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Abstract  
Ekhtiarabad sinkhole which is located 14 km NW of Kerman , near a homonymus Village , appeared suddenly in July the first, 
1998. Mechamism of formation of the cave system which created the hole is of great importance for detecting suspected 
subterranean caves in the region .In this regard , several ideas have been put  forward ,namely,dissolution of evaporites , 
dissolution of limestone ,and mechanical wash-out of fine sands (piping). To resolve this problem , geologic and 
hydrogeologic conditions of the region were analysed , and a hydrogeochemical approach ,based upon evaporite dissolution 
index , was proved to be efficient .The index is over 40 in the vicinity of the hole ,but decreases abruptly away from it to less 
than 5, indicating dissolution of evaporites , which seem to be gypsum . Some other clues ,such as electrical conductivity of 
groundwaters ,evaporitic facies of Neogen sediments , and a nearby gypsum mine all increase this possibility .Several 
mechanisms; as decline in groundwater level, trrafics , and enhanced disssolution induced by pumping groundwat 
ers are suspected as collapsed triggers. 
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ƾſŚƴƃ�ƲǀƯŻ�ƹ��ƾſŚƴƃ�śō�ƲǀƯŻ�šŚƈŴƄƯ�ƹ�ƶƄƤƳ�Ʋƿř�ƶŝ�ƶūƺţ����ƶƤƐƴƯ
ŢƟźĭ�Źřźƣ�ƾſŹźŝ�ŵŹƺƯ�ƵźƠů�ƪǀƨƄţ�ƵƺŰƳ���

�Źŵ�ƶƧ�ƲǀƯŻźƿŻ�Źŵ�ƵŶƃ�ƪů�ƽŚƸĮƴſ�žƴū�ƲǀǀƘţ�ƽřźŝ�ƶƘƫŚƐƯ�Ʋƿř�žě�
ƃ� ƵźƠů�ƪǀƨƄţ�ƶŝ� źŬƴƯ�ŢƿŚƸƳ�Ţſř�ƶŤƟźĭ�ƭŚŬƳř�ŶƳř� ƵŶ� ��Żř�ƕƺƋƺƯ�Ʋƿř

�ƲƿřŹŵ�ƶŝŚƄƯ�ƽŚƷ�ƵŶƿŶě�ƪǀƨƄţƹ�ƱŚƸƴě�ƽŚƷŹŚƛ�ŵƺūƹ�ƩŚưŤůř�ƾſŹźŝ�źƔƳ
�ƥźƸƃƹ�ŵŚŝōŹŚǀŤųř�ƽŚŤſƹŹ�źŝ�ƵƹǈƗ�ƶƧ� řźƿŻ� ��Ţſř�ŢǀưƷř�żŗŚů�ƶƤƐƴƯ

�ŶƳŹřŵŹřźƣ�Ʊō�ƾƨƿŵżƳ�Źŵ�żǀƳ�ƱŚƯźƧźƸƃ�ƹ�ƵŚĭŵƹźƟ���ŻƹźǀƳřƺƷ����
��

ƶƤƐƴƯ�ƾſŚƴƃ�ƲǀƯŻ����
� ƱŚƯźƧ�Ţƃŵ�� ŵŚŝōŹŚǀŤųř���ƕƺƳ� Żř�ƾŤųŚſ�ƲǀƯŻ� ƶƫŚģ�Ʀƿ� ŵŚŝō�ƾĮƳŻ�
�ƽŹŚƄƟ�Ʋŝřźĭ(Compressional Graben)����źŧř�Źŵ�ƶƧ�ƽř�ƶƳƺĭ�ƶŝ���Ţſř

�ƲŤƟŹǇŚŝ� ƹ� �� Ţƃŵƹ� ƵƺƧ� ŻźƯ� Źŵ� ŵƺūƺƯ� ŽƺƨƘƯ� ƽŚƸƬƀĭ� ŢƧźů
ƳŚŤƀƷƺƧ��Ţſř� ƵŶƃ� ŵŚŬƿř� �� ��ƾƬƀĭ� ŵŚŝōŹŚǀŤųř� ƶƤƐƴƯŹŵ�Ţƃŵƹ� ƵƺƧ� ŻźƯ

ŗřƺƷ� žǀƏŚƴƜƯƺŗĥ� ƶƄƤƳƹ� Ţſř� ƶƤƐƴƯ� ƾ(Yousefi and Friedberg)�
�ŶƷŵ�ƾƯ�ƱŚƄƳ�řŹ�ƾƬƀĭ�Ʋǀƴģ����

�ƪƨƃè���ŵŚŝō�ƾĮƳŻ�ƶƤƐƴƯ�ƾſŚƴƃ�ƲǀƯŻ�ƶƄƤƳ���Ţſř�ŵŚŝōŹŚǀŤųř����ŽŚſřźŝ
�źƋŚů� ŶƸƗ�šŚŝƺſŹ� Żř� ŵŚŝōŹŚǀŤųř�ƂƧƹźƟ� ƵźƠů�ƝřźƏř� ƵŵƹŶŰƯ� �� Ʊō

�Ţſř�ƵŶƃ�ƪǀƨƄţ���źƔƳŹŵ�źƳźţřƺƧƺǀƬě�żǀƳ�Ʊō�ƵŹřƺƿŵ�šŚŝƺſŹ�ƾƫŚưŤůř�Ʋſ
ƶŤƟźĭ�ŵƺƃ�ƾƯ�� ��ƪƨƃé�ŶƷŵ�ƾƯ�ƱŚƄƳ� řŹ� ƶƤƐƴƯ�ƾſŚƴƃ�ƲǀƯŻ�ƖƐƤƯ�� ��Śŝ

� ƱřŹŚƨưƷƹ� ĢƿƹƺƧƺū� šŚƘƫŚƐƯ� ƶŝ� ƶūƺţ(Djokovic et al,1972) �
�Żř�ŶƴţŹŚŞƗ�ƶƤƐƴƯ�Ʋƿř�ƽř�ƶƴǀģ�ƽŚƷŶůřƹ����

æ� � ƲƿźŞƯŚƧźě� ��ƶſŚƯ� Żř� �� ƲƿźŞƯŚƧźě� Ʋſ� ƶŝ� �� ŵřźƯ�ƽźſ� ƶƤƐƴƯ� ƲƿřŹŵ
� Ţſř� ƵŶƃ� ƪǀƨƄţ� Ĭƴſ� ŢƬǀſƹ� Ĭƴſ� �� Źŵ� ƽźſ� Ʋƿřê�ƽźŤƯƺƬǀƧ�

�ŵŹřŵ�ƱƺưƴųŹ�ŵŚŝōŹŚǀŤųř�śźƜƫŚưƃ��ƹ�ŢƀǀƳ�ƆŴƄƯ�Ʊō�ƵŶƗŚƣ��ŢƯŚŴƋ
�Żř�Ƃǀŝ�Ʊō�ƵŵżƳƹźŝ�ƂŴŝêåå�ŢſřźŤƯ�����

ç� � ƲƿźŞƯŚƧřźƠƴƿř�� �� Śŝƹ� żƿŹ�ƽźſ� ŵŚŝōŹŚǀŤųř� ƶŝ�ƝźƄƯ�ƱŚŤƀƷƺƧŹŵçê�
�ƕƹźƃ�Ĭƴſ� ƶſŚƯƹ� ƾƨƷō� ƱŚưǀſ� Śŝ� ƽřźƯƺƬĮƴƧ� �� ƽżţŹřƺƧ� Ɓźŝ� źŤƯ

ƾƯ�ƹ�ŵƺƃ��ƶŝ�ǇŚŝ�Ţưſ�ƶŝçååƯ�źŤƯ��ƽřŹřŵƹ�śƺų�ƽŶƴŝ�ƶƿǇ�Śŝ�Ĭƴſ�ƶſŚ� �
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��èå��������������������������������������������ƹ�ŹŚƸŝ������������ƱŚŤƀŝŚţíè�ƩŚſ��ƿŻŚƵŹŚưƃ��ƮƷŵ�êæ�êç��������������������������������������������
 

�ƽŚƷ� ƶƿǇ �ƽŶǀſř�ƽŚƸƟƺţ�Ǝſƺţ� ŵƺų�ƶƧ�ŵƺƃ�ƾƯ�ƪƿŶŞţ�ƽř� ƶſŚƯ�ƱŹŚƯ
ŵŵźĭ�ƾƯ��ƵŶǀƃƺě�ƵŻřŶĭ�ƾưƧ��ƽřŹřŵ���ƽŶůřƹ�Ǝſƺţ�żǀƳ�ƽŶǀſř�ƽŚƸƟƺţ

ƶŝ�� ŢƯŚŴƋæååƹ� źŤƯ����Śŝ� ƾƟƺţ� Ĭƴſ� ƶſŚƯ� Żř� ƪƨƄŤƯ� �
ř�ƵŶƃ�ƵŶǀƃƺě�řźƯƺƬĮƴƧƹ�ƱŹŚƯ�ƾưƧ�ƽřŹřŵ�ƹ�śƺų�ƽŶƴŝ�ƶƿǇ�ŶƳ���ƲƿźţǇŚŝ

�ŢǀƳřźĭƹ� źǀƟƺƳřźĭ� �� ŢǀƫƺƿŹ� źǀƔƳ� ƾƿŚƸĮƴſ� ƪƯŚƃƹ� żƿŹ� ƽźſ� Ţưƀƣ
� Źŵ� ŚƸƳō� Żř� ƾƳƺưƴųŹƹ� Ţſř� ƽźǀƟźěé�śźƜƫŚưƃ� ƽźŤƯƺƬǀƧ�� �

�ŵŹƺų�ƾƯ�ƮƄģ�ƶŝ�ŵŚŝō�ŹŚǀŤųř���ƶŤƟźĭźƔƳŹŵ�ƲƿźŞƯŚƧřźƠƴƿř�ƹ�żƿŹ�ƽźſ�Ʋſ
�Ţſř�ƵŶƃ����

è� � ƦǀŗƹŻƺŘƫŚě�� ��śźƜƫŚưƃŹŵ� żǀƳ� ƦǀŗƹŻƺŘƫŚě� ƽŚƷŶůřƹ� ƁźŤƀĭ
ųř�ƲƿŹƺƬǀſ���ƲǀƀƿƹŵŹř�ƶŝ�ƢƬƘŤƯ�ƽŚƸĮƴſ�ƪƯŚƃƹ�Ƶŵƺŝ�ƶƔůǈƯ�ƪŝŚƣ�ŵŚŝōŹŚǀŤ

�ƲǀƳƹŵ�ƹ��ŶƴƃŚŝ�ƾƯ�źƠǀƴŝźƧ�� ����ƽř� Ƶŵƺţ�źƯźƯ�Żř�ƲǀƀƿƹŵŹř�ƶƤƐƴƯ�ƲƿřŹŵ
�Ţſř�ƵŶƃ�ƪǀƨƄţ�ƶƿǇ�ƶƿǇ�źƯźƯƹ�ŢƿŹƺƿŵ���ƹźŝŚĭ����

�ƦºƷō� ��ƪºǀƃ� ��Ĭƴſ� ƶºſŚƯ� �� řźºƯƺƬĮƴƧ�ƪƯŚƃ�ƲƿŹƺƬǀſ�ƽŚƸŝƺſŹ�������
�ŢǀƯƺƫƹŵƹŶƴºƃŚŝ�ƾƯ� ��ƲǀƳƹŵ�ƽŚƸŤǀƯƺƫƹŵ�ƹ�ŚƸƨƷō�Ĭƴſ�Żř�ƾƿŚºƸƳƺưƴųŹ

�ƾƳŚƣƺƟ�ŵŹřŵ�ŵƺūƹ�ƶƤƐƴƯ�źŤųŚŝ�ƽŚƸƳŚŤƀƷƺƧ�Źŵ�ƲƿźƿŻ�źƠǀƴŝźƧ�����
é� �ƦǀŗƹŻƹżƯ����ƶſźƷ�ƾĮƴſ�ƽŚƷŶůřƹ�ŵŚŝōŹŚǀŤųřźŤųŚŝ�ƽŚƸƳŚŤƀƷƺƧŹŵ

�ƮƸſ� ƱŚǀƯ�Ʋƿř� Żř� ƶƧ� ŶƳƺƃ�ƾƯ� ƵŶƿŵ� ƶſŚţźƧƹ�ƦǀſřŹƹĥ� ��ŽŚƿźţ� ƵŹƹŵ
�Ţſř�źŤƄǀŝ�ƶſŚţźƧ��ō�����ƹ�ŽŚƿźţ�ƽŚƷ�ŢƿżţŹřƺƧƹ�ŚƷ�ƪǀƃ���ƾƳŹŚƯ�ƽŚƸƨƷ��

�ƲƿźƿŻ�ƦǀſřŹƹĥ����������ŽŚǀƫ���ƵŻƺě�ƶƳŚųŵƹŹ�ƵŹŵ�Źŵ�ƾƨģƺƧ�ƵŵƹŶŰƯŹŵ
�ƵƺƧ���ũƺƴƷ�ƽŚŤſƹŹ�ƾƨƿŵżƳ��ƥřƺƿřźĭ�ƹ�ŚƸƬǀƃ���ŚƸĮƴſ�ƶſŚƯ�źƿŻŹŵ��ƽŚƷ

�ŶƳŹřŵŹřźƣ�ƾƳŚƣƺƟƹ�ƾƳŚǀƯ�ƦǀſřŹƹĥ����
� ƶǀŗƺƬŞƴƗ� źŝ� ƵƹǈƗ� �� ƶſŚţźƧ� ƾĮƴſ� ƽŚƷŶůřƹ�ê�śƺƴū� ƽźŤƯƺƬǀƧ�

ŵŚŝōŹŚǀŤųř� � �� Źŵ� �ì�ŶƳŹƺų�ƾƯ�ƮƄģ�ƶŝ� żǀƳ�ŵŚŝō�ƾĮƳŻ�ơźƃ�ƽźŤƯƺƬǀƧ���
�ƾƨƷō�ƱŹŚƯƹ�ƾŞƿźŴţ�ƽŚƸĮƴſ�Żř�ƪƨƄŤƯ� ��ƽř� ƵŶƗŚƣ�ƽŚƸƿźſ� Śŝ�ƶſŚţźƧ

�ƲǀŞƫō�Ʋſ�ƶŝ���ŵŵźĭ�ƾƯ�ƮŤų�ƾƠƿŹ�ƽŚƸƨƷō�ƶŝƹ�ƵŶƃ�ƕƹźƃ��� ��ƁźŤƀĭ
ţźƯƹ�Ʋƿźţ�ƭƹŚƤƯƹ�Ƶŵƺŝ�ŵŚƿŻ�ŹŚǀƀŝ�ƶſŚţźƧ�ƾƠƿŹ�ƽŚƸƨƷō�ƽŚƸĮƴſ�Ʋƿźţ�ƖƠ

�ŶƴƷŵ�ƾƯ�ƪǀƨƄţ�řŹ�ƶƤƐƴƯ����
ê� �ƽźǀƃźţ�����ƶǀůŚƳ�ƲƿřŹŵ�ƱŚƯźƧ�ƽřźƯƺƬĮƴƧ�ŶƳŻŚſ�ƁźŤƀĭ�ƶŝ�ƶūƺţ�Śŝ

�ƶŤƃŹ�ƪǀƨƄţƹ�ŚƿŹŵ�ƾƴǀƄƳ�ŜƤƗ�ŜūƺƯ�ƾŗřżƷƺƧ�šŚƧźů�ƶſŚţźƧ�ƱŚƿŚěŹŵ
� Ţſř� ƵŶƃ� ŚƸƳō� Ʋǀŝ� ƾƨǀƳƺŤƨţ� ƽŚƷ� ƶƫŚģƹ� ƞƬŤŴƯ� ƽŚƸƷƺƧ� �Źŵ� �

Ƨ�śƺſŹ�ĬƳŹ�żƯźƣƹ�ƽźǀŴŞţ�ƽŚƸĮƴſ�ŚƷ�ƶƫŚģ�ŶƳř�Ƶŵź����
�ƶſŚƯ� ��Ɓźŝ� �� řźƯƺƬĮƴƧ� ��Ģĭ� ��ƱŹŚƯ� Żř�ƽźǀƃźţ�ƽŚƸĮƴſ� ƶƤƐƴƯ�ƲƿřŹŵ
�Ţººſř� ƱĥƺŘƳ� ŚƸƳō� Ʋºººººſƹ� ƵŶººººƃ� ƪǀƨººººƄţ� ŽŹƹ� Ĭƴººººººſ

(Djokovic et al,1972)� ��Źŵ� ƱĥƺŘƳ� ƽŚƸĤĭçå�źŤųŚŝ� ƽźŤƯƺƬǀƧ�
� ŶƳźǀĭ� ƾƯŹřźƣ� ƵŵŚƠŤſř� ŵŹƺƯ� ƶǀŗƹźŴŤſř� Ģĭ� ƱŶƘƯ� ƱřƺƴƗ� ƶŝ� ŵŚŝōŹŚǀŤųř��

ŹŚūŚƣ�šŚƘƫŚƐƯ�ŽŚſřźŝ(Kajar,1996) ��ƵŶƃ�ƭŚŬƳř�ƾƟŚƄŤƧř�ƽŚƸƿŹŚƠůƹ

� řźŤǀſ�ŹƹŚƄƯ�ƲǀſŶƴƸƯ�Ǝſƺţ(CITRA,1965) �ƽźǀŴŞţ�ƽŚƸĮƴſ�ŵƺūƹ�
�Ţſř�ƵŶǀſŹ�šŚŞŧř�ƶŝ�ƱŚƯźƧ�Ţƃŵ�źŤƀŝŹŵ�ƱĥƺŘƳ����

ë� �źƳźţřƺƧ���ŚƸſŹ���ŢƃŹŵ�ƶƳřŵ�ƽŚƸŤƟźŝō�Żř�źƳźţřƺƧ�ŵŚŝōŹŚǀŤųř�ƶƤƐƴƯŹŵ
ƽŚƷ�ƶſŚƯƹ�ƽř�ƶƠƧ�ƽŚƸŤƬǀſƹ�Ţſř�ƵŶƃ�ƪǀƨƄţ�ƽŵŚŝ����

�ƶŬǀŤƳ���ŶƃźƧŷ�ƶƤƐƴƯ�Ʋƿř�ƾſŚƴƃ�ƶƴǀģ�Śŝ�ƍŚŞţŹřŹŵ�ƶƧ�ƶĤƳō�ƶŝ�ƶūƺţ�Śŝ������
�ƽźǀŴŞţ�ƽŚƸĮƴſ�żǀƳƹ�ŵŶƘŤƯ�ƾƨƷō�ƾĮƴſ�ƽŚƷŶůřƹ�ƶƧ�ŵƺƃ�ƾƯ�ƶŤƟźĭ
�ŵƺūƹ�ƶƤƐƴƯ�ƲƿřŹŵ���ƕƺƳ�ƹŵźƷ���ŶƴƷŵ�ƪǀƨƄţ�ŢſŹŚƧ�ŶƴƳřƺţ�ƾƯ�ƶƧ�ƱĥƺŘƳ

�ŶƳŹřŵ����
��

��ƶƤƐƴƯ�ƾſŚƴƃ�śō�ƲǀƯŻ��
ƺţŚŝ��Ǝſƺţ� ƱŚƯźƧ� Ţƃŵ� Źŵ� ƶŤƟŚƿ� ƭŚŬƳř� ƦƿźŤƨƫřƺŗĥ� šŚƘƫŚƐƯ� ƶŝ� ƶū

�ƦƿżǀƟƺŗĥ�Ʃřźƴū�ŢƧźƃC.G.G.1965) �ƽŚƸŝƺſŹ�ƾƨƿźŤƨƫř�ŢƯƹŚƤƯ�
�ƾſŹ�ƶƳřŵżƿŹ�ƽŚƸŝƺſŹ�ƕƺƳŻř� ŚƸƳō�ƲƿřźŝŚƴŝƹ�Ţſř�ƮƧ�ŢƃŵŹŵ�ŵƺūƺƯ��

�ƽŚƸŝƺſŹ�Ʋſ�ŶƴƃŚŝ�ƾƯ�Źƺƃ�śō�ƽřŹřŵ�ƶƳřŵ�ŢƃŹŵ�ƽŚƸŤƟźŝō� Śƿƹ�ƾƳŹŚƯ
ŝƹ�Ƶŵƺŝ�źƳźţřƺƧ�ƾŰƐſ�ŶſŹ�ƾƯ�ƲſƺǀƬěƺǀƯ�ƶŝ�ŚƟŹĥ�Ţưſ�ƶŝ�ŪƿŹŶŤ����

Źŵ��ƽŚƸŝƺſŹ� ƱŚǀƯ� Źŵ� ƽźǀŴŞţ� ƽŚƸĮƴſ� Żř� ƾƿŚƷ� ƶƿǇ� ƢƏŚƴƯ� Żř� ƾƌƘŝ
�ŵŹƺų�ƾƯ�ƮƄĤŝ� ƶƤƐƴƯ�ƲſƺǀƬěƺǀƯ� ��źţ�ƲƸƧ�ƽŚƸĮƴſ�ƽƹŹ� ŚƷ�ƶŤƄƸƳ�Ʋƿř

�ƦǀſřŹƹĥ� ƽŚƸĮƴſ� ƶſŚƯƹ� ƪǀƃ� Śƿ� ƶſŚţźƧ� ƽŚƸƨƷō� ƵŶưƗ� ŹƺƐŝ��
�ŶƳŹřŵŹřźƣ��ŰƯŹŵ�ŚƸŝƺſŹ�ƾƨƿźŤƨƫř�ŢƯƹŚƤƯ�ƵźƠů�ƵŵƹŶé�ƶƧ�ŢſřźŤƯ�ƮƷř�

�ŶƃŚŝ�ƾƯ�ŚƸŝƺſŹ�ƪųřŵ�śō�Źŵ�ƩƺƬŰƯ�ŭǈƯř�ƮƸſ�Ʊŵƺŝ�ǇŚŝ�ƲǀŞƯ���ƲƿřŹŵ
�ƭƹŚƤƯ�ƞƧ�Ĭƴſ�ƪŰƯ��ǇŚưŤůř�ù�ƶſŚţźƧ�ƦƷō���ŵƹŶů�ƢưƗ�Źŵæëå�źŤƯ�

�ŵŹřŵŹřźƣ����
� ƶƤƐƴƯ� ƾƴǀƯŻźƿŻ�ƽŚƸŝō�ŮƐſ� Żřźţ� ƶƄƤƳ�� ƪƨƃê� ��ƽŚƸŝō� ƱŚƿźū�ƽŚƿƺĭ

�ƩŚưƃ�Ţưſ�ƶŝ�ƾƴǀƯŻźƿŻ�ųŚŝ�ƩŚưƃ��Ţſř�ƽźŤ� ��ƵźƠſ�ƶƿŸƜţ�ƾƬƇř�ƖŞƴƯ
ƹ� ŹƹŚų� ƽŚƸƳŚŤƀƷƺƧ�ƽŷƺƠƳ� ƽŚƸŝō� ƱŚƯźƧ�Ţƃŵ� ƾƴǀƯŻźƿŻ�śō��śƺƴū

�ŶƴƃŚŝ�ƾƯ�Ţƃŵ���ƪƨƃ�ƶƿŚěźŝêŚŤŞƀƳ�ƶƴƨƟř�ƍƹźŴƯ�ƵŵƹŶŰƯ�Źŵ��ù�īŹżŝ
�ƢƿźƏ�Żř�ƾƴǀƯŻźƿŻ�śō�ƵźƠſ���ŵŹřŵŹřźƣ�Ʊō�ƾƨƿŵżƳŹŵ�ƵźƠů�ƶƧ�ŵŚŝōŹŚǀŤųř

�ƶƿŸƜţ�żǀƳ�ƺƯřŵŚŝ�ƱŚŤƀƷƺƧ�ƽŷƺƠƳ�ƽŚƸƳŚƿźū�ŵƺƃ�ƾƯ���Ʊŵƺŝ�ƾƬƀĭ�ŢƬƗ�ƶŝ
�ŵƺūƺƯ�ƵŶƳƺƃ�ƪů�ƽŚƸĮƴſŹŵ�ƾŤůřŹ�ƶŝ�ŚƸƳŚƿźū�Ʋƿř���Ţƃŵ�Śŝ�ƵƺƧ�ŽŚưţ
�ƽŚƷŹŚƛ�ƁźŤƀĭ�ŜūƺƯ�ŚƸƳō�ƩǈŰƳřŚŝ�ƹ�ƵŵźƧ�ŷƺƠƳ�ƾſŹ�ƽŚƸŝƺſŹ�źƿŻ�Źŵ

� ŶƳř� ƵŶƃ� ƾƫǈŰƳř� ��ƶƴƨƟř� ƍƹźŴƯ� ƵŵƹŶŰƯ� Źŵ� ƶƧ� ƾƿŚƸƷŚģ� Żř� ƽŵřŶƘţ
�ŶƳř�ƵŶƃ�źƠů�ŵŚŝōŹŚǀŤųř��Ɵźŝō�Żř�ŹƺŞƗ�Żř�žě�ƵŵźƧ�ŵŹƺųźŝ�ƾƿŚƷŹŚƛ�ƶŝ�ŚƸŤ

�ŶƳř����ƩŶƨǀƳæèìì�����
��

�ƶƫŚģ�ƪǀƨƄţ�ƵƺŰƳ��
� ƪƨƃŹŵë�řŹ� ŵŚŝōŹŚǀŤųř� ƶƤƐƴƯ� ƾƴǀƯŻźƿŻ� ƽŚƸŝō� ƾƨƿźŤƨƫř� ŢƿřŶƷ� ƶƄƤƳ�

�ŶƷŵ�ƾƯ�ƱŚƄƳ���ƾƴǀƯŻźƿŻ�ƽŚƸŝō��Źŵ�ŵƺūƺƯ�ƽŚƸƨưƳ�ŹřŶƤƯ���Ʊō�ƶŝ�ƶūƺţ�Śŝ
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� ŢſǇŚŝ� ƽŵŚƗźǀƛŹƺƏ� ƶŝ� �ƂƧƹźƟ� ƵźƠů� ƝřźƏř� ƵŵƹŶŰƯ� Źŵ� ���ŹŚƨƃō
ř� ǇŚŝ�ƽźƿŸě� ƩǈŰƳř� Śŝ�ƽŚƸĮƴſ� ƱŶƃ�ƪů� ƶƧ�Ţſ� ��ƽźǀŴŞţ�ƽŚƸĮƴſ��

ƾƯ��ŶƃŚŝ�ƾŤǀƘƋƹ�Ʋǀƴģ�ƪƯŚƗ�ŶƳřƺţ� ��ƩǈŰƳř� �Ʊŵƺŝ�ƲǀŗŚě�ŢƬƗ�ƶŝ�ƶƧ� řźģ
�ƦƷō�Ĭƴſ� ƩǈŰƳř� �� ƽźǀŴŞţ� ƽŚƸĮƴſ� ƶŝ� ŢŞƀƳ�ƦƷō�Ĭƴſ� ƽźƿŸě

ƾưƳ��ŶƷŵ�ƂƿřżƟř�řŹ�ƾƴǀƯŻźƿŻ�ƽŚƸŝō�ƦưƳ���Ŷů�ƲƿřŹŵ�ŶƳřƺţ���
� ƩƹŶūŹŵ�����æŬţ�ŪƿŚŤƳ��ƝřźƏř�ƽŚƸƷŚģ� Żř� ƾŤƃřŵźŝ� ƽŚƸŝō� ƾƿŚǀưǀƃ� ƶƿż

� Ţſř� ƵŶƃ� � ƵŵŹƹō� ƵźƠů� ��ƽŚƸƳƺǀƳō� ŢƔƬƛ� �� Ʊō� ƶŝ� ƶūƺţ� Śŝ
� šŚƠƫƺººſŹƹŹźƬƧ�ƽźǀŴŞţ� ƽŚƸĮƴſ� ƱŶƃ� ƪů� Żř� ƾƃŚƳ� ��Żř� źŤƄǀŝ� ŹŚǀƀŝ

�Ţſř�šŚƴŝźƧ�ƾŝ�ƱƺǀƳō�ŢƔƬƛ� ��ƾŤǀƟźƓ�ƮƷ�ŢŞƀƳ� �ƩƹŶū�źųō�ƱƺŤſŹŵ
� ƱƺǀƳō� ƶŝ� šŚƠƫƺſŹƹŹźƬƧ� ƽŚƸƳƺǀƳō� Ɩưū� ƪƇŚů�ƵŶƃ� � ƶŗřŹř� šŚƴŝźƨǀŝ

�ƶƏƺŝźƯ�ƶƄƤƳ�ƭŚƣŹř�Ʋƿř�ƽŚƴŞƯźŝƹ���ƪƨƃì����Ţſř�ƵŶƃ�ƮſŹ���Ʋƿř�ƶŝ�ƶūƺţŚŝ
� Żř�Ƃǀŝ� ƶŝƹ�ŢſǇŚŝ� ŹŚǀƀŝ� ƵźƠů� ƾƨƿŵżƳ� Źŵ� ơƺƟ�ŢŞƀƳ� �� ƶƄƤƳéå�żǀƳ�

ƾƯ��ŶŝŚƿ�ƾƯ�ƂƷŚƧ�šŶƄŝ�ƝřźƏř�Ţưſ�ƶŝ�ƾƫƹ���ŶſŹ����
ŵŹřŵ�ŵƺūƹ�ƵźƠů�ŢǀƘƣƺƯ�Śŝ�ŚƷ�ƾƴŰƴƯ�Ʋǀŝ�ƶƧ�ƾŝƺųŹŚǀƀŝ�ƾĮƴƷŚưƷ�ŶƿŒƯ��

�Ʊō�ƞƤſ�ƁżƿŹƹ�ŹŚƛ�ƪǀƨƄţ� ��ƲǀƯŻźƿŻ�Źŵ�ƽźǀŴŞţ�ƽŚƸĮƴſ�ƱŶƃ�ƪů
�Ţſř� ��ƂƿřżƟř�ŦƗŚŝ�ƾƨƷō�ƽŚƸĮƴſ� �ƱŶƃ�ƪů�ƶƧ��ŵƺƃ�ƾƯ�ƽŹƹō�ŵŚƿ

�ŢƔƬƛ� ƂƿřżƟř� ŜūƺƯ� ƽźǀŴŞţ� ƽŚƸĮƴſ� ƩǈŰƳřƹ� šŚƴŝźƨǀŝ� ŢƔƬƛ
�ŵƺƃ�ƾƯ�ƾƴǀƯŻźƿŻ�ƽŚƸŝō�Źŵ�šŚƠƫƺſƹźƬƧ����

Ģĭ� Żř� ƾƏƺƬŴƯ� ƵŶƳƺƃ�ƪů�ƽźǀŴŞţ� ƽŚƸĮƴſ� ƶĤƳŚƴģ�Śŝ� �� ŶƴƃŚŝ�ƦưƳƹ�
�Źŵ� źƬƧ� ƱƺǀƳō�ŢƔƬƛ� �� Ģĭ� ƶŝ�ŢŞƀƳ�ƦưƳ� ŵŚƿŻŹŚǀƀŝ�Ţǀƫǈů� ƶŝ� ƶūƺţ
�Śŝ�ƶŤƟŚƿ�ŽŚưţ�śō�ƶƧ�ƽŹƺƐŝ���ŵƺŝ�ŶƷřƺų�źţǇŚŝ�ŹŚǀƀŝ�šŚƠƫƺſ�Śŝ�ƶƀƿŚƤƯ

ǈƯŚƧ�Ĭƴſ� ùŤſř�ƪŝŚƣ� źǀƛƹ� Źƺƃ� ŵƺƃ�ƾƯ� ƵŵŚƠ� �� ƩƹŶū�ŽŚſřźŝæ�Ʋǀƴģ�
�ƵŶƿŵ� ŵŚŝōŹŚǀŤųř� ƾƄƧƹźƟ� ƵźƠů� ƝřźƏř� ƾƴǀƯŻźƿŻ� ƽŚƸŝō� Źŵ� ƾŤǀƘƋƹ

ƾưƳ��ŵŹƺƯ�ƶƧ�Ţſř�ƽř�ƶƳƺĮŝ�ƾƫƹ���ŢƀǀƳ�ŜſŚƴƯ�ŚƸŝō�ŢǀƠǀƧ�ƶģźĭřƹ�ŵƺƃ
ŶƳźǀĭ�ƾƯ�Źřźƣ�ƾƗřŹŻ�ƵŵŚƠŤſř��Ǉƹř���ƲƿřźŝŚƴŝ�ù�ƵŶƳƺƃ�ƪů�ƽźǀŴŞţ�ƽŚƸĮƴſ

ǇŚưŤůř�ƲǀƯŻźƿŻŹŵ�ùŢſř�Ģĭ��ƘƯ�żǀƳ�ƶƤƐƴƯ�ƾƨƿŵżƳŹŵ�ƶǀŗƹźŴŤſř�Ģĭ�ƱŶ
�Ţſř�ƽźǀŴŞţ�ƽŚƸĮƴſ�Ʊŵƺŝ�ƾĤĭ�Żř�ƾƧŚů���śƺſŹ�Ģĭ�ƶƧ�ƾƐǀŰƯŹŵ

�ƪǀƨƄţ� Ģĭ� ƽŚƷŹƺƬŝ� ƱŚǀƯ� Źŵ� ŜƬƛř� żǀƳ� ƭŚƘƏ� ƦưƳ� ƽŚƷŹƺƬŝ� ŶƴƧ� ƾƯ
ƾƯ��šŚƠƫƺſ�ŢƔƬƛ�ƂƿřżƟř�ƶŬǀŤƳ�Źŵƹ���Ģĭ�ƩǈŰƳř�Śŝ�ƪǀƫŵ�ƲǀưƷ�ƶŝ�ƹ�ŶƳƺƃ

ƿ�ƾƯ�ƂƿřżƟř� ŚƸŝō� Źŵ� żǀƳ� źƬƧ� ƱƺǀƳō�ŢƔƬƛ� �� ŶŝŚ� ��ƱŵƺŞƳ� ƕŚŞƃř� ��ƾƳŚŧŹŵ
ŚŤŞƀƳ� ƶƘſƺţ� ƲǀŞƯ� ƦưƳƹ� Ģĭ� Żř� ƾƴǀƯŻźƿŻ� ƽŚƸŝō� ù�ŢſŹŚƧ� śƺų

ŶƃŚŝ�ŶƳřƺţ�ƾƯ�ƵŵƹŶŰƯ�Ʋƿř�ƽźǀŴŞţ�ƽŚƸĮƴſŹŵ�ƶƘſƺţ�ŢſŹŚƧŹŵ�ƶƧřźƿŻ��
���ŽŚưţ� ŮƐſ� Ʊŵƺŝ� ƮƧƹ�śō�ŢƧźů�ŢƗźſ� Ʊŵƺŝ� ŵŚƿŻ�ŢƬƗ� ƶŝ� ƶŤƟŚƿ

ŶŝŚƿ�ƾƯ�ƂƷŚƧ�ƩǈŰƳř�ƱřżǀƯ����
ų�ƽŚƸŝōºººūƹźººººŤſŹŚƧ�Żř�ƾĭ�ƽŚƸºººĤººººǇƺƇř�ƾ�ùƗ�ƶŝººů�ŢƬººº�ŢƧź

ŚŤŞƀƳ�ùƿźſººƹ�śō�Ɩ�ƗºƇźƟ�ƭŶººººƟŚƧ�ŢŤººººū�ƾººŞºƃř�ŢƸººººƃ�ƕŚººº��ƱŶ
Ƨºººƹ�Ʈ�ŞºƀƳ�ƂǀºººŝººƴºƃŚŝ�ƾƯ�ƕŚŞºƃř�ŢŰººţ�šŹƺºƇ��ƶºººŝ�Ģºĭ�ƶººŝ�Ţº�Ŷ��
�(Ford and Williams,1989,Bogli,1980)����

Źŵ�ƐſºººƃŚƳ�ƉŹřƺƗ�ƶģźĭř��ŚǀƳŵ�ŮºººŰƳř�Żř�ƾºººººƿŶě�ƶƧ�ŚƸĮƴſ�Ʃǈºººº�ƵŶ
ŤſŹŚƧºººººƳƺƃ�ƾƯ�ƵŶǀƯŚƳ�ƾººǇƺưƘƯ�Ŷ�ùŹŵ�ƨƷō�ƽŚƸĮƴſºº�ƾƫƹ��ŶƴƃŚŞǀƯ�ƾ

ǀŴŞţ�ƽŚƸŤſŹŚƧºººº�ƽź�ƾĤĭ�ƵĦƿƺŝ��Źŵ�ƬŤŴƯ�ƢƏŚƴƯººƸū�ƞºº�ƶƬưū�Żř��ƱŚ
έΩŚǀƫŚŤƿř��(Belloni et al ,1972 ,Quinlan ,1986 , Gustavson et 

al,1982),�ưƃºƳŚƧ� ƩŚº� řŵŚ (Ford and Williams,1989)ưºººƃ� ��ƩŚ
ƃſ� ƽƹŹƺŝŚº� Ƣ(Gorbunova, 1979, Pechorkin, 1986, 

Pechorkin and Bolotov, 1983),�ǀƯŹƹŚųƳŚºƹ�ƶ�ưººƃºƩŚ�ºƃƣźºƾƲǀģ���
 (Ford and Williams,1989)�ƹ�ĜºſřƳŚǀ� Ś(Gutierrez et al,1985)�

�ŶƳř� ƵŶƃ�ƾƿŚſŚƴƃ� ��Ʋǀƫƹŵ� řŵŚƳŚƧ�ƹ� ƶǀſƹŹ�ƾĤĭ�ƽŚƸŤſŹŚƧŹŵ(Doline)�
�Żř� źţ�ƱřƹřźƟ�ƾĤĭ�ƽŚƸŤſŹŚƧ�ƾƃżƿŹ�ƽŚƸƴǀƫƹŵƹ�Ţſř� ƶƳŚƄƳ�Ʋƿźţ�ƱřƹřźƟ

ƾƯ�ƾƨƷō�ƽŚƸŤººººſŹŚƧ� Źŵ�ƾººƃżƿŹ�ƽŚƸƴǀƫƹŵ��� ŶƴƃŚŞ� ��ƽŚƸĮƴſ�ŮƐſŹŵ
ǀƳ� Ʊřźƿř� ŽźĭřŻ� ƾƨưƳ� ƽŚƷŶŞƴĭ� ƽźǀŴŞţ�ƮƄĤŝ� ƾƳřƹřźƟ� ƽŚƸƴǀƫƹŵ� ż

ƾƯ��ŶƳŹƺų����
�Źŵ�Ɩƣřƹ���ƱŚŬƴƀƟŹ�ƽŚƿŹŵ�ƵŚģ�ƩŚů�ƲǀƗŹŵìå���ƪŰƯ�Ʋƿř�śźƛ�ƽźŤƯƺƬǀƧ�

�Ţƃŵ�Źŵ�ƱĥƺŘƳ�ƽŚƸĤĭ�ƩǈŰƳř�źŧř�Źŵ�ƶƧ�Ţſř�ƾƄƧƹźƟ� ƵźƠů�Ʀƿ�żǀƳ
�Ţſř�ƵŶƯō�ŵƺūƺŝ�ƱŚŬƴƀƟŹ�������ŵřĦƳ�ŽŚŞƗæèìê�����Źŵ�ƱĥƺŘƳ�ƽŚƸĮƴſçå�

� ŵŚŝōŹŚǀŤųř� ƵźƠů� śźƛ� ƽźŤƯƺƬǀƧ� �� ƺƯřŵŚŝ� ƱŚŤƀƷƺƧŹŵ� ��ƱřƺƴƗ� ƶŝ� ƶƧ
ƘƯººº�ƽŹŚǀººƃ� ƽŚƸƳŹŚƧ� ƽřŹřŵ� ŶƳƺƃ� ƾƯ� ũřźŴŤſř� ƶǀŗƹźŴŤſř� Ģĭ� ƱŶ

(Channel Karren)�ŵƹŶů�ƢưƗƹ�źŤƯ�ŚƸƷŵ�ƩƺƏ�ƶŝ��ê�å�ŶƴƃŚŝ�ƾƯ�źŤƯ���
� ŵƹŶů�Ģĭ�ƩǈŰƳř�ŢǀƬŝŚƣ�ƱřżǀƯèå�Ƶŵƺŝ�ƦƷō�źŝřźŝ�(Bogli,1980)�ƹ �

� ��Ţºººſř� źţŵŚƿŻ� ŹŚǀƀŝ� żǀƳ� Ʊō�ƩǈŰƳř�ŢƗźſ�Ʊō�ƩǈŰƳř� źŧř� Źŵ� ƶƧ� řźƿŻ
��ƽŚƸºººƳƺƿCa�ƹ�SO4��ŚƷŹ�Ģĭ�ƲƿŹƺƬŝ�ƶƨŞƃ�ŮƐſ�Żř�ƵŵŚºººſ�ŹƺƏ�ƶŝ�ŚƸƴţ

ǀƯ�� ŶƳŵźĮ� �� ŻŚĭ� ƾƄŴŝ� ŹŚƄƟ� ƖŝŚţ�šŶƄŝ�ƦƷō�Ĭƴſ� ƩǈŰƳř� ƾƫƹCO2�
ǈƯŚƧ� ƹ� Ƶŵƺŝ�śōŹŵ"�Ţſř� � ƵŶǀĤǀě�(Ford and Williams,1989)���

ŝŚƴŝ�Ţſř�ƾƨƷō�ŢſŹŚƧ�ŻřźŤƄǀŝ�ŹŚǀƀŝ�ƾĤĭ�ŢſŹŚƧ�ƪǀƨƄţ�ŢƗźſ�Ʋƿřź����
��

ŹŚƛ�ƞƤſ�ƁżƿŹ�ŢƬƗ 

�źƧŷ�ŵŚŝō�ŹŚǀŤųř�ƂƧƹźƟ�ƵźƠů�ƪǀƨƄţƹ�ŹŚƛ�ƞƤſ�ƁżƿŹ�ŢƬƗ�Śŝ�ƍŚŞţŹřŹŵ
ǇƺƇř�ƶƧ�Ţſř�ƽŹƹźƋ�ƶŤƨƳ�Ʋƿř�ù�ŢƘſƹ�ƂƿřżƟřƹ�ŚƸĮƴſ�ƩǈŰƳř�ƶƯřŵř�Śŝ

żƿŹƹ� ƵŶƃ� ŹřŶƿŚěŚƳ� ŚƸƳō�ƞƤſ�ŢƿŚƸƳ� Źŵ� �� ƾƴǀƯŻźƿŻ� ƽŚƷŹŚƛ�ŶƷřƺų�Ɓ
ŵźƧ� �ǇƺưƘƯ�ƾƫƹ� ù�ƵŶƃ� ŹřŶƿŚěŚƳ�ƞƤſ�ƲŤŴƿŹƹźƟ�ŦƗŚŝ�ƾƨƿźŰţ�ƪƯřƺƗ

�Ţſř�ƾƴǀƯŻźƿŻ�ƽŚƸŝō�ŮƐſ�ŢƟř�ŚƸƳō�ƲƿźŤưƸƯ�Żř�ƾƨƿ�ƶƧ�ŶƳƺƃ�ƾƯ���źĭř
�ƱŻƹ� � �ƾſŶǀưƃŹř�ƽƹźǀƳ� źǀŧŚţ�ŢŰţ� ��ŶƴƃŚŝ�śō� Żřźě�ƾƴǀƯŻźƿŻ�ƽŚƷŹŚƛ
ŝŚƿ�ƾƯ�ƂƿřżƟř�Ʊō�ƽŹřŶƿŚěƹ�ƶŤƟŚƿ�ƂƷŚƧ�ƞƤſ�ƵŶƴƷŵ�ƪǀƨƄţ�ƽŚƸĮƴſŶ��

Śŝ�ƾƫƹ��ŚƸƳō�ƞƤſ� ��ƽŹƹŚƴƃ�ƽƹźǀƳ�ƂƷŚƧƹ�ƾƴǀƯŻźƿŻ�ƽŚƸŝō�ŮƐſ�ŢƟř
�ŮƐſ�ŢƟř� ƱřżǀƯ� ƲǀǀƘţ� ŹƺƔƴƯ� ƶŝ� ŶƴƧ�ƁżƿŹ�Ţſř�ƲƨưƯƹ� ƵŶƃ� ŹřŶƿŚěŚƳ

ǇŚưŤůř�ƪƯŚƗ�Ʋƿř�ƶƧ�ƾƄƤƳƹ�ƾƴǀƯŻźƿŻ�ƽŚƸŝō�ù���ƶŤƃřŵ�ŹŚƛ�ƞƤſ�ƁżƿŹŹŵ
�ƽŚƸƫŚſ�Źŵ�ƾƴǀƯŻźƿŻ�ƽŚƸŝō�ŮƐſ�ƢưƗ�ƽŚƷ�ƶƄƤƳ�ƶŝ�ƍƺŝźƯ�ƭŚƣŹř�ƪƋŚƠţ�Żř
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æèéèƹæèìèǀƯ� ƶƄƤƳ�ƾƴǀƯŻźƿŻ� ƽŚººƸŝō� ŮƐºººſ� ŢƟř� Ʊřż�ƶǀƸţ� ƶººƤƐƴƯ�
�Ŷƿŵźĭ��ƪƨƃí� �� ��ŢƟř�ƱřżǀƯ�ơƺƟ� ƶƫŚſ�ƾſ�ƾƳŚƯŻ� ƶƬƇŚƟŹŵ� �� Ʊō�ƶƿŚěźŝ

�Żř�Ƃǀŝ�ƵźƠů�ƵŵƹŶŰƯ�Źŵ�ƾƴǀƯŻźƿŻ�ƽŚƸŝō�ŮƐſçå�Ţſř�Ƶŵƺŝ�źŤƯ����ƲƨưƯ
�ƶŝ�ƾƘƣřƹ� ŹřŶƤƯ� ƶƤƐƴƯŹŵ�ƽĥŚĜưě�ƽŚƸƷŚģ�ŢƟř�ƍƹźŴƯ� źǀŧŚţ�ŢŰţ�Ţſř

ŜţřźƯ�ŶƃŚŝ�ƲƿřŻř�Ƃǀŝ����ƽŹřŶƿŚěŚƳ�Źŵ�ƾưƸƯ�ƂƤƳ�ŶƳřƺţ�ƾƯ�ŢƟř�ƱřżǀƯ�Ʋƿř
�ŶƃŚŝ�ƶŤƃřŵ�Ʊō�ƁżƿŹƹ�ŹŚƛ�ƞƤſ����

�ŹŚǀŤųř�ƝřźƏř� ƵŵƹŶŰƯ�Źŵ�ƵŚģ�ƶƤƬů�ŚƸƷŵ�ŵƺūƹ�ƶŝ�ƶūƺţ� Śŝ� �ƩŚů�ƲǀƗŹŵ
�ƽŚƸŝō�ƁŹƺƿ�ŦƗŚŝ�Ţſř�ƲƨưƯ�ƾƴǀƯŻźƿŻ�ƽŚƸŝō� ƱŚƿŵřźĭ�ƂƿřżƟř� �ŵŚŝō

ƾƴǀƯŻźƿŻ�ŝ� ƵŶƃ� Ģĭ� ƩǈŰƳř� ŢƿƺƤţƹ� ƝřźƏřŶƃŚ� �ǇŚưŤůř� ù�ƕƺƣƹ� �
�żǀƳ�ŹƹŚŬƯ�ƵŵŚū�Żř�ƲǀĮƴſ�šǇō�ƲǀƃŚƯ�ŹƺŞƗƹ�ƶƤƐƴƯ�Źŵ�ŵŶƘŤƯ�ƽŚƷ�ƶƫżƫŻ

ŶƳř�ƶŤƃřŵ�ƂƤƳ�ƁżƿŹ�ŶƿŶƄţ�Ʋƿř�Źŵ���Źŵ�ƵźƠů�Ʋƿř�ƶƧ�ŵŻŚſ�ƾƯ�ƱŚƄƳ�źƏŚų
Ŷƿŵźĭ�ƪǀƨƄţ�ƪŰƯ�Ʊō�Żř�ŹƺŤƧřźţ�ƵŚĮŤſŵ�Ʀƿ�ŹƺŞƗ�ƶƔŰƫ���ƽŹŚǀŝō�ƂƤƳ

ŢƟźĭ� ƵŶƿŵŚƳ� Ʊřƺţ� ƾưƳ� żǀƳ� řŹ� �ŹŚǀŝō� ƶƧ� řźƿŻ�ƂƷŚƧ� Źŵ� ƮƷ� ŶƿŶƃ� ƽ
ƹ�ŹŚƛ�ƞƤſ�ƾſŹ�šŚŝƺſŹ�ŢƯƹŚƤƯ�ƹ�ƞƤſ�ƱŻƹ�ƂƿřżƟř�Źŵ�ƮƷ��ŹřŶƿŚěŚƳ

ŵƺƃ�ƾƯ�ƉźƟ�źŧŒƯ�Ʊō�ƱŶƃ����
��

ƽźǀĭ�ƶŬǀŤƳ���
ƾŝ� ƶŝ� šŚƠƫƺſŹƹŹźƬƧ� Ɩưū� ƪƇŚů� ƾŤǀƟźƓ� ƮƷ� ŢŞƀƳ� ƶƄƤƳ��šŚƴŝźƧ

���ƲǀƯŻźƿŻ�Źŵ�ƽźǀŴŞţ�ƽŚƸĮƴſ�ƱŶƃ�ƪů�ŶƿŒƯ�ƶƤƐƴƯ�ƾƴǀƯŻźƿŻ�ƽŚƸŝōŹŵ

� Ʊō� ƞƤſ� ƁżƿŹƹ� ŹŚƛ� ƪǀƨƄţ� Ţſř� ��ƽŚƸŝō� ƾƨƿźŤƨƫř� ŢƿřŶƷ� ƶƄƤƳ
�ŶƷŵ�ƾƯ�ƱŚƄƳ�řŹ�ƾŤǀƘƋƹ�Ʋǀƴģ�żǀƳ�ƾƴǀƯŻźƿŻ���ƹ�ƱřżǀƯ�Ʊŵƺŝ�ǇŚŝ���ƲǀƴĤưƷ

�ƽŚƸŝƺſŹ� źƿŻ� Źŵ� ƱĥƺŘƳ� ƽźǀŴŞţ� ƽŚƸĮƴſ� ŵƺūƹ� ƹ� Ģĭ� ƩǈŰƳř� ŢƗźſ
��ƽř� ƶƿǇ� źƿŻ� ƽźǀŴŞţ� ŢſŹŚƧ� ŵƺūƹ� �� ƱŚƯźƧ� Ţƃŵ� Źŵ� źƳźţřƺƧ

(interstratal evaporite karst)��Ʋºººƿř� Źŵ� řŹŶƴƴƧ�ƾƯ�ŢƿƺƤţ� ƶƤƐƴƯ��
���ƶƤƐƴƯ�Ʊŵƺŝ�ƦƄųPH �ƽǇŚŝ�ì�ŢƔƬƛ�Ʊŵƺŝ�ƮƧ�żǀƳƹ�ƾƴǀƯŻźƿŻ�ƽŚƸŝō��

�ƾưǀƠŤƴƯ� řŹ� ƾƨƷō�ŢſŹŚƧ� ŵƺūƹ� ƩŚưŤůř� �ƶƤƐƴƯ� ƽŚƸŝō� Źŵ�šŚƴŝźƧ� ƾŝ
ŵŻŚſ����ƽźǀŴŞţ�ŢſŹŚƧ�ƁżƿŹƹźƟ�Ʋǀƫƹŵ�Ʀƿ�ŶƿŚŝ�řŹ�ŵŚŝō�ŹŚǀŤųř�ƵźƠů�řŸƫ

�ƽř�ƶƿǇ�Ʋǀŝ  (interstratal evaporite karst collapse doline)�Źŵ�
ŢƟźĭ�źƔƳ���Ţſř�ŵŚƿŻ�ƽźǀŴŞţ�ŢſŹŚƧ�Ʋƿř�Ʊŵƺŝ�ƾĤĭ�ƱŚƨƯř����

�ƽźǀŴŞţ�ƽŚƸĮƴſ�ƩǈŰƳř� ŶƿŶƄţƹ�ƾƴǀƯŻźƿŻ�ƽŚƸŝō�ŮƐſ�ŶƿŶƃ�ŢƟř� ��ƶŝ
ƕŚŞƃř� ƾƴǀƯŻ� źƿŻ� ƽŚƸŝō�ƁŹƺƿ�ŢƬƗ�Ʋƿř�Ţưſ� ƶŝ�ƦưƳƹ� Ģĭ� Żř� ƵŶƄƳ�

ƪŰƯ� �� ŹŚƛ�ƞƤſ� ƵŶƴƷŵ�ƪǀƨƄţ�ƽŚƸſŹ�ƱŶƃ�žǀų�żǀƳƹ� ��ŷƺƠƳ�ŢƬƗ� ƶŝ
Śǀŝō�śōƽŹ� � ��ƁżƿŹ� ƾƳŚƀƳř� ƵƺƤƫŚŝ� ƽŚƸƧźŰƯ� ƱřƺƴƗ� ƶŝ� ŚƷ� ƲǀƃŚƯ� ŹƺŞƗƹ

� ŶƳƺƃ� ƶŤƟźĭ� źƔƳ� Źŵ� ŶƿŚŝ� ƶƤƐƴƯ�ƲƿřŹŵ� ŹŚƛ�ƞƤſ� ��ƁżƿŹŹŵ� ƱŚƀƳř�ƂƤƳ
ŶſŹ�ƾƯ�źƔƳ�ƶŝ�ŵƺƸƄƯ�ƵźƠů�ƪǀƨƄţƹ�ŹŚƛ�ƞƤſ����
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ƽŹŚĮƴŝŚŤƧ��
ƭ���ƾƯřŹŶě����ƹ����ƽŹŚƈƳř�ŵŚƷźƟæèìì���ŹƺƄƧ�ƾſŚƴƃ�ƲǀƯŻ�ƱŚƯŻŚſ���ƱŚƯźƧ�śźƜƫŚưƃ�Źŵ�ƲǀƯŻ�ƁżƿŹƹźƟ�ƵŹŚŝ�Źŵ�ƾſŚƴƃ�ƲǀƯŻ�ƁŹřżĭ�����

���ƱŚƯźƧ�śō�ƖŝŚƴƯ�šŚƘƫŚƐƯ�źŤƟŵ�æèìè���ƱŚƯźƧ�Ţƃŵ�śō�ƖŝŚƴƯ�šŚƘƫŚƐƯ�ƁŹřżĭ���ƲǀƛŚŝ���
�śŚƄƧřŹ����ŹƹŚƄƯ�ƲǀſŶƴƸƯ����æèêì���ƱŚƯźƧ�ƶƫŚſ�Ţƀǀŝ�śō�ƲǀƯŚţ�ŭźƏ�Ʃƹř�ƶƬůźƯ�ƁŹřżĭ���

�ƱŚƯźƧ�ƶƤƐƴƯ�śō�ƾƯŚƸſ�ŢƧźƃ����śō�ƖŝŚƴƯ�šŚƘƫŚƐƯ�ŹƺƯř����æèëè���ƱŚƯźƧ�Ţƃŵ�ƾƴǀƯŻźƿŻ�ƽŚƸŝō�ŢǀƘƋƹ�ƽř�ƶƀƿŚƤƯ�ƁŹřżĭ���
ř���ŵřĦƳ�ŽŚŞƗ�����æèìê����żƿźŞţ�ƵŚĮƄƳřŵ�ƽĥƺƫƺƟŹƺƯƺŗĥ�ƽřźŤƧŵ�ƶƯŚƳ�ƱŚƿŚě���ƱŚŬƴƀƟŹ�Ţƃŵ�Źŵ�ƽĥƺƫƺƟŹƺƯƺŗĥ�ƽŚƸƄƷƹĦě����
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