚƽŹřƺƃŵ�ƱŶƃ� ƶŤƀƨƃ�

��ŻŚǀƳ�ŵŹƺƯ�ƽĥźƳř�ƽřźŝƾĮŤƀƨƃ�ŶƃŹ�ƭŚĮƴƷ�Źŵ�ŵřŻō�ŮƐſ�Ʀƿ�ŵŚŬƿř� ��ƹ
Ʊō�ŵŚƿŻ�źƿŵŚƤƯ�řŸƫ�ƹ�Ţſř�ƎŞţźƯ�Ƃƴţ�żƧźưţ�źě�źĮƳŚƄƳ���ŚƌƟ�źŤƄǀŝ�ƾĭŶƃ

�ƎſƺţƶƳŚƯŚſŶƴƧřźě�Ƶ�řŢſř�ŚƸǀĮŤƀƨƃ�Żř�ƽ��źƟ�ŶƘŝř�żǀƳ�ƭƺſ�ƶƘƐƣ�ŵŚƿŻ�ƾƫŚŤƧ
ƱŚưĭ�ƶŝ��ƶŝ��šŚƘƐƣ�ƶŝ�ŢŞƀƳ�Ʊō�ŵźƨƬưƗ�ŢƯŶƣ�ƪǀƫŵÎƹÏƶŝ�Ʊō�ƩŚƈţř�ƹ 

MFF�Ţſř���
��

ƶŬǀŤƳ�ƽźǀĭ��
źŝŹƂƷƹĦě�Ʋƿř�Źŵ�ƵŶƃ�ƭŚŬƳř�ƽŚƸǀſ�ƵźƧ�ƾƬƀĭ�ƶƳŚƯŚſ�ŵźƧŹŚƧ�źĮƳŚƄƳ���žŝ

ƾě�ƾĮŤƀƨƃ�Ʀƿ�šŹƺƇ�ƶŝ��ƽŻƹźƯř��Żř�ƾŝƺƴū�º�ƾƫŚưƃ�Ƃǀŝ�ƹ�ƮƧ�ƾĮƴſ
�ƾƳŚǀƯ� ƶſŚţźƧ�ƥƹźſ�ŶƳŻŚſ�ƽŹřŸĮŝƺſŹ�ƭŚĮƴƷ�ƶŝ� �Ţſř� �ƀƳ�šŚƧźů�ƾŞ

�šŚƘƐƣƾě�ŶƘŝ�ƶŝ�ƱŚƯŻ�ƲƿřŻř�ƾĮƴſ�ŵŚŬƿř�ŦƗŚŝ�Forced folds �Ƃƃƺě�Źŵ�
ƾě� ƾĮŤƀƨƃ� Ʋƿř� ƽƹŹ� źŝ� Ɩƣřƹ� ƾŝƺſŹ�� ƾĮƴſŶƃ�ŻŚƛō� ƩŚŞƳŵ� ƶŝ� ƶƨƴƿř� Śţ�

� �ŽźĭřŻ� Źŵ� ƾĭŶƃ� ƵŚţƺƧMFF�� ŹŵƵźŤƀĭ� Ʋƿř� źŧř� Źŵ� �ŽƺƨƘƯ��ƾĭŶƃ
ƃŹ� ƽŚƸƬƀĭ� ŹŚƧƹŻŚſŶƮǀƀƤţ� ƽ�ƺů� şŶƴƴƧƋŢƟźĭ� ƪƨƃ� ƽźǀƃźţ� Źŵ� ƶ��

ĭŵźƄƟ� ƭƹřŶţ� ƾŞƳŚū� ŠƘſƺţ�ŦƗŚŝ� �ƾĭŵŹƺų� Ʋǀģ� ƹ�ƾMFF�ŶƴŝźưƧ� Źŵ�
� ŽźĭřŻŚƯř� Ŷƃƾě� ƽŚƸƬƀĭ� ƱŶǀſŹ� ŮƐſ� ƶŝ��� ƾƋźƗ� ƾĮƴſ� ŶƴƳŚƯƶƳŚƯŚſ�

ƵźƧ�ƾƬƀĭ��ƂƿřŶū�ŜŞſ��žŝƾƿŚŤſřŹŶƃ�Ʊō���ƵźƧ�ƾƬƀĭ�ƶƳŚƯŚſ�žŝƶƿŚě�źŝ��
�ƮǀƀƤţ�ƶƘƐƣ�Ƃƃ�ƶŝ�ƽŹŚŤųŚſ�šŚƘƫŚƐƯ�ƵŶƃ�šŚƘƐƣ�ƶƧÐ�Śţ�Ó�šŹƺƇ�ƶŝ�Ʊō�

��ƦƿƾŞƳŚū�ĚƯŹ�ƪưƗ�ŵźƧƵ�ŵƹŶů�ŦƗŚŝ�ƹ�ÎÍÖ�ƂƿřŶū�źŤƯƺƬǀƧ��ƾƿŚŤſřŹ
MFF�ƵŶƃ�ŶƳř�� ƪƿǇŵ� ƶŝ� �Ʋƿř� źŝ� ƱƹżƟř�źƿŻ�ƾƬƀĭ� ƶƳŚƯŚſ�Ʀƿ� ƱřƺƴƗ� ƶŝ�

řźţŹŸĭ�ƶŤƟźĭ�źƔƳ�Źŵ�ƾƯ�ŵƺƃ���
Î�º��ŹŚƧƹŻŚſǀģŤſřŹ�żƜƫŚŤſřŹ�ƵźŵźĮ��
Ï�º�Śū��ŝ�ƶ�ŵŚƿŻ�ƾƿŚū��
Ð�º�ƾě�ƹ�ƾŝƺſŹ�Ƃƃƺě�ƱŶƿźŝ��Ĭƴſ��
Ñ�º�ŵŹƺƯ�ƾƬƀĭ�ƶƳŚƯŚſ�Ʊŵƺŝ�ƾƬƿŶŞţ�źǀƛ�źƔƳ���
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ƽŹŚĮƴŝŚŤƧ 
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