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²£°±´  

§�� �ª£� §² ´¥£²�-� ´�²¡ £ª±¦��� ��³� ¦³ £�²¬¨ ©�®°� �°±� §±�¨¨� ²��¨ -§�³ , ¬�¨¦ ¤�¨«

©�¨²¡� ´�ª�²�¨ §¬ ©¦��� ´¨² ©�®° ¦³ ´�£ª±�¢«££¦®� ´�¦ �� .�²�£� ©�¦¡ �ª£� �¥£²�� - ¡´®ª³ £ª±¦��

�£²® ´�£�°²®´���¢¨��¨£²�®¬£ ´¬±� ¦³ §��´� £¨ «¦®¨ ¦� ´�£´ .²�� �£�« ¬�¦� £¦�³£ §£«�¥¨ �¥

§² ´¥£²� ­�¢� . ­�¢�¨ �¥²�¨£²�³ ¬�¦� ¦¦¡� §££�°¨ �£�³ §£¬¦«� )�¨²¢�£�� ( ²¨�¡� ´®«�´�

³ £¦£ª��£�¦ §²�§£°�°£®.  

�²�£ £¦£�¨ §£¬¦« ´¦¦�¥ §² ´¥£²� ²� �� ´£²¢ª¨£�«� ´£´³´�,©±��£�� ©�±£¢²±  . �¨°¬ §² ´¥£²�

 §��± ±¨¬ ¦¬¨ ´¨±�¨¨)©¦�¦: "§² ±¨¬"( ,§££ª±�¢«££¦® §££ª±¦�� §£®°²� �¦¨´�³. ´�¦ �� ��² 

§£®�³¡¨¨ ´�²¥�¨ §² ±¨¬�,� ��°¨ª §¦�� � §£¢ª¨�²®´�®�³¡ ©ª£�³ ´�¦ � §� ­�¢ : ´�¦ �017 ,015 ,

�-006 . ´¦ �017 ´²¥�¨  §�²� �� §£¡��£±¨ .�£�¦£¨ ´� ´���¨ �¦� ´�¦ �§² ±¨¬ ¦³ £ª�³�²�  , ©�£¦¬�

©£¬ ´�¦ � �¡¦±-©��£ ,  §£¨²¥� �ª�´¡´�ª�£¦¬ §£¨²¥ .§£¨²¥ ´¦ � ¦¬ �ª�ª ²��¨� �²¬¨ §�²���ª�£¦¬  

£²�±« ¦³ ¦´�§��� ,£²�®¬£ ´¦ � ¦³ ´�£ �²¢ª£� ²��¡�  . §² ´¥£²� ­�¢ £¡�¦£± ´�� ¦´� ´� �«¥¨

�´¦ �.²¬« ´¦ � ¡�¦£±� ­�¢� �«�¥¨ ²��¨¦ ´£�²¬¨ , �°££¨�� ´� �²� ²� �� ²£¬°� £ª±¦��� ¬

� ³�£ § £ª±¦��¦ �² ¡ ¦¬ ¬£�°¨��� ´�¦£¬®� §�£«�¢�£²®¨��¨´£´²� �� §² ´¥£²� .  

 ¦¬� ²� �� ´�£�°¨� ´�£��¦�´£¦� ¦¬ ´£®²��²¢®� ´£¨£¥ ����¬­�¢� §££´¦ �� §£¢ª¨�²®�, ©�£¨� �´�²� 

´�¦ �� ©£� £¨£¥´�ª�³� , ²³�  ©¦�¥£¢£ª �� §�¡´� .¦��� §£²�²� §££®²��²¢® §£²³®£� ��² ´±�¦¡ �

 §£¢ª¨�²®� §££´¦ ��¬�³¦ ­�¢�� §£¢²® : ´�¦ �017 ,015 ,006 ,©�£  ©£¬ ,�ª�´¡´ §£¨²¥ , §£¨²¥

£¦¬��ª£²�®¬£� .   

§££��¨¬ §£¥´¡ �¬�³�¥£²�¦ �£�«¨ ���¨ª ­�¢ £®�³¡¨ ¦³  . ­�¢ ´��¥³ ��°¨ª §�¨ �³�¦³�

 £® ¦¬� ´�£�£¢¦²�±� �¨�´���³ ,��³´£²¢¨�¦�ª²� ����¬� �´¨,¥ ¦³ ­�¢ ¤´¡ �¥²��  -46²¢¨  §�²�� 

�¥£²�� ¡² ¨) ©¦�¦: "£²±£¬� ¤´¡�".(  

²�²�� ¦���� §££²� ¡¨ §££�ª£³ �´�²� £²±£¬� ¤´¡� ¦¬ ´£²¢¨�¦�ª²�� ����¬� £®�¢� «±£²¢¨� ¦³ 

 §£¦��� §£¢ª¨�²® ´�¡¥�ª�) <30²¢¨£¦£¨ .(¦� §££�ª£³ � ´�¨°�¬� §££�ª£³ ¦¬ §£�£¬¨  ´�£�°²®´��

�¢�£²®�¨��¨´�£´ .´�£�°²®´�� ´¨°�¬� ��£²£� �£¦¬ ¦³ §£²� ¡¨ £ª³ ´�¡®¦ §£²¥£ª £²±£¬� ¤´¡� .

 ´�¡¥�ª ¦³ ´�¦£¥¨� ´��¥³� §£¦��� §£¢ª¨�²®´�²�¢±�²¢« ¦³ �¦��� £ª�ª�ª¨ £ª³ §�£± �¬£°¨ �¨£²  

 ²¨�¡£¢«�¦±£ª±¦�� �¦¬®³ �¦£�±¨ , �¡�� -  £¢«£¦� ­�¬¨ ¦³£ª³�� - ¡ª ¦³ §££ª±¦�� §£¦�³)base 

surge(.  

 �«£«� ²¢�±¦ ���³ �¨²¢�£�� ±¨�¬ £¥ �¡ª��)¥-1± "¨(, £¥ �°¨ª  �¨²¢�£�� ¢�²¡ ¡®ª�ª£�¥ -0.26 

±"¨�±�¬¨  .§£²¢¨ ´��¨ ¦³ £ª±¦�� ¤´¡ ¤²� ´²��¡ �¨²¢�£�� ,§² ±¨¬ «£«� ´� ´²��¬ �¥£³¨¨� 

§££²¢ª¨£�«� §£¬¦«� ¤´¡ ¤�´ ¦�§££ª�±£¢²±� . ²��± £²�²� ¯¨ ©�´¡´� ©�±£¢²±�¨ ¬£¢± ´²�°´

 ­�¢� ��°¨ª³§£¬£°¨,�  �²�°´¦ �¬ ´�¡®¦ �²�¡ �¨²¢�£�� £¥ £²¢ª¨£�«� ¤´¡� .  

£¦£�� £¦��£� ¯²��± ¦³ § £¢£²±¦± ¦�«��¦®)166±15 Ka (� ¦³ £ª�±£¢²± ²�±¨¨ ¯²��± £²�²�� ­�¢ ´�¥³

 ²¬« ´¦ � �¡¦± �£¦¬)115±13 Ka ( ¦³ ©¨  ©�¦¡ §£²£��¨80 ­¦� �ª³ ©£� 180¦ -100�ª³ ­¦�  , ��

�¢�£²®� ´�£�°²®´�� �³¡²´�¨��¨´�£´ . �¦� §£¦£�§£¨�� ¦ £¦£�Ar-Ar ´�°²®´� ¦³ 

�¢�£²®¨��¨ ´£´ �¬²�³ ´®«�ª�¦¢£��� «±¦®¨�±-¦¢ª� .£«¡£ ²°± ©¨  ±²®� �³¡²´� ´�£�°²®´��´, 

²´�£ �¦ ¦³¨ -10-15�ª³ .  
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±´¬� �°¨ª ²��¨� §�²��, �ª��£¥³ ¦´ ´²�³¦ ¦£�±¨§££ª±�¢«££¦®� �£²�±«� £ ,³�¥²��¦ �£�°¨ 

§² ´¥£²� .�±´¬�� ²�³£¨ £¥ ¬°�¨, ¥£²�®¬£ ´¬±� ¦³ ´£��¦�²�£�� ´¥²¬¨� ©¨ ±¦¡ ,�³ ���£ ´� ²³®

 ©£� ³�®¨��¨��¨�§��´� £¨�  ,³�®¨ ³§²�¦ � §£¬�²£��¢�£²®¨��¨£´§£.  

¦��£®¨� £³£�� ��°¨ª �ª�£¦¬ §£¨²¥ ´¦ ��, ¤´ª�¨ �¦�� £¥ ²¥£ª ²³� )§£¢«£²±�ª® .( ²¥�¨ �ª£� ¦��£®¨�

£¢«£²±�ª®¥´£��¡££ �ª£� �  ´¦ �� �´�¡¥�ª� ©¦��� ´�¦ ��  . ¦��£®¨�� ©£�£¦�� ´�£ �¦±ª£� ©£� ©�£¨��

�²�«� ´� ± ¡¨ §£¨²¥ ´¦ �� ©£�£¦�� ¦³ §£¢«£²±�ª®�²±£¨�, §ª£� §£¨²¥ ´¦ � ¦³ §£¦��£®¨�� £¥ 

§£¢«£²±�ª®,� §¬ ¦±³¨ £��£³� �¦��³ ¨��¨� .ª ´¦ �� ¦��£®¨� ¦³ §£¢«£²±�¨� §£¢«£²±�ª® ´�¡¥�

­�¢� ¦³ £¦£ª��£� ²¨�¡�� §£¨²¥ ,§�£ª³� §£´£¦�ª«± ´�¡£¥³� , ¦¬ §£�£¬¨¨��¨ �£��¦��£² ´¦¬� �

©¦��� ´�¦ � ²�³ ¦³ � ¨ �ª�³ . ´²���¨ �£°¦�±£ �¦ ¦£��� §£¨� £«¡£� ²³�¬� £¥ ¬°�¨ �¨��¨� ¦³ ¤¥��

£¨ §¬ ¤´ª� ¦³ ���¢ �£°±�²¢ª£�¦§��´� ,´¦ � £¡�¦£±� ´�£ª�£¦��¨�²¢« ´�£�°²®´�¨ ²�¬¨¦� , 

�¢�£²®� §£°�°£®¦¨��¨²��¨� ´� �²°£³ §££´.  
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1 .¬±²  

1.1 .�¢�£²®¨��¨´§ £  

�²�£� §£¡ª�¨�-�¢�£²®� § £ª±¦��¨��¨ ´�¥�²¥� ´�£ª±¦��� ´�¬®�´� ¦¦¥¦ §£«¡�£¨ § £´

 ¦³ �£°±�²¢ª£��¨��¨�§££ª�°£¡ §£¨ §¬  , §��´ £¨ ©��¥)®£��±�² £¦¦¡ §£�¦¨¨� §£¨� £���±ª ¤��´� 

§£±�« �� ¢«²±(, §££¦£¬ §£¨ �� )§£ �� §�� £¨ .(�� §£¨� ���²¬� §�¡� ´²�¬� �°±� £®���¨¨�� , §�

�¢�£²®� �¬®�´� ��« ´� §£�£´¥¨³¨��¨ ´�¬ª� ´�¬®�´ ©���¨ ²°�£� �¡² ¡��¢ §££±� �´¨°�¬ ´�� ´£´

 ©£�'©�ª£° ')quenching (´£�£ �¦®«±� �£°¢ª¨�²®¦ £�£«�® ) Sheridan and Wohletz, 1981, 1983; 

Wohletz and McQueen, 1984; Francis, 1993 Wohletz, 2002;.(   

® § £ª±¦��¢�£²�¨��¨´£�� £�°¨ ´ §£² £¦£¥¨§£¨ ,��¡¢³� £ª® ¦� ¤�¨« §��´� £¨ «¦®¨ §, £ª®³ �� 

§£¨� §£«�¥¨ ¡¢³� .�� ´�³¡²´¨� ´�£ª±¦�� ´�£�°²®´�²´ §£'§£³�£'  �¢£� §£ ±�ª¨ ���²°££¨´, 

��²¦, �£²�±« £¢�²¡ )Solgevik et al., 2007; Martin et al., 2007(.¢�£²® § £ª±¦�� �¨��¨´¦�¥£ £ ­� 

��¦®� £¨£¦±���¦® £¦¥ ´���¦��£�£®²�,§£¨ ´�¡¥�ª ¦¬ �£¬¨�  ,�² ¡�³ �´² ¬��£�« £�ª´ � ,¦³¨¦�  -

'Snake River Plain' ���££��³ ,�²�"�) Nemeth and White, 2005.(  

�¢�£²® §£°�°£®¨��¨ §£¬ª�¨ §££´ £�£ ¦¬ ¦³ ²£�¨ ���²¬¨��¨ �£�²ª� ´²¨�� §££ª�°£¡ §£¨ §¬ �

 �£�²ª�� ´£¨²´£ª�¥¨´§£¨� ¡®ª ´¦��� £�£ ¦¬  .� §¬ §£¨� ¦³ �£°±�²¢ª£�¨ ¬��ª ¯�°£®�¨��¨ �

«¡£�,¦ ²³®�¨� ¨��¨ §£�� ¯¡¦ ²�°£¦ ¤¥�� ´�£¨��´®� §£¨� ´� ´���¦ �)²�¢£±(, £ª® ´� ¬²�±� 

¯�°£®¦ ¦£��¨� ¡¢³� )Francis, 1993( .�¢�£²® ¯�°£®¨��¨£²®� ¯�°£®� ©¨ ¦��ª £´¤¥� £¢�, ´¬�³ 

 ¯�°£®�²�±��£�«� £¬¦« ´� ±² �¦ §£��� §£¬,� ´� §� �¦� ¨��¨ ©¥¦� �¦�¬� �� ²®��¨��¨£´ 

��°¨£,��£�«� ¬¦« £²�³¦ ­«�ª� , ³�¡ ²¨�¡ ¦³ §£¢ª¨�²® §� )£¦£ª��£( ,�¨ ² �ª³¨��¨ ±¦¡ �¡±¦³ �

¯�°£®� ´²£°£� .  

 §£ª�¥¨ ¯�°£®� ¤£¦�´� §£�²�¬¨� §££ª�°£¡� §£¨�'§££�£¢±�²¢ª£� §£¨ ')interactive water(.  £�ª´

 ��� ¯�°£®� ´�²°��£�¦ £¡²¥�£� £¦±³¨� «¡£�³§££�£¢±�²¢ª£�� §£¨� ©� ©£�¦ ¨��¨��£�£  ¡��¢� 

§£�«¨ :� ©�ª£°¦ ¦£��£ §£¨ ­��¬¨��¨� ,�� �¬�ª´� ´±«®�¦� �³��£�¦ ,§£¨� ²«�¡ �¦£�� -  ´£�²ª�¦

 �¦£�² ´£ª±¦�� ´�°²®´�¦� �¥�¨ª ¯�°£®)Zimanowski et al., 1991.(³¡  £ª® ¦� ���²¬� ´�¥£¨« §� ���

¡¢³�,£¢¢«�´£¦� ¯¡¦� ²³�¥ §£¦���¨ ¯�°£®� ´¨°�¬� ¡®ª� ¦��£� ´�£¨³ ©��£¥¨  ����¨  -20-30 bar 

)Lorenz, 1986, 2007.(  

 §££�«£ª³� §£¨ ¦³ ���²¬� ´�«¨� £«¡£ ´�£�£¢±®� ´� §£´¨¥¨¨��¨ �) ²�£�1( �£°¢ª¨�²® £¥ ��²� 

� ¦³ ´²���¨¨��¨��¬� ´� ´²®³¨ � ¦³ �£�²ª�� ¦³ ´£�²¨ ��£®«¦ ��£�¨� §�¡� ´²¨��¨ §£¨� �

£ª�¢ª�®« �¡£´²¦ §´¬�� §²¢� ��¬´) ²®�« �°¨¦ ��-¢£²±£���� ­£±¨ ¯¡¦� ) (Sheridan and Wohletz, 

1981, 1983 .(§£¨ £«¡£�\¨��¨ §£¥�¨ª �) ���±ª¦ ´¡´¨A ²�£�� 1 ( £®�� ¦¬ ´£ª³¨ �¬®³� §£¨¦ �£�´

´�°²®´�� .£���� §£«¡£ ���±ª�³ �¦�¨ §A,� ¦³ �£°¢ª¨�²®¨ §£¬®³�¨ ¨��¨ �²¨�¦ §£¦£��¨� �

¨���� ¦³ ´£¨²´� �£�²ª�� ¦³ ´²¨��¨£ª�¥¨ �£�²ª�¦ �´�¡�£¨� §£¨£¦� §£°�°£® ´²£°£¦�  . £«¡£

§£¨\¨��¨ ¦¬ §£¦�¬� �1:1 �¨£¬� ´£ª�¥¨� �£�²ª�� ��£²£¦ ��£�£ ¦´�°²®´�� ´¨°�¬� ��£²£ .£®¦ 

Sheridan and Wohletz )(1983¦³ §££¦¨£¢®��� §£«¡£� ¨ §£\¨��¨� ©£� §� ¯�°£® ´²£°£¦ 1:1¦  -3:1 .

£®¦ Wohletz and McQueen )1984 (§£¨ ���²¬ £«¡£¨ ´¬��ª ²��¨ ´�¡´®´�\¨��¨ ¦³ �3:1)  §£«¡£

§££¦±³¨(, ´²°�£� ´�°²®´�³ ��¬� '´¬�¢-­�¢ '� §£¨ ���²¬¨ ´¬��ª¨��¨ ¦³ §£«¡£� �1:1) ¬" ®
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Lorenz, 1986 .(Kokelaar )1986 (©¬�¢,�£²��´¨ ©�� §££�«ª¨ ©� £¥  ,³ �¦�¬ £¦¨£¢®��� ���²¬� «¡£

²£°£¦��²± ��� ¯�°£® ´¦ -0.35 . Zimanowski et al. )1991 («¡£¨§£� §� §«¡£¨ ²´�£ �ª¢± §£¨ ´�¨¥  

§£¨\¨��¨� ¦³ 0.3£¦�¨£«±¨ �¨°�¬� ¯�°£® ´²£°£¦ ´����²¬ ´¨°�¬� ¤´ª� ´²�¢²®¨¢¦ ��² ´��£³¡�  

§£¨� §¬. Morrissey et al. )2000 (§£¨ ¦³ £¡®ª� «¡£� ´� ´¨¥¦ ©�£«ª� §££�«£ª �¥²¬\¨��¨�, ´²¨� �� 

� �£�²ª��£¨²´´£�¢£¨ ´£ª¥¨¦ ´ ,� �´�� �¬�±� -11%§£¨  , ²��¬¨��¨ ´�£²¦�±£ � §¬ ´£«£«�²¢¦�� �

�¥�¨ª .¦��±¨�¨ §£���� §£¥²¬ ´ª´�ª �«¨ £«¡£¦ ¬°�¨� ¤²¬� ´²¨�.  

  

  

  

  

²�£� 1:� ´�¦£¬£ �²¨¦³ � ´£¨²´ �£�²ª� 

 ¦³ ´�«¨ £«¡£ ¦³ �£°±ª�®¥ ´£ª�¥¨ �£�²ª��

� §£¨¨��¨� . ´�£¡£ ²��¬ ´£¨²´� �£�²ª��

 £® ��²£±� �£� ¦�£¥� £�«£ª� ¤´ª� ¦³ �«¨

´¦ � ¦³¨ ³�¦³ , ©¨ ¦�±´¨� «¡£� ´� ¬¨³¨

 £�«£ª�)­²��¨ ( ¦³ ²�¢±®� ¦�®¥¦ ³£3-4 £�¥� 

¦�¨¦´£ª±¦�� ´¥²¬¨  . §£¨� «¡£ ´£¦¬ §¬

¦¨��¨� , �¦£¡´¨ ´£�£ �¦®«±� ´���ª´�

 ���±ª� �¬£®��¦A .¤�´¨) Sheridan and 

Wohletz, 1981(.  

  

�¢�£²® ´�£�°²®´�¨��¨�ª££®�´¨ ´�¨£¦� ´�£´´����� ´�°²®´� ´£�²ª��� ²°± ©¨  ´¥³¨ª� ´�¦£¬®�  .

§£«¦�®� ´�ª££®�´¨ ©� ©¥ �¨¥,£�« £�¦ §£«¡�£¨� � ´£¦¬� ´�²¨��¨§£¨� §¬ ¬�¨� ²� � ¦� � . £�

� ��¥£³¦ ²�±¨¥ ´¦��±¨ �  ´�²£�«¢¦���� ±�,¦±�²£®� §£¢ª¨£�«� ´� ©££®�¨� � ¦³ §££¢«

 �¦� ´�£�°²®´�)Schmincke, 2004 .(�¢�£²® ´�¦£¬®¨��¨´�®«�ª ´�¬®�´� ���¦¨ ´£´,�¨�� £³¬² ©��¥  

� ´�°²®´� £ªª¬)eruption clouds (¦�� §£ � ¦³ ²¨�¡ §£�³�ª� §££ª±ª±¦��£±¦�£¢« .�£�°²®´� £ªª¬´ ¦³ 

 ¦³ §�²¦ ¬£��¦ §£¦�¥£ §£²��¨20± " ¨)Lorenz, 2007; Moore et al., 1966 .(�²¨�¡ ´�°²®´�� £ªª¬ ¦³ 

­�¢ ¦³ ´��¥³ ²°�£)  ��tephra fall(, ´�³�²®�  ¦¬ �£¡� £��¬� £��´¨££±� �£®²��®�¢� . ²¨�¡�

ª±¦���£¦±�£¢«¦�¥£ ´�£�¦  ±� )­�¢( , ¦�¡¨ ¢¬¨ «�)£¦£®¦(, §£²¢¨ �¬ §£²¢¨£¢ª« ²®«¨ ¦³ §£¦��� �� 

)¬¦« £²�³� §£±�¦� .( §££ª±¦�� §£¦�³¡ª)base surges (� §£ª££®��¨¦³ ¬±²± ´¦£�±¨ �²£�¨ �¬�ª´  ²¨�¡

 � ²£´¬ £¢«�¦±£ª±¦�� .�¢�£²® ´�£�°²®´�� ´�³¡²´¨� ´�®«�ª ´�¬®�´¨��¨ ¯�� £¨²  ´�¦¦�¥ ´�£´

¦±�²£® £¢«�)lahars( ,��¢² ¤��´� £¢«�¦±�²£® ²¨�¡ ¦³ �¨£²  �� ´�³£¦� ©�³ , §££ª±¦�� §£ � ´¬£�ª�

)Sheridan and Wohletz, 1981; Lorenz, 2007 .(  

�¢�£²®� ¢ª¨£�«�¨��¨´�£²¢ª¨£�« ´�²�¢±�²¢«� ¬�²� ©�£¨� ©££®�´¨ £´,£¢ª� ©��¥  - ��¥£³� ´�ª�£�

�¦�° ,§£¨²  £�£ ¦¬ ���²� ¦¬ §£�£¬¨��²£® £¢«�¦± §££ª±¦�� §£¦�³¡ª� §£)Lorenz, 1970; Fisher and 

Waters, 1970( , §� �¨¥´��¥³��£®²��®�¢� ´� ´�«¥¨� � ©²�±¨³ �£¡� £��¬� -fall . �²�¢±�²¢«

 §£±�¦� �£� ´®«�ª ´£ª££®�� £¬¦« ¦³��£�«, ´²£°£¦ §´¡´ ²¨�¡� ´� ´£¦£¢±�� §£´��¬¨� §£¬��®� 

impact sags .� §£¢ª¨£�«��¢�£²®¨��¨§£�²¨ §££´ , ´�²�¢±�²¢«¦ ­«�ª��£ª££®���´ ,£ª££®�¨§ ¦³ 
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´�¥�¨ª ´�²�¢²®¨¢� ���²�) ²£�¨ ²�²£± ¦¬ §£�£¬¨� §££´£¥�¥  §£¢ª¨�²®( .�£� ¤¥¦ ��£«� ,

�¢�£²®� §££¢�£²® §£¬�²£��³¨��¨§££´,§£¨� §�¨£¡� ¬±³�¨ ´£¨²´� �£�²ª��¨ ¦��� ±¦¡  , §��£��

¬¦«� ±�«£²�� . ¢ª¨£�«��¢�£²®�¨��¨£¦£ª��£ ²¨�¡� ©� ©££®�´¨ £´, £±£±¦¡¨ ¦¦¥ ¤²�� �¥²�¨� 

 ´�¦�±£ � £²«¡� §£´�� ¨ ´£¥�¥ )£¨²´ ±�³¦ ´��¬ ,�-'quenching'� ¦³ ¨��¨� ( ¦³ §£²�³� ²³�¬� ©��

 ��£�«� £¬¦«)Schmincke, 2004; Sheridan and Wohletz, 1983 .(�¦� §£²�³ , £²±£¬ �£¥²¨ §£���¨

� �¢£¦®�£²®�¢�¨��¨£´´ ,¯�°£®� ´¬� ²± �£�³ ¬¦«� §²�±¨� . �£� §� ��£�¨ ������ ±�«£²� ´�²�

� ¬�¨� ²£�¨ ²�²£±¦¨��¨²¨�¡� ´®�¬´ ¤¦�¨� ²£���� §¬ §£¨¡� §£ ��� � .  

¨�ª� §£¡£¥³� §£¦ §£²�³±���¢�£²®� ´�£¢�£²® ´�£�°²®´¨��¨� §£²��¨ §� ´�£´'´�¬�¢ -­�¢' .

 ²��¨)maar (���´�°°�®´� ³´¥¨ , � ²��¡ ´� ´�°²®´�¦ �¨�±³ ��£�«� £¬¦« ¦� ¡¢³� £ª®

�´�� �²°£³ ´£ª±¦��� .�ª±¦�� §£¢ª¨£�« §£�¥�³¨ ²��¨� ´�ª®� ¦³ §££ª�°£¡�� §££¨£ª®� ´�ª�²�¨�-

§££¢«�¦±,²°£³ ´�°²®´�� ´¢£¦® £²°�´ §�³ ³´¥¨� ´� � .´�¬�¢-­�¢) tuff rings (©� §� ´�²°�ª, 

§£²��¨¦ �¨��� ,�¢�£²® ´�°²®´��¨��¨´£´ , ��£�«� £ª®¨ ���� § ¥²¨� ¬±³� §¦��)Lorenz, 1986, 

2007 .(ª£� ²��¨ ´�²°��£��¥ �¬� §£¨£ ²®«¨ ¤²��� £¢ª��ª�¨ ¤£¦�´ -15 §£ª³ )Lorenz, 2007.(  ³²�³�

²��¨¦ ´¡´¨³ ´�°²®´�� ³´¥¨ ¦³ £¢�²¡� �¨²¢�£�� ��� )diatreme .( §££�°¨ �¨²¢�£�� ¤�´�

£®� ´¬� �¬²±ª³ §£¢ª¨�²®¯�°) �¨ ©�� ��£�«� £¬¦«¨ ©�¨��¨� (�²��� ¦� �¢¢�¨´�³ ��£�« £¬¦« .

�£¦�ª�£°²�®�²® �¨²¢�£�� ´��£¨´ �ª�¨� ´�¡´®´� §¬ �¡£ §£¦�� §�£ª³� ²��¨� ´��£¨¦ 

�¢�£²®�¨��¨£´ . £�³¬ �¨²¢�£� ¦³ �±¨�¬¥¦ ¬£��¦-2.5± "¨.(Lorenz, 1986; Martin et al., 2007) .  

1.2 .¦�²³£� § £ª±¦��  

1.2.1 .¬±²  

�ª££®�´¨� ´�£��¦��£� ´�®�±´ ´�²¥�¨ ¦�²³£ ²� ��´§£«�®£¢ ²®«¨¨ § £ª±¦���  . £¬¦«

¢«�®� £ª��²�� § £ª±¦��¦ ´�£��¬ §£®³�¡ §�²�� ©�±£�� �²¢�²®� -©�±£�� �²¢�²®��£ª� ©¨ £ª��²�� .

�±£�� ��£¦®�© ´�¢±³ ´�®�±´ ³£ ©�±£�� � ¨�� )´£ª±¦�� �ª£¡�¨(,£®��¨� ´�®�±´ ©£� �ª£´ § £ª±¦��� 

 £¡�¦ §£ª®)Segev, 2005 .(£¡�¦ §£ª® ��� §� �²¬ £�� £°¡� £�� �ª±� § £ª±¦��� .¥¨ �¥²�¨ ���-20 ´��³ 

§££ª±¦�� ,¨± ­¦� §££´�¨¥ ¦³ ¡¢³ §£«¥¨�"² , ­�« §£� ©�¬ ¯²®¨ ¦³ ¬�±£�¦ ´£ª�¢±¢ ²³�±¨ ����

)Camp and Roobol, 1989; Shaw et al., 2003(.  

ª±� § £ª±¦���¦£¦�� ¡² ¨�� ©¦��� ´¨²� ���²�  ¥�²¨ ¦�²³£ £¨�¡´� £�� � , £�²¬¨ ©�®°� ��°±� ²³�

� ´²�¡ £ª±¦��� ��³� ¦³- §�³) ²�£�2 .('�²�¡ '� £ª±¦�� ��³¦ ´£�²¬� �¦¨� �£�'� -§�³ ' �¬¨³¨

'£¨�³ '±³¨� ¦³ �� £�±³¨� ²¨�¦¥) £¢��� ,1921( .££°ª£��²®� ¦���� ��³� ��� �  ��³´ ���� �²¬ 

³¨§�²�� ´£��¬«� �²¬¨ ¬²´ ,¥ ¦³ ¡¢³ �«¥¨� ¦�²³£� �£²�« �¬� ©�²£ ¤²�-43,000¨± "² . �ª��£¥

 ­�« §£ ¬±�¦ ¦£�±¨ ��³� ¦³ £¦¦¥�(N25W) .� ´²�¡� ´�¦ �� £¦£�- §�³§£¬ª ©±�¦��¦ ©±��£¦��� ©£� 

(Weinberger et al., 2001; Ilani et al., 2001) .� ´²�¡ ©�®°� -��� §£¬¦«� §£«¥¨ §�³ §££ª���ª� §££ª±¦

�£�-¨�´� §££ª���¦®� §££ª�±£¢²± §££²¢ª¨£�« ´£´³´ £¬¦« ¦³ �ª£¦±ª£« ¦¬ �)Tarawneh et al., 2000; 

Michelson 1979 .(©¦��� ´¨² ¤�´ ¦� ´¥³¨ª �ª£¦±ª£«� ,´��¥³� ¦¬ ´¦ � £¡�¦£± §£«¥¨ �¥�´��, 

� ´�£�¢ª�£�-¨�´�£´£�� � ´£�£ �²� �´.  
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²�£� 2 :����¬� ²� � . ©£¨£- � §££¦²�¢±�²¢«� §££ª±¦�� §£¢ª¨¦� ´®¨��³�£ª±¦���  ,� ´²�¡-§�³) ¤�´¨: Garfunkel, 

1989(.¦�¨³ -©�®°�� �²¬� §££�� �ª±� §££ª±¦��� ´��³� - ©¦��� §££ª±¦��� §£¬¦«� ¦³ ´£��¦��£� �®¨� �±£²®� ¡² ¨

)¤�´¨ :Weinstein, 2007(  

£�«£¥� ´¦ �) £¦®©±�(�£²�« �²¬¨ §�²� £ª® ¦¬ ´¬²´³¨  ,�£�²£� ´¨² ,©¦��� §�²� , ¡² ¨� §£ ²�¥ ´¨²

©�´¡´� ¦£¦�� .©�ª�¦ §�²�� £ª�°¡� £¥³¨ ´�¦ � �¡¦± ©�£¦¬� ©±�£¦®� .�� ¦£¦��§£ ²�¥ ´¨² ´�¦ � �¡¦± 

 ©¨�²� ©�´¦�) ©¨££�1990 .(¦� ©¦��� ´¨² §�²�� ¦£¦�� ©¨ ²� �� § £ª±¦��� ��ª ©±�¢«££¦®� ´¨² ©�®° 

� ©¦����¡² ¨ ,´��£¡£ £´³� ¬£®�¨ ����:©�´¡´� ©±�¢«££¦®� ©¨ ¦¢²�� ´¦ � �£� �ª�´¡´� , �ª�£¦¬�� 

 ©�£¦¬� ©±�¢«££¦®�¨ ©¦�� ´¦ � �£�(Mor, 1993) .¦¦¥¥ , ©¦��� §££ª±¦��� §£¬¦«� £¦£�§�  ²´�£ §£²£¬°

©�®° ©��¥¦ �¬�ª´� §¬-¡² ¨ ,�£¦®�¨ §� �¨²� §�²�� §£¬¦«� ²³�¥§�±�¨� ©± , ¡² ¨� ©�®° ¦³ �¦��

 §££ª±�¢«££¦® §� ©¦���)²�£�§£ 2 ,3 .(©¥ �¨¥ ,¦±¦� «�®£¢¨ §� ©¦��� §�²�¨ §££ª±¦��� §£¬¦«�£ -

´¦ �, §£¢£ª � ²±£¬� §� �¨²� ¡² ¨� ©�®°¨ §££ª±�¢«££¦®� §£¬¦«�³ ��¬� ) ´���«£� §£²£³¬

¦±¦�§££ ,§£¦£�¢®¨�±ª£� ¢²�± ´���«£� ,¦£«� ´£«¡£ §£¦���±£( (Weinstein et al., 2006).  

1.2.2 .©¦��� ´¨²� ­�¢� �£²�±« £ª�¨ 

 ��� ¯²�� £�� �ª±� § £ª±¦��� ��²´�£´¦ � ´��¦ ¦³ .§££�°¨ ,´�¡® §£¡£¥³ ¤� , �£²�±« ¦³ §£¬®�¨

­�¢� .§£�¡²ª §£¡¢³ §£«¥¨� ´¦ �� £¡�¦£±¦ ���£ª� , £ ¥²¨¦ §´°�®´� §£¦���¨ ­�¢�� �£²�±«� £ª�¨

´�°²®´�� ,�£¦� £ª®� ´£«¡£ �¥�¨ª ´��£¨¬ §�¦� .�¦� §£¦���§£�²¡� ,´�¡®¦ ´£±¦¡ , §´�¡£¥³¦ 

´�¦ �¦ ����³�� �¥�¨ª� .©¦��� ´¨² ¡² ¨� �£²�±«� £¢�²¡ ,´´ ´�²�³ £´³� §£²��«- ¬±�¦ ´�¦£�±¨

 ¡¦¨� §£)©�®° ¤²¬� -§�²� .(� ��³� §£°�®ª �¨�� ©��£¥ £¦¬� §£¢ª¨�£ª£¦- ´��³� §� §££�°¨� §�³

²¡�� �²¬� §£)²�¨,1986 Camp and Roobol, 1989;()  ²�£�2( . ¦³ £ª�®°� ��°± ´� ����¨ §² ´¥£²�
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£¡² ¨� ¢ª¨�£ª£¦�,  ²�¨ ¬²´³¨³«²®´£ª�¨²¡ ²� ¦³ �£²�±«� £¢�²¡ ¤²� ¤³¨ª� §�²��  , ��²�

§£¨²¥�)  ²�£�3(,§² ´¥£²�¦ �¬ .  

 £�°¨ ­�¢ ±²§£ª�¨ £ª³�, ©¦��� ´¨²� ,§£ª££®�¨ ²®«¨ §£±¦�¡�§£®´�³¨ :¦¢£��� «±¦®¨�± - ¦¢ª�

§² ´¥£²��)  ²�£�2( .� §£ª�¨� £ª³ ��²�¨�£²�±« ¦¬ ­�¢´�¦ �� £ª±�¢«££¦® �´ ,����¬´²�´¨�  ²�¬¨ 

�²�£� §£°�°£®¦ ´�£ª�£¦��¨�²¢« ´�£�°²®´�¨ -§££ª±¦��.  

¦¢£��� «±¦®¨�±  ¥²¨�-¬±³ £�°¨ ¦¢ª� ,� � §�²�¨� ¦¢ª� ²� ¦³ �£²�±«� ¢�²¡� ©�®°¨ ¦���¨� ¦³ 

¦¢£�� ²� .¦¢£�� ­�¢ ¦³ §£®�³¡¨ §££�°¨ £ ¥²¨� ¬±³¦ �²¬¨� ¡² ¨¨ . £®��� £�ª£³ ���¡ «±¦®¨�±�

´£ª±¦��� ´�¦£¬®� .Weinstein )2007(�  Weinstein and Weinberger )2007 ( ¦³ ´�¦£¬®¨ ²�¬¨� £¥ �¬£°�

�£²�±« £¢�²¡ ´£ª� ¦³ ´�£ª�£¦��¨�²¢« ´�£�°²®´�� ´¦ � £¡�¦£± ,£�°²®´�¦�¢�£²®� ´�¨��¨ ´�£´

 ´¬±� ¦³  �±£ª� ©��� §££�ª£³¨ ��°�´¥ §²�ª  ­�¢ ´��²�¦ ��£��³�²¢£ª�±�¬±�� §�� ´²£°£�  , ��

£³³ §�� ¦³ §£¨� «¦®¨ ´£¦¬� £�ª� §££± �£�²´� . ´£ª±¦�� ´�¦£¬®³ §� ©¥´£'§�²¢-´£¢�£²® ' ��£²��

 ¯¡¦� ´���£ ´²£�¡ �²³®� ²�ª£° ¦� §£¨¨��¨§¬ §£¨� ¦³ ¬�¨� �� ¨��¨� .  

1.2.3 .���£�£��¦��£��� �£®²��§² ´¥£²� ¦³  

 £¢®£¦� £®²��®�¢ ¬±³ �ª£� §² ´¥£²� ²��¨)1000u1200²¢¨ () ²�£� §£3, 4 ,5( . ²®«¨ �±¨�¬³ �¥£²��

 ¦³ §�²� ´�°¨ª §£²¢¨940§£� £ª® ¦¬¨ ²¢¨  ,¥-20��¬«¨� £²�®¬£ ´¬±�¦ ´¡´¨ ²¢¨  . ²��¨� £¦�³

¥ §£�³ª´¨-30 �¬ 100¨ ²¢¨ � «¦®¨ ¦¬�¥£²� .� ´£¬±²±��¥£²�¥ ¦³ £��¬� £¨�� ¢ª¨£�« �°¨ª -80 

²¢¨, �«¥¨� £ª±¦�� ¤´¡ ¦¬ .²¬« ¦¡ª ²��¬ ²��¨� �ª�¨¦ �²¬¨ ©�®°¨, ©£� � ²��¨� ©�¨²¡� ´�ª�²�¨

 ´£ª�®°� �´�� ´� §£ª��� ©£�¦´£¨�²�� �´��� §££�°¨� ©¦��� ¦³ §££ª±¦��� §£¬¦«� . ©�¨²¡� ´�ª�²�¨

§£�¥²�¨ ²� �� ¨�²�£�� �¬� ©¨�ª±� ©¨ §£¬¦«,¡² ¨ §�²� ©��¥¦ §££�¢ª�  . £�°¨ §² ´¥£²�¦ ¡² ¨ ©�®°¨

§² ²�,´£ª±�£¦® ´¦ � �£¦¬¨� ´£ª¨�ª±� �ª¡ ²£� ´²�°´¨ �¥²�¨�  .¦ �²¬¨ ©�®°¨§² ²� , ©£�¦ �ª£�

©�¨²¡� ´�ª�²�¨ ,²¬« ©��� ,£²�®¬£ ´¬±� �£�°¨,§�£��¦�� ­�¢ ´�¥²�¨ �´£¬±²±³  .²��¨¦ §�²�¨ 

§£¨²¥ ²� ¦³ �£²�±«� ¢�²¡ £�°¨ .  §£¨²¥ ´¦ � £¡�¦£± §£®�³¡ ²��¨� ´�ª�²�¨� §£¨²¥ ²� ©£�

´£ª±�¢«££¦®� .²��¨� �²¬¨ §�²�� , §£¨²¥ ´¦ � ¦³ ©�£¦¬� ¡�¦£±� ¦¬)©¦�¦: "�ª�£¦¬ §£¨²¥" ( £�°¨

§��� �£²�±« ¦³ ¢�²¡ , £²�®¬£ ´¦ � ¦³ §£²�¡¨ §£�¦�³¨ ��) ²�£�6 .(¢± �£²�±«� ¢�²¡ £�£ ¦¬ §�

²��¨� .²��¨¦ �²¬¨¨ ,�£²�±«� ¢�²¡¦ ²�¬¨� , ©�£  ©£¬ ´¦ � £¡�¦£±¨ ´�¥²�¨� ´£´¦ � �¨² �£�°¨

²¬« ´¦ �¨� ,²��¨¦ ´²¡��¨� , ¦¡ª¦ �¥®³ª� ©�®° ©��¥¦ ²��¨� ¦³ £�²¬¨� �¦��� ¤²��¦ �¨²  ²³�

²¬« .��£�«� £¬¦«¨ §£�¥²�¨ ²��¨� ¦³ §££¨£ª®� �£´�ª�²�¨,¨� ²��¡ ��� §´�� §´�� �«¥¨� ­�¢ .

 ¬��� �²¬¨ §�²�� ²��¨��£²�±«� ¢�²¡ ´�) ²�£� 5( . £¡�¦£± §£®³¡ª ²��¨� ¦³ £ª�®°� �£°¡ ¤²��¦

� ¡² ¨ §�²��� §£¨²¥ ´¦ ��¥£²�¬�  ´�²�°´¨ §££²¢ª¨£�« §£¬¦« §£®�³¡ ' �ª¡ ²£�� ´£ª�²�¢� �ª

 ´£ª¨�ª±�)²�¨ ,1986 ; ©¨££�1982 ;©¨££�  ,1993 .(  
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²�£� 3 : §² ´¥£²� ²� � ¦³ £®²�£¢²¢«� ²�¢�� ´£��¦��£�� �®¨�)§��� ²� ©�£¦� ¤�´¨.  Mor, 1987(  

  

1.3 .´�¨��± ´����¬ 

1.3.1 .£¦¦¥  

� ¥¥� ©¦��� ­�ª� �£²¡ ¬®�¨ �ª£� §² ´¥£²� ,£²�¢«£�� ¤¦�¨� �¥³¨���² �¦ ´¨�³´  . �¥²¬ª ²´��

§£ª�³ §£²±¡¨ ,§££��¦�²�£� §²±£¬ ,¤�´�£��¦��£¥²� ´����¬ §� �¥²¬ª  ,��¦®-´�£¨£¦±� , §££�®£¨

§££��¦��£� ,� ´�£��¦�ª±¦�� ´����¬��£�´�£¨£¥.  

«�£�¦® «�®«�£ £�´¥� ¬£®�¨ §² ´¥£²�� ²±¡¨ ¦¬ ©�³�² ¡��£� ,´¨ ©� ­«�£ �����£´ , £�«£ª ²��´¨ ��

��¦�²�£�£ «�®£¦£® ¤²¬³ )©³�� ¤²�²¢¢� «��²�� ¤¦¨� ¦³ �ª� (..."³£��§£ª®¦ ¬�£ �¦  ,� ©¨ £¥�¥£²� 

©�²£� �°�£ � � ,´®�¨� ²��� ´� �¦�� ©�¥²¢ ¯²� ¤£«ª «�®£¦£® �� ²³� �¬ .¦¬ ¯�¨ �²  ���- �²¬±� £ª®

]§² ´¥£²�¦ �ª��¥�[ ,£²¡��-�°¨ ©¥ ,«�£ª® ¦� ¯�¨� ­¡«ª £¥ , ´�²�±¨ ´� §£ª�³�²� �³±� §³ ²³�

©�²£� ,§£¨� £ª® ¦¬ ­° ���� §�±¨��".) '¨ ´��¦�´§£�¨�²� §¬ §£���£� ´¨¡¦ ,'� ²®« '£ ±²® ' �±«®

 '.( ©�²�± )1971,©¨££� £®¦  ,1982 ( ´�¡�� §¥£« ¦³�´ £¡��£±"� ´£¬±²± ´¡´ �°¨� ²� �� ©¨ ¦�¥£²� 

§££ª±¦�� §£¬¦« ¦³ §£²¢¨ ´�²³¬ .�£«£ª� �³¬ª³ ´�®«�ª ´����¬©²� �� §��´� £¨ ²¢³¨ ´� ©£��¦  

�ª££®�¦�,£�£ ¦¬ �¥²¬ª   : £¨²¥ �²£¨�)1969( , ¯£��ª�¥� �²£¨)1969( , ©�«¦¥£¨)1975( , ©�²�±)1971 ,1974 ,

1977 ,1978 (�- Dafny et al. )2003 .(Weinstein )1976 ( ¡��£±¨ ©¦�® �ª¡�P/8 ´¦£¡´³ �¬£°��  

� �´££� �£°¢ª¨£�«�-Würmian) 60–18 Ka .(Ehrlich and singer )1976 ( �¥²�´� §��� ´��¦�´ ´� �²±¡

´ ´�¢ª¨£�«� ´¬±³� ´¦£¡¦ -108 Ka )��²§² ´¥£²� £¦£� ±²®  .(Frank et al. ) 2002 (��¦®� ´� �²±¡-

�£¢ª�¨´� ¢ª¨£�«� �¥£²� , ©¥�Schwab et al. )2004(. ¤²�°¦ §£¢ª¨£�«� §£´£ � §£ª�¦� ¦³ ©¦�® �ª¡�  

��¦® ²� ¡³-��¦�±�£. Goren-Inbar )1985 (�®³¡,��£¦® §£¦¥ ´£��¦��£¥²� ����¬� ££´£¦§ ,�«��£¦®�¨¦ 

§£¨²¥ ´¦ � £¡�¦£± £ª³ ©£�³ ,²´�� ¦¬ ����¬� ¤¦�¨�� ,Feraud et al. )1983 ( §£¡�¦£±� £ª³ ´� �¥²�´
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)��²§² ´¥£²� £¦£� ±²®   .( �¥²¬ ´£��¦��£¥²�� ����¬¦ ¤³¨��Goren-Inbar et al. )1986 ( ´� £¦ª�

²� �� ´�£ª±¦��� ´�²�°´� ¦³ ´�£¨£¥ ,�� ©±¦¡ ´� �ª££®�©�£ª£� ´£®²�£¢²¢«� �±�¦¡� ´� �³³£.  

� ²� ��¥£²� ´£��¦��£�� �®¨� ¦¦¥ª 1:200,000 ¦³ Dubertret )1954 .( ©¨££�)1982 (  ��£¨ �ª±� �®¨ ©£¥�

1:10,000� �£�« ²� �� ¦³ �¥£²� . ²�¨)Mor, 1987( ´²�«¨� ²� �� ´�£��¦��£�� ´�²�°´� ´� �®£¨ 

�¦��£�� �®¨� ¦³ §��� ²� ©�£¦£� ´¥£²¬ ¦�²³£ ¦³ ´£�)1:50,000 .(  

§£ª�ª�ª¨ ²®«¨ �¬°�� §² ´¥£²� ´�²°��£�¦ .Schumacher ), 1888©¨££� £®¦ ,1982 («�®£¦£®¦ ¤³¨�� ,

� £¥ ¬£°��¥£²�£ª±¦�� ²°�´ �£�  . ²«¥¦®)1969 (£¢«²± �°�¨¨ ³´¥¨� ²���¨ £¥ ¬£°� , ²� ¨�)1969 ,

1976 (°�®´�� ��� ²´�� ´£��¦�®²�¨ ¦³ �²�±¨ £¥ ©¬¢�¦��� ´£ª±¦�� ´�° . ²�¨)1986 ( ´¥£²� £¥ ¬£°�

�ª¢± �²�¦± �ª£�� �¨��� ©¢� ¦� ¢¢�¨´�³ ³¬� ¢�²¡ �£� §² .��� �ª�¨� ´�¡´®´� ´� ±¦¡¨ 

§££²±£¬ §££ª±¦�� §£�¦³ �³£¨¡¦ .£²�®¬£ ±¨¬ §�²� ¦� §£¨²¥ ´¦ � £¡�¦£± ¦³ ��� ©�³�² �¦³ . �£²¡�

 ´� �ª��� §��� ´£²�±« ¢�²¡ ´£ª�'§² ²� ')� §�£¥ �£�°¨ �� §�±¨� �³ª´�³ ¢�²¡�¥£²� .( £³£¦³ �¦³

§² ´¥£²� ­�¢ ´�£�°²®´� �¦³ ��� , ¤�´¨'£³¬� ¢�²¡ ,'¢�²¡� ´��²�¨ ¦¬ �´��²�� . ´��²�¦ ²¡��¨

²¬« ´¦ � ´¡¦�± ­�¢� ,³¬�� ²�¨ ,�²¬¨¨ �´�� �®£±¨ ,§��±� ²¬« ¦¡ª ¯�²¬� ´�²�£� . ´�ª±�²´� §¬

� �´¨��¨²�� ´¡´ � ,¡¦� �²�£³¬�� ²�  ¥²¨ ¢¢�¨´¨ �¥�´¦� «²�± ���� �� ¯ . ©¨££�)1982 ( ¤¨´

´�¦ �� ¦³ ©²�±¨� £�ª£³ ¬£°� ¤� ²�¨ ¦³ �´¬°�� . ¦´¨ �¦� §£¨²¥ ²�¨ �¬£�� §£¨²¥ ´¦ � �´ª¬¢¦

�¡�®ª¨ , §��� ²�¨ �� �¬°± ¦´¨ �¬£�� ²¬« ´¦ ��)²�£� §£3 ,4( , ©¨££� ­£«�� ©¥ �¨¥)1982 ( ´� £�®£¨¦

£²�®¬£ ´¦ �.�£²�¦�  ')1984 ,¦¬� §£²��-²�¨ £® ¦¬ �® ,1986 ( �£²��¡� ©££¢³ª£��)2004 (� £¥ �¬£°��¥£²� 

²��¨ �ª£� ,�¢�£²® ¤£¦�´� ²°�ª³¨��¨£´.  
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²�£� 4 : §² ´¥£²� ²� � ¦³ ´£®²��®�¢ �®¨)¦�²³£ £�®£¨¦  ¥²¨�.(  

  

1.3.2 .§£´£¦�ª«±  

²±�¨� ²£³¬ §² ´¥£²� ¦³ ­�¢� ©�´¡´ §�²± ¦³ §£´£¦�ª«±�� £¢£¢�«²± ¦��£®¨� ¦³ §£¢«£ ¦����

§�²±-´®¢¬¨ . §££®�¨ §£¢£¦�ª²�¨ �¥²�¨ §² ´¥£²� ¦³ §£´£¦�ª«±� ­«�¨¦��£®¨�� §£¢£ª«±�²£®¨� -

§£¢£ª«±�²£®) Mittlefehldt, 1984 .( ´¨² ¦³ § £ª±¦��� ��£²¡ ����� �¥ ´�¡£¥³� §£¢£¦�ª«± ´�¡¥�ª

©¦���. ©¥ �¨¥ , §��¨­« §² ´¥£²� ¦³ §£´£¦�ª«±� £¢£¢��£²®� ­«�¨�¨ �ª�³ , �°¨ª ¦¦¥ ¤²��³

©¦��� ¦³ §££ª±�¢«££¦®� §£¢£ª«�� .Mittlefehldt )1984, 1982 ( �£®²��²¢®� ´� ©£��¦ ©´£ª £¥ ��²�

§² ´¥£²� ¦³ §£´£¦�ª«±� ¦³ ¢²�±� ´���«£ �¥²��, ���²¬ ¦³ ��°�´¥ ¨��¨ £¥� ©¦��� ¦³ ´�£´¦ � ´�

£¢£¦�ª«±�£´¦ � �¥²�� ¤´ª ¦³ §£¢¦�¨�± §� §² ´¥£²�¨ ¦��£®¨�� £¦£¥¨ §. ²�±¨ £¥ ¬�± §� ��� 

 ©�´¡´� §�²±� ��� §£¢£¦�ª²�� §£´£¦�ª«±�) ¦³ §£°¡¦ MPa550-800.( Weinstein et al. )2006( 

§£¬£°¨,£¦±¦� ¤´ª ´�£�¦ §££�³¬ §² ´¥£²� ¦³ §£¢£ª«±�²£®�¨ ±¦¡³ -��®± £´¦ � .¦¬ ´�®«�ª ´����¬ 

¦³ �£¨£¥��£��£�£ ¦¬ �¥²¬ª §² ´¥£²�¨ §£´£¦�ª«±   Stein et al. )1993 (� - Downes et al. )2004.(  
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2 .²±¡¨� ´�²¢¨  

§² ´¥£²� ²´� ¦³ ´£ª±¦��� ´�¡´®´�� §£�¦³� ²�´£�¦ ��¬�ª ����¬� , �²°£³ ´�£�°²®´�� ©�£®£�¦�

£¡¥�ª� �ª�¨� ´�, ¦� ´�«¡££´� ¤�´ �§ £ª±¦��¨ ²�¬¨� ´�£«� ©¨  ³�£ ) £¡�¦£± ´�£�°²®´�� ´¦ �

´�£ª�£¦��¨�²¢« (�¢�£²®� ´�£�°²®´�¦¨��¨²��¨� ´� �²°£³ ´�£´ . ��¨£¦ ´¦¦�¥ ����¬�

´�� ´£²� �� �£®²�£¢²¢«��±¨ ´�£¬±³¨� �¢�£²®� ´�£�°²®´�� �²°�ª³ ­�¢� ¨��¨´�£´ ,§²� £®� ,

§¦£�� ,¢ª¨�²®� £¦����� �£��¦�´£¦�£ § §££�°¨�§� .¨ ����¬� ´²�«¨� ²³�¬¦ ²�«� §� ¬°�� ¬¦« £±¦¡

 §£±�¨¬)§£¢«£²±�¨� §£´£¦�ª«±� (­�¢� ,§££ª±¦��²�£�� §£¥£¦�´¦ §£²³±� §£�°�¨�. 
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3 .´�¢£³ 

3.1 .��³� ´���¬ 

´�ª�³� ¬¦«� ´��£¡£ £�®£¨,�´²�� £�� ¦¬ ��³� ¬°�´� - ¦³ ��£¨ �ª±� �¢�®1:5,000)  ²�£�5 .( §£¬¦«�

 ��³� ��� �� �¨¢�ª �®«�ª³ ´��¨���©²´�,�¨°ª �� ¡£³± ©�¦££ª�  ,´�¨�¢� ´�ª¡�¨ ¦� �®«�ª³ �� .

 §£¥´¡�©�¢ª²� ´�¬°¨�� ���¨ª ´��¥³ ´££¢ª� §££®²�£¢²¢«� ,� ��£�¨ ¢²«-GPS . §£¥´¡� £²´�

´���±ª��´²��� £�� ¦¬ �ª¨�« §��£�� -�¢�®.�³± ´��°¨´�� ©� ´���±ª  ��³� §� �ª¨�«, §¬ ´��´£� 

´³�¡ª ´�¡�¦, §�£¦¬ §£�³�ª� ²®«¨� ´£ª£¢¦ ´��.§£ª�´ª� ���£¬�   ´£��¦��£�� �®¨� ´¥£²¬� §££�¡²¨� 

´ª¥�´� ³�¨£³ �³¬ª Arcview G.I.S.,�«²�¨  :6.5.20.0)  §£²�£�4 ,5 ,7(.  

3.2 .´�£¨£¥� ´�£®²��²¢® ´� £¦ª� 

148¬¦« £²�³ ¦³� ­�¢ ´��¥³¨ ´��¨��� ¦³ §£®±³  ©�� ��°¨ª³,�¦ �³¨£³ £�£®©£�£¥²¨ ­�¢�   

§´²¥��.  £¬¦«¨ §£®±³ �ª¥�� ©¥ �¨¥�¨� §² ´¥£²� �£�« §£®�³¡¨ ¦³ §£��¦ §£¡��£±�¨²� � , ¤²�°¦

´²¥� £¨�±¨� £��¦�´£¦� ¤´¡� £��£ ¦�  ¦³ §²�±¨ §£¢ª¨�²® ��°¨ª³­�¢�.  ©�¥¨� �ª¥�� §£®±³�

§£¦³�²£� £��¦��£�� ,©� ´¢£«²�£ª��� ��£�«�� �£��¦��£�� £¬�¨¦ �±¦¡¨� -�� ��ª� ©�£²��-Spectrum 

Petrographics, Inc  ²��±ª���³ ,��ª± ,§£®�±«�²±£¨ ´�¬°¨�� ��¨¦ª�-§££¢®�� - ´²°�´ §£�¢±¨Nikon ,

 £¨��¨Eclipse E400 POL� -Labophot-pol. ³�¨£³ ¤�´ §£ª�³� §£�£¥²¨�  �¡� ¬�±ª ­�¢� £®±³¨ ±¦¡� 

�-Pick-pointer ,¨ ´²³®�¨� §£¬��± §£¡��²¨� ­±³� ´� �¢£«¨� ®�±«�²±£¨ ´¨� £�£¥²¨ ¦³ �££ª

­±³�. 

´�ª�³ ´¦ � ´��¨��� ¬�³� §££²±£¬ ´���«£ ¦³ ´£¨£¥ �±£�� , ¦³ ©¥�238U, 232Th� -40K ´��¨��� ²��¬ 

�£°ª«£ª£¨�¦� ,£��¦��£�� ©�¥¨� �¥²¬ª .¥-100ª¡¢ª ¬¦« ´¨��� ¦³ §²� �§£²��¥ ´ª¡¢¨�  . ´���«£� ²��¬

§££²±£¬� , §²� ¬�²�¨��� , §¬ ��²�¬1.25 g ¦³ LiBO2®¨¢� �ª£¢¦® ´£²�¥� ¤´��� �²�¢²¥ ¦³  -

800ºC .�¬³ ¬�² ²¡�¦ ,� �«¨��³ ´£¥�¥ ¦ ´�²£�¨� �¨���� �²²�±-8 ´£´±ª¡ �°¨�¡ ²¢£¦£¦£¨ 

%)60 .(� �¦£�¨ ²¡�¦-150¢£¦£¦£¨ ²§£±±� ¨ §£¨ ,� §££²±£¬� ´���«£� �±��ª -Inductively Coupled 

Plasma Atomic Emission Spectroscopy) ICP-AES( .¡� ¦±³¨� ©����§�¨£) L.O.I. (Loss On Ignition 

 ¦³ �²�¢²®¨¢¦ �¨���� §�¨£¡ £�£ ¦¬ ¬�±ªCº1050 ©�±²£° ´£²�¥�. 238U,� -232Th ,� �±��ª-ICP-MS, 

 �� ¤£¦�´� ¦±³¨� �¨���§²� £°¡ ,�²�¬� §¬ ©�±²£° ´£²�¥� 2 g Na2O2 ,¨�¡��¨ ´�±� §£¬�²� ¤³¨¦ 

�-500ºC . ©�ª£° ²¡��«¨������ ¨� �®«�� �«£¨´¦� §£±±� ¨ §£¨� 20¨  ²¢£¦£¦£HNO3.¨ ��«£¨´ ´

� ³�¨£³ �³¬ª ´�ª¥�¨�-100²¢£¦£¦£¨ .  

3.3 .�£²¢¨�¦�ª²� 

¨ §£¦���� §£¢ª¨�²®�-30¨ "¨ ª¨ª���¨ª� ���£�¨ ¢²« ´² ¬� ��³�  .¨ §£±�� §£¢ª¨�²®�-30¨ " ¨

�ª£�¨¯²�� ²��¥ £¬�¨¦ ©�¥¨�³ §£¢ª��¢«� ´��¬¨�  ,¬� �¢£«²�£ª���´£²� . �¥�¦¨ £´¦� ­�¢ ´��¨���

¥ ¦³-100-300§²�  �³��£� ²�ª´� -Cº107�� ²´�£ �� ´�¬³ ¬�²�� §£²³¬ ¤³¨� ��²®� §£¢ª¨�²®¦ ´² ¬� 

 ³´¥¨� £¦¬)³ �¢£³²³®£�²£�³¨ ´�¬ª¨£� ¤�´ ��²®� ��±�«£²� §£¢ª¨�²®� .(  ´²²�®¨� �¨����

 �´®�ª ¦³ ´�®ª�4000 ,2000 ,1000 ,500� -125²¢¨�²±£¨  . �¦±³ª ²�²�� £¦�� ¦³ ´�ª�³� ´�£°±²®�

�§££ª �¨£¦�¢£�£� §£ ��«¨ Precision Balances, BBA-600 ¦³ ��£�³ §¬ 0.01 g . �£� ´�ª�³� ´�£°±²®�
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§²�¨ ¦��� ¦±³¨�,³ ¤¥ ´£«¡£� ��£�³��¥�¨ª ¨ -1% . §£¬¦«¦ �¨£³£ �  �¢£³��¦� §£¥£²® , �¦ ©¥ ¦¬�

 ¦¬ �¨³�£´��¥³­�¢ ¢£� �¥�¦¨ �.  

3.4 .¢ª��²±� ´¦�¥´ ´±£�� 

¢ª��²±� ´¦�¥´�¬�±ª �  -66­�¢ ´��¥³ , £® ¦¬�²�£� �°¨�¡� «¨�¨� ²¨�¡� ¦³ £¦±³¨� �±¦¡ -´£²�¦¥. 

²££ª ©ª«¨� �²®�� «¨�¨� ²¨�¡�,£¨²± ©ª«¨� �� .  ²££ª� ©ª«¨� �±£��� ¤£¦�´)Whatman & Balston, 

GF/A 5.5cm.(¦¦¥   ´¦£±³� ¤®³¨� ²££ª�©�ª£« ,� ¤®³¨� £�¦£¨¥-50 ­�¢ §²� ¨���� ³��££�� ¤³¨� 24 

� ´�¬³-Cº80.�¦¨� ¤®³¨� ´¦£±³ ²¡�¦ ,� §££¨¬® �¨���� �«¨�� -200 ´£¡¦¨ �°¨�¡ ¦³ ²¢£¦£¦£¨ 

)HCl 9.25%, ¦³ ¦��£¨ 1:4( ,� �®¢³ª-200²¢£¦£¦£¨ §£±±� ¨ §£¨ ¦³ §£®«�ª  ,£�� ¤³¨� �³�24´�¬³  

�-Cº80. � §¬ ©�ª£«� £¦¥ ´¦£±³�¨���¡�¦ �³�£� �«¨�� ²� £�«¨��³ ´�¨¥� ��³£¡ �²³®. 

� £¨�²±� ©ª«¨� �±£��� ¤£¦�´) ´²°�´Duran, West Germany (¦±³ª±£²� £±ª ���³¥ ©ª«¨� �  ��³

� �´ª¬¢� ²¡�¦¥-24§²�  ­�¢ � ¤³¨� ³��££24� ´�¬³ -Cº80 . ¤®³¨� ­°�� �¦£±³� ²¡�¦�-50 

 ²¢£¦£¦£¨�°¨�¡.¦ ²¡�« �¬³ £°¡¥ �ª �¨���� �ª��³¨ ´² ¬�§�±��� ´ , �®¢³ª�¥-50 ²¢£¦£¦£¨  §£¨

§£±±� ¨ , �³��£ ¤³¨�24´�¬³  �-Cº80�¦±³ª�  . ¦±³¨� �¦±³ª ´��¨����PLS 360-3 ´²�¡ ¦³ 

KERN ¦³ ±�£��  0.001§²� . 

� ´�£�³��£�¨§£ª®�� £ª³� �¬�±ª :  

1. �£�¨� ´¬�²�� ´��¥³ ¬�²� ²��¬ ��¥³ �´��¨ ´��¨���  ´�ª�³ ­�¢�²�����¢ �¨�´�  , §¬£¢« ´

 ¦³ ´¬°�¨¨ ©±´0.22´��¥³� ¬�²� ²��¬ §²� .����� �££¢«� � ¦¬ �´¦¬ �¦ ²´�£� 0.33§²�  ] §�³

4.7%£«¡£ [. ­«�ª� ,­�¢ ´��¥³ ³³¨ ´��¨��� ¦³ §£�¨° �³£³´�ª�³  ,��¥³ �´��¨ �¨° ¦¥ , ��²�

§�£ª£� ´��°�´� ���¢ �¨�´� §� §�, §¬ ³²®�¦³ ¬°�¨¨  0.48 §²�,�¡� �¨° �£°��¦ ,¡��¢�³  �� 

 ¦³ ���3.6 ��¥³¨ �´�£� §�³¨ ´� � §²� H3-10,¢ª��²±�  �¥£²� �£¦¨�ª� �¦£¥¨� ) ��² ±²® 

´��°�´(. 

2.  ¦³ ´² �¡ �«¨�11´��¨��� ,�®£¢³� �°¨�¡ ¦³ ­«�ª ²� ¡¨� , ¤� ²¨�¡ ¦³ �«¨� ¤³¨� �´�²� 

�ª¢± ´�¨¥� ²�«� ¤²¬�-¦��� ¨� «¨��³ � �«¨�� ��ª�³�² . ²� ¡¨� «¨��³ ²¨�¡� ´£°±²®

¬ �¦�¬ �ª£� «¨��³ ²¨�¡� ¦¦¥ ¤�´¨ £ª³ �«¨� ¦0.21§²� \§²�, ��� ¬°�¨¨� �¥²¬� 0.09 

§²�\§²�. 

3.5 .��²®�²±£¨ ©�²¢±¦� 

� ´�¦ � ¦³ §£³¢¦�� §£®±³� §£¦²ª£¨ ¦³ ´£¨£¥ � £¦ª�¬¦« £²�³§£®�¢�¨ ,©�²¢±¦� ´�¬°¨�� �¥²¬ª  

 ��«¨ ��²®�²±£¨Jeol JXA 8600¯²�� ²��¥ £¬�¨¦ ©�¥¨�  ,�ª��´£²�¬� �¢£«²�£.  

 §£³¢¦�� §£®±³�)£«±�®� ´±£°£� �³±��³ ¬¦« ´��¨��� (§�¦�£ ´�±��� �³¢�¦ ,©¨¡® �®�°� .

°���³ §£ª�²¢±¦� ©²±� �ª²±�� ´��¨����� ¦³ ¡´¨� 15 keV (Accelerating Voltage) ¦³ §² � ~10 

nA . � £ª²±X ¤³¨� ���¨ª 60 ´�¬°¨�� ´�£ª³ Energy Dispersive Spectrometry (E.D.S.) . £«¡£

� ´���«£��¨��� ´ª¥�´� ��³�¡ ZAF/Proza ´�¬°¨�� ¦�£¥ ²¡�¦ ¦³ §££¬�¢ §£¢²�ª¢« S.P.I..  
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3.6 . �£°ª«ª£¨�¦� ´¢£³� ¤�²�£´(OSL) 

 ¤�²�£´´�¢£³� �£°ª«ª£¨�¦� §£®�³¡ �£� ²®«�¦®� ¯²��± �� ©¨ � ´¬£�± ²³®�¨  �ª�²¡�� §¬®�

 �� ³¨³ ´ª£²±¦¦§�¡ .�£´¦ �¦£¬£ �¢£³��ª³ £®¦� ´��¨ �¬� ´����� §£ª³¨ ©¦£�³ ´��¨��� ¤�² .

ª«ª£¨�¦° �£´²°�ª ¨ ´¢£¦®§£ª�¢�®£ª�°£¡ £�²£�¦ ����´¥ ²¨�¡¨  , ´¨���§£�´¨ ¦� ¤²��� ²�� ,§�¡ ,

¯¡¦ ,´£¨£¥ �£°±�£²,��  ´£¢ª�¨�²¢±¦� �ª£²± )Lian, 2006 .(§££ª�¨ §£¨�® §£¦£¥¨ §££¬�¢ §£¦²ª£¨ 

�®¦¡� �� ´�£°±�¦«£� ©��¥�£²³� ´ ,³±¦¡©���¨ �' ´���¥¦¨ '§£ª�²¢±¦� . �£�²ª� ´£¨«�± �ª£²±¨

¨�ª£²±´ ,Į  ȕ �-Ȗ ¬¦«� ´£�£¢±��£�² �¥£¬� £¥£¦�´� ´¢¦®ª� ��£�«� §£¨�¢�� ´� ´ªª££¨, 

§£²²¡´³¨� §£ª�²¢±¦��� §£²�¢°¨ ��°±� ´���¥¦¨, �ª£²±� ´�¨¥¨ ² �ª� � ´¬��®� ¤³¨� ³£��

�®£³¡� .�£���¥¦¨� ¦³ �¦¨ «�¦¥���¨¦ �¢£³� ´¦��«¨³ ©¨ ¦ ©�£¦¬ ¦��� ����¨ ´ .�£°ª«ª£¨�¦� 

�²¡³� �²�±¨ �¨°¬²§£��¥¦� §£ª�²¢±¦�� ´���¥¦¨�  ,²³®�¨� ²�²¡³�°¨¦ ��³¦ §�¦ § � �£°£ ¤�´

´¢£¦®§£ª�¢�®  .£±£§¦³ ©���¨  ´���¥¦¨ ³£���,©�¦³ £¢�²ª�� ±¨�¬� ´��¡££´¨�  ,� ´²£°� ´¦�¥£

� §£ª�³ ©¨  £±²®¦ §£ª�²¢±¦��´��£¨¬©§££ª�°£¡ §££�²£� £ª®� .  

¢ª¨£�«�¨ �²®��³ ²®«�¦® �� ¯²��± ¦¬ ��²¦ ´�¬°�´¨ �£°ª«ª£¨�¦� ´��£�¨ .� ¦£��¨��� £�£ ¦¬ ¬�±ª 

 ¦³ ��£�¨´²�¢°¨� �ª£²±�equivalent dose) (¦²ª£¨�   £�£ ¦¬£¬�¢� ¦ª�£«� ²� ¡³ £®¢³� �´±�¦¡� 

�ª£²±� §££´�£�«� (dose Rate). ��¨ª �� �¢£³�´´²�¢°¨� �ª£²±�   �ª�¥¨Single Aliquot 

Regenerative (SAR) dose . ´²³®�¨ �¢£³� ¦³ ��£�¨ §� �¡�£¨� ´�ª¢± ´��¨���)Lian, 2006(. ©�´ª  � 

 ��³¡§² ´¥£²� ¦³ �²±¨� , §�³¨  �¥£²³ £²�²��¯²��± ²´�£� ¤�¨ª ­�¢� )£®¦� �¬�´¨���¨ ´­�¢�  :

 ¦³ ¦���� �´££� ²´�£� �ª¢±� �¨����0.01§²� .(  

 ³³ �®«�ª ´��¨���¨­�¢ ´��¥³§£¦�«��£¦®�  §£®�³¡�§² ´¥£²� �£�«  . ¤²¬ª §��£���¦®�� ´¡´ 

£�«£¥ ,³¨³¦ �¨���� ´®£³¡ ´¬£ª¨¦ ,¦ �´£� �¦�¦¬³� ¦ª�£« «�®£�¦ §�²� -OSL . �¨³�� ´��¨����

 §�¢� ©�¦££ª�)� ²��¦¦²£���.( ²± ¦³ �¨�²´� ��³£¡¨ �¦�±´� §££´�£�«� �ª£²±� £®¢³´�ª£ Į� -ȕ,  £®¦ 

  �¥£² §££�£¢±��£�²� ´���«£�¢ª¨£�«�) 238U, 232Th� -40K( . ´� ¦³ �¨�²´�� ´£¨«�±� �ª£²±� ¦³

� ´ª£²±-Ȗ�ª�¨ ´² ¬� ��³� §£���¨   Ȗ) ��«¨ ²�¢¦£¢ª£«PM-11( . �ª£²±� £®¢³ ´� ±£��¨� �³¡¦ £�¥

¢ª¨£�«� §£¨� ´¦�¥´ ´� ´¬�¦ ¤£²° ,��£¥¨©���� �¬£¦� §£¨¦³ �¦³  � ´ª£²±-Ȗ . ��³�¡ §£¨� ´¦�¥´

�¨����¨ ±¦¡ ¦³ ´² �¡ �¦£±³� ³��£� ´£¦±³¨ .§£¨� ´�¨¥� ��£�³� , §££´ª�¬ §££�ª£³¨ ´¬��ª�

¢ª¨£�«� ´�¡¦� £ �¡��,§��£�� ´��±ª� ±¨�¬¦ �²£®¡ ¤�´¨ ²¨�¡ ¦³ §��£� £�£ ¦¬ �¨°¨�°  . ¦¬ ����¬�

¨�¨¬ �¨�´¥ �²��´ §¬ ²�¡� �¥²¬ª �£°ª«ª£¨�¦� ´��¨����,£��¦��£�� ©�¥¨� ´��¬¨�  . ´��¨����

²�¬� ��¢² £�®£ª � §£²�²�� £�°£¨¦¦���74-210 ȝm  .��²³�� ´��¨��� ¨ �¦¬¨¦ ¤³¨� -24´�¬³  �«£¨´� 

�²�£� -´£²�¦¥) HCl 10% (©¥¨ ²¡�¦� ª®¢³� �²�¬�� ²�ª´� §£¨£ ²®«¨ ¦³ ³��££  -50ºC , �¦³ �²�¢²®¨¢

� ¦ª�£«� ´¬��®-OSL .� ³�£� ²¨�¡��¨ �²®´£¢ª�)  ¦³ �£²®¨�Franz( ¦³ §² � �²³�¨ ��³� 1.5 Amp 

 ²�³¨ ¯²��±� £²�²� ´� ����¦ £�¥§£¦²ª£¨� .�²®��³ ¯²��±� ´°¨�¡� �²³�� HF´ ¥�²¨ ) 40%( ¤³¨¦ 

´�±� §£¬�²�,¤²�°¦  �«¨´ ´�£²�³ ²®«�¦®� �¯²��±� £²�²� ¦³ £ª�°£¡� §±¦¡ . ´��£¦ �²´�ª �  ©®���

¨ª ©��� ��¦� ¯²��±� £²�²���� �£°ª«ª£¨�¦�. 
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4 .´��°�´ 

4.1 .£��¦��£� £�®£¨ ,� �£®²�£¢²¢«´´-¬±²±� 

 

²�£� 5 : �®¨��£�§² ´¥£²� ¦³ ´£��¦ .¨ �®¨� §£¨²¥ ´¦ � ¦³ ©�¨£«�££´�ª�£¦¬ §£¨²¥ ´¦ �¦ «¡ . �ª�´¡´ §£¨²¥ ´¦ �

� �²¬¨ ©�®°� £¥ª� ­�³¡¨¨ ´²¥�¨�¥£²�®¨ ¢�¨� ´£�²ª �ª£�� �.  

4.1.1 .��³ £«¡£� ¬¦«¨� ´��£¡£ 

¥ ¦³ ²� �§£²³¬¨± " ¦³ ��£¨ �ª±� �®�¨ §² ´¥£²�¦ �£�«¨ ²1:5,000)  ²�£�5 .( ¤´¡� ¦³ �£��¬

� ´�£�«� £ª±¦����¥£²� ,§£²¢¨ ´��¨¦ §£²�®« §£²¢¨ ©£� ¬ª , ´¬� �®£²¡ �£®²��®�¢ ¦¬ ��£¬¨� ����¬

���²�� .�ª�³�²� ´¦ ��,� ´£´³´� ¦¬ ²´�� �¡¦±³  �£� ´£²¢ª¨£�«' ´¦ �017 ') ´¦¬� ´¦ �

�¦ §££��¡£ §£ª££®�¨ ,�ª�³�²¦ �²���� �£® ¦¬ ­±³� §³� �£�²±� .( §£¢ª¨�²®¥ ´�£�°¨ �  ´¦ �¦ ­«�ª�

 ´�¦ � ­�¢�006� -015²�²� �ª£� £®²�£¢²¢«� ¤´¡� ©¨�±£¨³  , £¥ ¬£°¨ ¡¢³� £ª®� §£®�³¡¨� ©²�¬� ¤�

´�®�³¡� ´�¦ ��¨ ´�±£´¬ ©� .£¡£ ³�¦³¨ §£¡�¦£±¥ ´�²¥�¨ ©�� ¡¢³� £ª®� ´�®�³¡ ©ª£� �¦� ´��´´- 

 ��¦� ¬±²±�)��²´´  -´´ ±²®-§² ´¥£²� ²� �� ¬±²±� .( ´¥£²� ²� �� �®�³¡� ²´�£� �¨��±� ´¦ ��

�ª�´¡´ §£¨²¥ ´¦ � �£� §² .� ¡² ¨ ©�®°� �®�³¡ �  ´¦ ��¥£²�� �¥²��´ �£�� -Ar-Ar ¦-470 Ka 

)Feraud et al., 1983 .(� ¦¬£¦��¦® §£¦¥ �¦£¥¨� ¦�«��¦® ´�¥³ �£�°¨ �ª�´¡´ §£¨²¥ ´¦ £´ �£¦¬� §£

 �¦£�³ �ª�£¦¬ §£¨²¥ ´¦ � ´¡ª�¨ Ka3±223) Feraud et al., 1983; Goren-Inbar, 1985 .( §£¨²¥ ´¦ �

�´�£�«� ²��¨� ¡¢³ ¦¥ ´� �´«£¥ �ª�£¦¬)  ²�£�5( .²��¨� �²¬¨ §�²�� ,�ª�£¦¬ §£¨²¥ ´¦ � ¦¬,¨ £�° 

±« ¢�²¡§��� ´£²�,£²�®¬£ ´¦ � ¦³ ´�£ �²¢ª£� £�£ ¦¬ ²��¡� ) ²�£� 6( . §£±££�¥ �¬£®�¨ £²�®¬£ ´¦ �
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§££¥ª�� §££±®�� ,��¦� �£²�±«� ­��¦ �´°�®´� ´¦���¨ �£�� ´��´££´� �� �£°¢ª¨�« §£�²¨ §±¦¡³ 

)²�£� 5( .©�£  ©£¬ ´¦ � £¡�¦£± ¦³ ´£´¦ � �¨² �£�°¨ �£²�±«� ¢�²¡¦ �²¬¨¨,¨ ´�¥²�¨�  ¦³ �² ²®«¨

§£ª�³ §£¡�¦£± .��³� £«¡£¨ ²�²� �£¨´ �ª£� £®²�£¢²¢«� §¨�±£¨ . £¡�¦£± §£«¥¨ ²��¨¦ §�²�¨

�¦ §£²¡��¨ §�� �ª�£¦¬ §£¨²¥ ´¦ � ´� ©��£  ©£¬ ´¦ �,§£¡�¦£± ²®«¨� ²���¨� ²¡�¨ ¤� , ±¦¡³ ©¥´£ 

§£¨²¥ ´¦ �¦ §£¨��± ­� §�¨ . ��¬«¨ ¡��£±�3´�¦ � ��°¨ª  ,��²¢®� ´�¨��� ©£¬ ´�¦ �¦ ©�¦³ �£®²

©��£  , ´¦ � ¦¬¨� �£²�±«� ¦´ ´¡´  017 ) ²�£�9( .§££²¢ª¨£�«� §£¬¦«� , ¢�²¡� �ª�£¦¬ §£¨²¥ ´¦ �

£²�®¬£ ´¦ � ´� ¦¦�¥� �£²�±«�,� §£«�¥¨ £�-¨�´�§² ´¥£²� ­�¢� �, §£¢ª¨�²® ¦£¥¨� ¦¥ ¦³ 

´��£¡£�´�£ª±¦��� �²¥ ��³  . ´��¥³ ¦³ ´�¡´�®¨ £¢£²±¦± ¦�«��¦®£�£²�±«�  §£¬¦«¦ ­�¢� ©£� ´�£�°¨

�¨�´�� �£²�±«¦� §££²¢ª¨£�«� . ¬®�¨� ���� ²��¨¦ �²¬¨¨ ­�¢� ´� �«¥¨ ²¬« ´¦ � ¡�¦£±

� ²� �� ²´�£� ²£¬°� £ª±¦����¥£²�.  

  

²�£� 6 :§��� �£²�±«� ²��¡ £²�®¬£ ´¦ � ¦³ ±££� , ²��¨� �²¬¨ §�²�

)271566-792953.(  
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4.1.2 .´´-§² ´¥£²� ²� �� ¬±²±�  

 §² ´¥£²� ´�£�«�) «�£�²�1,500§£²¢¨  (§£¡��£± ²³¬ �¡� �¡�±ª ,�´ £�£ ¦¬ �¡�±ª �³³" ²±¡¨¦ ¦

 ´£®°´�)P-8, P-7, P-6, P-5, P-4, P-1 ( £�£ ¦¬ �³£¨¡�'´�²�±¨' : §² ´¥£²�-2 ,�-3 ��¬«¨ £¡��£±� 1-3 

) §£²�£�7 ,8.( 

  

 ²�£� 7 : §££��¨¬� §£¥´¡� §�±£¨ ´®¨)±�²£ ( §£¡��£±� £²´�)���° ( ²�£� ¦³ ±¨�¬� ¤´¡ �±�9) §���.(  

  

 ´��¨���¨ §£®±³ �±��ª� �ª¥��� §£¡��£±� ´�¡�� ����¬� �²±«ª ´£¡¥�ª� ����¬� ´²�«¨�cuttings 

§² ´¥£²� £¡��£±¨ -2 ,��¬«¨-2��¬«¨� -3)  §£²�£�7 ,8 ,9 .(��� ´���³�� �¦¬³ £³�± ��� §£��¦�� ´�¡

��� �¦³ ²��´¦ �£��¦�´£¦� ©£� �¨�´� ²«�¡"¡ . ¡�ª£¨� ³�¨£³� £�¢£� £�£¦ �� �¨�´�� ²«�¡'­�¢ '

�²£®� §£¬¦«� ¦¦¥ ²��¬£¢«�¦± ¤´¡� §£)£¦£®¦-­�¢ ,�£²�±«� ­�¢ .(±� ­�¢ ©�³ ´��¥³ £¥ ©¥´£ ©¥ �¨¥ ,

�²���� ,©�£¨�� ¦³� ,´�£«²¡¥ . ²�£�8® ¦¬ §£¡��£±� ´� �£°¨  §²��£« £®¦� ´�¡��� £��¦�´£¦� §²��£´ £

¡² ¨ ©�®°¦ �²¬¨ §�²�¨ .�´�¡��� �¨�´�� ²«�¡ ¦³ ,�²£®� §£¬¦«� ¦¦¥ ©�¥ §£�°�¨£¢«�¦± §£

�²®¢¥.  
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²�£� 8 :§£¡��£±� ´�¡��� ²��´¨� £® ¦¬ §² ´¥£²� ´�£�«� §£¡��£±� ¦³ £��¦�´£¦ ²��´ .§£¥´¡�°² ¤²��¦ §£«�²®  �¬�

§£¡��£±� ¦¥ ¤²� ¡² ¨ ©�®°¦ �²¬¨ §�²�¨ ´²��¬� .�²£®� ´��¥³�£¢«�¦± ´�´��°�¨�²®¢¥  .¤´¡� ¦¬ ,´�ª¨�«¨ ,©²´�� ,

 ´�¦ �017©�£  ©£¬�  ,¨ �ª¥��³ §£®±³� �²����³£ª£¬¦� §² ´¥£²� §£¡��£±� 2 ��¬«¨� 3 .  

 ¡��£±´¥£²� §² 3 ,¥-1500¨  '�¥£²��  ¥²¨¦ ¡² ¨ ©�®°¨ , ²�¡215²¢¨ ´£²¢ª¨£�« ´£´³´ ¦³  .

 §£¡��£±P7� ´¥£²� §² 2 ,¥ §£¨±�¨¨�-1000¨  '¦ �ª�®°�  ¥²¨�¥£²�§�²�� -¦ ´£�²¬¨´¥£²� §² 3 ,

) ²�£�7 ( ¦³ ±¨�¬� ´£²¢ª¨£�«� ´£´³´� �� ¦� �¬£��49� -65�¨�´�� ²¢¨  , £´¦ � ¤´¡ �²�¡³ £²¡�

´�£«²¡� �«�¥¨� .� ¦� §£��²±� §£¡��£±��¥£²�) ´�¡®¨  -1000¨ '� ¥²¨¨  ( ¡² ¨ ©�®°¨)P4, P5( ,

 �²¬¨ ©�®°¨)P6 ( �²¬¨ §�²�¨�)P1 ��¬«¨� 2 (�²£® ¤´¡� §£ª££®�´¨£¢«�¦± £��¬�  �ª´³¨)12 �¬ 53 

¨'(,´¦ � £¡�¦£± §¬ ¬�°�´¨ �� �«¥¨�  .�¥£²�¦ §£��²±� §£¡��£±� ©£� �£²¡���  ¡��£± 6P  ©�®°� 

�¥£²�� �²¬¨ ,²��¡³ ´£«¡£ ±� £´¦ � ¤´¡ )¨ £��¬� ¦³ ²�¢°14¨ '��¦� (. ¡��£±�  ¡ � ´£´³´� ¦� ²�

 ´£«¡£ ���² ±¨�¬� ´£²¢ª¨£�«�)98¨ '.(  ´£«¡£ §£±�¨¬ §£¡��£± £ª³) ��¬«¨3 - 258� ²¢¨  -P8  - 186 

²¢¨ ( ²��¨� ¤�´� §£¨±�¨¨�) ²�£�7( ,�ª�³ ¤´¡ §£�£°¨ . ��¬«¨ ¡��£±³ ��¬�3 ´¦ � £®�¦£¡ ²��¡ 

£�«� ´£´³´� ¦� �¬£�� �¬ ´£«²¡� ±¨�¬� ´£²¢ª¨200²¢¨  , ¡��£±8P²��¨�  ¥²¨� £�°¨�  , ²��¡88 
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 ©´¡´¨³ ´�£¨�� ´�£«²¡ ¦³ ²¢¨58�²£® ²¨�¡ ¦³ ²¢¨ £¢«�¦±�¨²¢�£�� ¢�²¡ ´� �¦¨¨�  . ¡��£±

P8 , ¦³ ±¨�¬ ¦� ¬£�¨186�²£®� ²¨�¡� ´¡´ ´¦ � ²��¡ ���³¥ ²¢¨ £¢«�¦± , ¦� ¬£�¨ �ª£� £¥ ¬°�¨�

³¨ ´£²¢ª¨£�«� ´£´³´��³ §�²��¨� ¦³ �¨²¢�£�� ²��¡ ��.  

 ²�£�� §£��¦� £ª�´ª £® ¦¬8 ,§£®±³� ¡�´£ª , ��³� £ª�´ª�) ²�£�5 ( ¡² ¨ ©�®° £¦¦¥ ©��£¥� ¤´¡ ²£�°– 

�²¬¨ §�²� ,� ¤²��¥£²�)  ²�£�9 .( ¦¦�¥ ²�£���£²�±«¦ ­�¢ ©£� �ª¡��, ¦¬ ´««��¨� ¡�´£ª £ª�´ª ¦³ 

��³� .��� ´¬£�± �� ³£� �¨²¢�£� �£°¨ ²�£��£�� ¦� £²¬ ¨� ±¨�¬¦ ¦´ ¦³ §££²³®�� ²´�£� ��¡²� 

�¨²¢�£�� ¢�²¡ .��¦� ´�¦��� §� �¦¦� §£�¨£¨�, �ª£� ¤´¡�³ §�³¨  ²��¬ ¦³ � ¥²¨� ¡²¥��

�¨²¢�£�� .� ²� �� ¬±³ ´��°¨�� ´£²¢ª¨£�«� ´£´³´� §��± ¢£¦�´ ¦¬ �£¬¨ ¤´¡��¥£²� . ¬±³�

� ²� ���¥£²�¥� ¤�¨ª -200�®¬£ ´¬±�¦ ´£«¡£ ²¢¨  �²¬®ª §¥²�³ ´�¦ �� £¡�¦£±� �¦¨´� ���� £²

�¨²¢�£��.  

 ´¦ �017���� ´�¡£¥³� §� ��°¨ª� ­�¢� §£¢ª¨�²®¨ §£®±³� �²���� )  ¦³ �£¨£¥�� �£��¦�²¢®� ��²

§² ´¥£²� ²� �� ´�¦ �� ,¤³¨��( ,�¨²¢�£�� ¦¦¡ ¦³ £´�¬¨³¨ �£¥²¨ �´££� £¥ �¬£°¨� ´£®°´ . ´¦ �

 � )017 ( §£¡��£±� §� �´�� ' §² ´¥£²�2 ' §£±¨�¬�22 �¬ 47� ²¢¨ ' ��¬«¨3 ' §£±¨�¬�73 �¬ 88 ²¢¨ 

) §£²�£�8 ,9 .(��£¥¨© ´¦ � «£«� §�� �� §�³ 017 , §² ´¥£²� ¡��£±� ²´�£ §£���� ¡²¥��2 ��¬«¨¦ «¡£� 

3 ,�� ´�£�� ´¦ �� ¦³ ©�´¡´� ¡�¦£±� «£«��  §² ´¥£²� ¡��£±� ´£²¢ª¨£�«� ´£´³´� ¦¬ ¡ª�¨ 2 , ©´£ª

¨�¦², ´¦ � ¡�¦£± £¥ 017´£²¢ª¨£�«� ´£´³´� ¦³ £®²��®�¢� ¬±³�¨ ±¦¡ ´�¡®¦ �¦£¨³ ��� , £¥� 

� ¡�¦£±�¦ ¡² ¨ ©�®°¨ ¤²¬� §² �²¬¨ §�² ,§��±� ±¨¬� �²�¨�� ¤²�.  

  

   

²�£� 9 : ¡² ¨ ©�®° ©��£¥� ¤´¡–�²¬¨ §�²�  , �¥£²�� ¤²�)itm 222380/294440 – 221500/292246 .( ©£� §££±®��� §£±¡²¨�

 §££ª�£°²�®�²® §£¡��£±�¤´¡� ²�³£¨ ¦¬ £¥ª� ¦¢£�¦.  

 ʧʸʦʮ ʯʥʴʶ
272380/794440 

ʡʸʲʮ ʭʥʸʣ  
271500/792246 
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4.2 .� ¦³ �£¨£¥�� �£��¦�²¢®�§² ´¥£²� ²� �� ´�¦ � 

4.2.1 .�£®²��²¢® 

´�ª�³ ´�¦ �¨ §££´¦ � §£¢ª¨�²® ��� ­�¢� £²±£¬� �£¥²¨� . §£¢ª¨�²®¦ ²�±¨� £¬¦« ´� ´�� ¦ £�¥�

�¦�, �£®²��²¢®� ��¨¦ª �¥£²�� ´�£�«� ´�®�³¡� ´�¦ �� ¦³ �£¨£¥��, �§£¡��£±� �²�¡ª³ �¦� §�  .

 �ª�¨³¦ �¥£�³� �±¦�¡ §£¢ª¨�²®� ´¦ � ´��¨���§£¢²®,�£ª££®�¨ £®¦ §§££®²�£¢²¢«�� §££®²��²¢®�  .

©�¦³ �£¨£¥� £® ¦¬ ´�¦ �� ©£� ²�²� ©®��� �£²®�¦ ©´£ª �¦) ¤³¨�� ��²( , §¦���£®²��²¢®�²³®�¨  ´

��²®� �¦ �¦ ­�¢� §£¢ª¨�²®� ¦³ ¤�£³�´�ª�³� ´)  ¡®«ª ��²1 ,§² ´¥£²� ´�¦ � ¦³ £®²��²¢® ²��´( .

§£¢«£²±�ª®� ¦³ �²�¢«±¢�� �¦�¥´� ²±£¬� §£�¢�´¨ §£¦���� ,¦ ± ¡ £®²��²¢® £¦¥ §£���¨�©�£®£� 

§£®±³� ´�¦ �� £��£ � . �±��ª �ª¡��¦ §£¦�±£³� ©£�±¦¡� §£¢«£²±�ª®� ¦³ £«¡£� ±£²¢¨� ¦�¨« ,

§£¢«£²±�ª®� §£ª�³ §£¦²ª£¨ ¦³ £«¡£� ±¦¡� , ²�´¨§£³£��� ,§²� £® «±£²¢¨� ) �� §£����¥

§£¢�²��¥ (� §��´ ´�¡¥�ª)�§£ª«±�²£®  .( ±¦¡�³ ²¡�¨ �²���¦ §£¦£¬£ ´�¡® «±£²¢¨� £³£��

´�²�¢«±¢� §£�¥²� ¦³ �¡² ©���¨ �°¨ª ´��£¡£�¨ .  

´�¦ �� ¦¥ , ´¦ � ¢¬¨¦015, ²�¢«±¢� ´�ª££®��¨� ´£²£®²�® . ��� §£¢«£²±�ª®� ¦³ £ª££®��� §¦���

0.5-1¨ "¨ ,¨ ²´�£¦ §£¬£�¨ §� §£´£¬¦ ¤�-2¨ " ¨) �¦�¢1 .(§£´£¬¦ , §£¢«£²±�ª®�²±£¨ §� §£¨££±

 ¦³ £ª££®�� ¦����0.05 �¬ 0.4¨ "¨ .§£¢«£²±�ª®� ­«�¨§£¢«£²±�ª®�²±£¨�� ©£�£¦�� ¦¦�¥  ,

�ª£¦±� ©«±�²£®¦²ª£¨� «±£²¢¨ ¤�´� ²°� ££ª�ª£� �¬ ±, � £�£ ¦¬ ��²¦ ¢¦³ª©£¦®ª�  ¦±�£�¦®§� �³�ª�  

©£�£¦�� ,� ©«±�²£®¦²ª£¨²°� £ . ´�¦���� ´�¨ £²®� ²³�¥ §£³£��� ¦��� §¬ §£ª´³¨ ²®«�¦®� £�¥²�

 £¢£²��²�¦ £ ¦±�£�¦® �¥²� ¡£¥³(An 50-67) ´�¨ £²®�� £�� ²¨�¡�³ª ¡£¥³ £²¦�ª²�²¢ £¦±¦�²®«�¦® 

©£¦®ª�) ©££¢³ª£�, 1992.(  

©£¬� ²¬« ´�¦ � - ©�£ ) ¡®«ª1 (¦³ §£¢«£²±�ª® ´�¡¥�ª� � ¦ �  ´�¨��� �¥£²�¦ ´£�²¬¨ ´�®�³¡ 

  ¦±�£�¦® ¦³ ´�¦��� ´�¨ £²® ¦£¥¨� «±£²¢¨�� §��´¨ ©«±�²£®�ª£¦±) �¬0.75¨ "¨ .( ©�£ª£� ´�¦��ª ©�

²¬« ´¦ � ¦³ §£¢«£²±�ª®� ©£�£¦��� ¦³ ´�£¢ªª£¨���� ´�¡¥�ª� . £²�®¬£ ´¦ �)«ª ¡®1( , §¬ ´¬�°�´¨�

§�²�� ��£°� �£²�±«�- �¥£²�� ¦³ £�²¬¨) ²�£�5( ,©£�£¦�� ¦³ §£¢«£²±�ª® ´¢£¦³� ´ª££®�´¨, 

���� ²¢¨£¦£¨ �¬� ²¢¨£¦£¨� ´£²£³¬¨ �¦��� §£¦�� ´«�²®´� §£¬£®�¨� ,�¥²�� ´²¥£ª ´�ª�³ ��²¨� 

�� «±£²¢¨� ´²�¢«±¢)�ª´³¨ ´�¨¥� ´�¦�±£ �� ²®«�¦® ´�¨ £²® .(  ´¦ � §£¡�¦£±¨ ´�¥²�¨ �

�£²�±«� §£�¦�³¨� §£ª�³ §£²�¡¨� . ©£�£¦�� ¦³ §£¢«£²±�ª®� ´££«�¦¥��§£¨²¥ ´¦ ��ª�£¦¬  ) ¡®«ª

1( ,�ª£�£� -£¦��¨�£�� ´ ¨ ´�¥²�¨¦³ ¦���� §£¢«£²±�ª® 0.75-2.25 ¨" ¨�¨¦��� §£¢«£²±�ª®�²±£¨§£ 

¦³ 0.05 �¬ 0.4¨ "¨. ´¦ � ´ª££®��¨ ©¥ �¨¥  � �£¦�ª«± ´�¡¥�ª�ª®� §£´¦��£®¨� ¦³ §£¢«£²± .� ´¦ ��  

 ©¦��� ´¨²� ��£¡£�� ¦��£®¨� £³£�� �¦£¥¨) §£¢²®¦ §£®«�ª¦��£®¨� ±²® ��²§² ´¥£²�� (. ´¦ � 

 §£¨²¥ �ª�´¡´) ¡®«ª1(£´£¦��¦®� ²´�� ²� �� �¥£²�� �²¬¨ ©�®°� ´®³¡ª  )Goren-Inbar, 1985 (

� ´ª££®��¨´�¡¥�ª�   ¦±�£�¦® ´�¨ £²® ´�¦���)�¬ 1.25¨ "¨( ©£�£¦�� ¦³ §£�² §£¢«£²±�ª®� . ´¦ �006 

) ¡®«ª1 (� ´¦ 006 ) ¡®«ª1 (­�¢� §£¢ª¨�²®� �£�°¨� ,´�¡¥�ª� ´ª££®�´¨¦³ §£¢�²�� ¦³ §£¢«£²±�ª®  

�ª£¦± §£ª«±�²£®� §��£´ ´�¬®�´ §¬«±£²¢¨£ª�ª£�  ²«¡ ´�¨ £²®, ©«±�²£® ¦£¥¨� ,¦²ª£¨� ©£�£¦��£ ²°� 

§£�² .� ´²¥£ª �  ´¦ � �ª�³� £¨£¥� ��¥²�� § ¢¬¨´�¦ �� ²�³¨ . §¬ ´�¡® ´¡´�®¨ �£�Mg#=0.59 

££ª¬� ´£«¡£ ���� ¤²¬ ���³�§² ´¥£²�� ´�²¡�� ´�¦ �¦ «¡£� �±£¦£«� ) ¤³¨�� ��².(  ´¦ �015 

) ¡®«ª1( ´ª££®�´¨� ­�¢� §£¢ª¨�²®� �¬£®�¨ ²�¬��§£¢«£²±�ª®  . ´�¨ £²® ´�²¥£ª �  ´¦ ��²®«�¦® 

 ´��²�²�¢«±¢�´£¥²¢ �£¢´ . ´¦ �017 ) ¡®«ª1 (£�£ ¦¬ ´¢¦³ª©«±�²£®�ª£¦± ¦³ §£¢«£²±�ª®  ©£�£¦��� 

©«±�²£®� £³£�� ¦³ �²�¢«±¢� ´�²¡�� ©¨ ´¦��ª� ,§� §£®¦¡�¨� §�£¦�³� ³£��� ©£¬¦�� §�� . �®¦¡�
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£� � �ª�ª£� £� ´£�£¢± §² ´¥£²� ²� �� ±² �£�°¨�  ´¦ �� . ´¦ �017���� ¡¢³� £ª®� �®�³¡ �ª£�  ´��¨

§£¡��£± £ª£¬¦�� ��°¨ª �ª¨¨,­�¢� §£¢ª¨�²®�  ¤�´� §£¦¥�¨� §£���² §£´£¦�ª«±��  §£¨²¥ ´¦ �

�ª�£¦¬.  

  

�¦�¢ 1 :§�¥£« §² ´¥£²� ´�£�«� ´�¦ �� ¦³ §£¢¦��� §££®²��²¢®� §£ª££®�¨�  

 ´¦ � ��« /

§£ª££®�¨  

% §£¢«£²±�ª® 

¬¦«� §£¢¦�³  

«±£²¢¨  ´�²¬�   ²�±¨´��¨����  

²¬«  ©£�£¦��-13%  

©«±�²£®�ª£¦±– 7%  

 ´�¨ £²® §¬ £ª�ª£�

¦® ¦±�£�  

 £¡�¦£±¦ ´£��¦�®²�¨ �¨��

©�£  ©£¬ . �²�¢«±¢

´£¢£¥²¢  

¬¦« £®�³¡¨  

©�£  ©£¬  ©«±�²£®�ª£¦±– 5%  

)§£¢�²��� §�(  

  

 ´�¨ £²® §¬ £ª�ª£�

¦® ¦±�£�  

 §£¡�¦£± ©���¨ §££±

©£¢�¦¡¦ §£�  §ª£�³ .

´£¢£¥²¢ �²�¢«±¢  

¨ £ª£¬¦�� ¬¦« £®�³¡

§£¡��£±  

£²�®¬£   ©£�£¦��– 13%  

©«±�²£®�ª£¦±– 2%  

  

 ©���¨– ©£� �ª´³¨ 

´��¨����  

 ¦³ §� §£®�³¡¨�

 §£²�¡¨� �£��¦�®²�¨ £¦¬

�ª´³¨  

 ¬¦« £®�³¡¨

­�¢� §£¢ª¨�²®�  

 §£¨²¥

�ª�£¦¬  

£� ©£�£¦��-£¦��¨  

�ª®�²±£¨  '– 11%  

 §£¢«£²±�ª® – 6%  

���¨ ±� , ¦£¥¨

²°�,® ²®«�¦ 

�¨¦²ª£§££®�¨ §£  

¦£¥¨§£´£¦�ª«±  

�¦��£®¨� ¦³ §£¢«£²±�ª®  

 ¬¦« £®�³¡¨

­�¢� §£¢ª¨�²®�  

 §£¨²¥

�ª�´¡´  

 ©£�£¦��– 16%  

©«±�²£®�ª£¦±– 6%  

  ¦±�£�¦®– 6%  

£ª�ª£�  

 ²°�  ¦±�£�¦®

©£�£¦��� ©«±�²£®  

  ¦±�£�¦®� ´�¨ £²®

²¥£� ©¨« ´���¨ ´�¦��� 

´£¢£¥²¢ �²�¢«±¢  

 ¬¦« £®�³¡¨

­�¢� §£¢ª¨�²®�  

006  ©«±�²£®�ª£¦±–11%  

 ©£�£¦��– 10%  

£ª�ª£� , �¦�¥´

²°� ¦³ �����  

 §��´ ²¥£ª §£ª«±�²£®�

§£¬�° ¦¦³�  

­�¢� §£¢ª¨�²®  

015  §£¢«£²±�ª® ´²«¡  

  

  

£ª�ª£� , ¦£¥¨

²®«�¦® ,²°� ,

©£�£¦��� ©«±�²£®  

¦® ´�¨ £²®²®«� 

�´£¢£¥²¢ �²�¢«±¢   

­�¢� §£¢ª¨�²®  

017   ©«±�²£®�ª£¦±– 9%  

 ©£�£¦��– 9%  

  

²®«�¦® §¬ £ª�ª£� ,

²°� , ©£�£¦��

©«±�²£®�  

 §£®¦¡�¨ §£¢«£²±�ª®�

���¨  

­�¢� §£¢ª¨�²® ,

§£¡��£± £ª£¬¦�  
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4.2.2 .´�¦ �� ¦³ �£¨£¥ 

©¦��� ©�®°¨ ´�¦ �� ��² ¦³ � ¦ �¨��� £¢£ª«� �¥²� §² ´¥£²� ¦³ ´�¦ �� ¦¥¦ , §² ´¥£²�¨ ´�¦ �� ¤�

�±£¦£«� ²´�£ ´�£ª¬ , ´�¡®¦±¦�£ ´�) ²�£�10(¦�¬² £ ±¨¬¨ §££ª±�£¨ §£¢£ª«�¦ ²´�£ ´�¨���  

)Weinstein et al., 2006( .§² ´¥£²� ¦³ ´�¦ �� ©£� , ´¦ �006££ª¬� �ª£� ��±£¦£«� ²´�£�  . �¦£¥¨ �£�

41.5%�±£¦£«  ,§��ª³ ²´�£� ¤�¨ª�  �¥£²�� ©¦��� ´¨²� �¥ �¬  ���� �¦³ §�£ ª�¨� ²®«¨)0.59(. ´¦ � 

£ �¥£²� ´¢¦�� ©�£  ©£¬���� §�£ª£¨�¦�  , ²®«¨�� ¤�¨ª §�£ ª�¨� �¦³ ¤�¨ª� §�£ ª�¨) ¡®«ª2 ²�£�� 11.(  

BR_006

BR -ʯʥʩʬʲ ʭʩʮʸʫ

BR -ʸʲʱ

BR -ʯʥʩʦ -ʯʩʲ

BR -ʯʥʺʧʺ ʩʸʥʴʲʩ
BR -ʯʥʩʬʲ ʩʸʥʴʲʩ

Wy-285
Mt. Ram

Wy-50
Mt. Bental Wy-25

En Zivan

BR-017

Wy-16
 Mt. Avital

Wy-18
Mt. Avital

Wy-20, Mt. Bental

Wy-58
Mt. Odem

3

3.5

4

4.5

5

5.5

6

6.5

7

41 42 43 44 45 46 47

SiO2 wt%

N
a2

O
 +

 K
2O

 %
w

t Basanite

Alkali-Basalt

Hawaiite

  

²�£� 10 :¨�²��£�´ Total alkalis – Silica) TAS  ( §² ´¥£²�¨ ´¦ � ´��¨��� ¦³)BR ( ´��¨��� £�¥²� §¬ ����³��

 ©¦��� ´¨² ©�®°¨ ´�²¡�)´�±�²£ ,Weinstein, 1998 .(�´ª´�¦¨²�ª¨ §² ´¥£²� ¦³ ´�¦ �� £ª¦ -100% �¦¦ LOI.  

  

BR_006

BR-ʯʥʩʬʲ ʭʩʮʸʫ

BR-ʯʥʩʦ-ʯʩʲ

BR-017

BR-ʸʲʱ

BR-ʯʥʺʧʺ ʩʸʥʴʲʩ

BR-ʯʥʩʬʲ ʩʸʥʴʲʩ

Wy-285
Mt. Ram

Wy-50
Mt. Bental

Wy-25
En Zivan

Wy-16
Mt. Avital

Wy-18
Mt. Avital

Wy-20
Mt. Bental

Wy-58
Mt. Odem

0.44

0.46

0.48

0.50

0.52

0.54

0.56

0.58

0.60

0.62

0.64

41 42 43 44 45 46 47
SiO2 wt%

M
g#

  

²�£� 11 : §�£ ª�¨� ²®«¨)��� ¦ ²��-¦ ²�� ¦¦¥¨ ´�£¦±³¨ ´�£²£³¬ ¬³´¥ �³�¡ £¥²¬ ( ´¦ � ´��¨���� �±£¦£« ¦�¨

 ©¦��� ´¨² ©�®°¨� §² ´¥£²�¨)´�±�²£ ,Weinstein, 1998 .(ª¨ §² ´¥£²� ¦³ ´�¦ �� £ª�´ª´�¦¨²�¦ -100% �¦¦ LOI.  
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4.2.3 . £�¥²�¦²ª£¨§£ 

´�£®²��²¢®� ´�ª±«¨� ´�¨£�� ¤²�° �¦¬ ´�¦ �� ��¨£¦ ´²�«¨�. ´� £¦ª� ²®«¨ �¥²¬ª ¤¥ §³¦ 

�²¢±¦���²±£¨ ©��²® .´£®²��²¢® ��� ³ §£³£��¦ ©��²� �¥²¬ª �¦� ´� £¦ª�, �±�¦¡� ´� ����¦ �²¢¨� 

£¢ª¨�²® ¦³ §¥�£³ ´� ±���¦� ´£��¦²ª£¨�¦ §£ª�³ §£¢²®ª�³� ´¦ �� §£ .�²¢±¦�� ´� £¦ª�� £ª�´ª ©

�²±£¨� ´���� ¬�£¨ �®£«��� ´�£®²��²¢®� ´�¬£�±� ´� �³³£� ��²®¦²ª£¨�±��ª³ ´�¦ ��� §£.  

 §£²�£��12 ,13� -14,��  ¡®«ª3 ´�¦ �¨ §£¢«£²±�ª®� §£ª«±�²£® £�¥²� §£�°�¨ 006 ,017 §£´£¦�ª«±�� 

§££´®¢¬¨, ´¥£²� ­�¢� ��°¨ª³ §² .§£�£«®��£� §ª£� §£ª«±�²£®� ¦¥)  ²�£�12( , ©££®�¦ ©´£ª §¦��

 ©�¥²� £® ¦¬ ´�¨££�«¨ ´�°��±)²�£� §£13, 14 .( ´£«¡£ ¤�¨ª §�£ ª�¨ ²®«¨ §£´£¦�ª«±�³ §£ª«±�²£®¦

§£¥²¬ £¨�¡´ £ª³� §£¦®�ª §�� §£¢«£²±�ª®�³ � ¦: � ¦³ §£¥²¬� ��� �¡�0.70-0.74, ¡��¢� §££�°¨� 

£²±�ª®� £¥²¬ ´�¦ ��³ §£¢«)0.69-0.82 ( £ª³�� -  §£¢«£²±�ª®�³ �¦�¨ §£¥�¨ª §£¥²¬ §¬)0.65-0.60 (

) ²�£�13 .(§£´£¦�ª«±�³ §£ª«±�²£®� ��²� ©²´ª� £ �¥£²) �� �£¥²¨'¢£��(£® §£���� -3.5 �¦�¨ ¬°�¨¨� 

§£¢«£²±�ª®�³ , ©²´ª�  �¥£²�� §�£ ª�¨� ²®«¨� �¨��� ´£¦�ª«±� ���� ³£�� §� �°¨ª §¦��

®¦£²±�ª ´�¦ ��³ §££ª«±�²£®� §£¢«) ²�£�13 .(�£ª£¨�¦� ©£� ��¢ £��£¡ §�´¨ §£�²¨ §£¢«£²±�ª®�§ 

´²¡�� ©¨ �ª�³ §£¥²¬ ¡��¢� ´ª££®�´¨ ´¦ � ¦¥� §�£ª¢£¢� . ´¦ �006 ¦³ §�£ª¢£¢ £¥²¬ ��²¨ 0.21-

0.42 ¦³ §�ª£¨�¦� £¥²¬� 1.05-1.9¡«�ª ´�£¡£¦ � ,§£ª°¨¡ �³£³ ²��¬ , ´¦ � ��¬�017¨  £¥²¬ ��²

 ¦³ §�£ª¢£¢0.07-0.12 ¦³ §�£ª£¨�¦� £¥²¬� 0.55-0.88�¡«�ª ´�£¡£¦   , §£ª°¨¡ �³£³ ²��¬) ²�£�14 .(

�£ª£¨�¦�� §£´£¦�ª«±�§�¨�� §�£ª¢£¢ ´¦�¥´ §¬ ´�¦ �� ²³�¨ ����  . £ �¥£² §¬ �®£ �¦�¬ �  �¨�¨

�� �°±� �£¥²¨ ¦³ ²´�£ ����� ´�¡¥�ª ¦¬ ´��£¬¨� §£����� ©²´ª�'£¢£�� (NaAlSi2O6)§£´£¦�ª«±� .  

0 0.2 0.4 0.6 0.8 1 1.2

Basalt-006

Basalt-017

Xenoliths

CaSiO3

MgSiO3 FeSiO3

Diopside Hedenbergite

Augite

Pigeonite

Clinoenstatite Clinoferrosilite

 

²�£� 12 : ´�¦ �¨ ©«±�²£®�ª£¦± £³£��006 ,017§£ª«±�²£® ¦³ �²��� ³¦�³¨ ¦¬ §£´£¦�ª«±¨�  . §�¡´� ´�¦®�ª ´��¨����

 �£«®��£��)Di0.61 -Di0.80.(  
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0.00
0.10
0.20
0.30
0.40
0.50
0.60
0.70
0.80

0.55 0.60 0.65 0.70 0.75 0.80 0.85

Mg / (Mg+Fe)

N
a 

(p
er

 6
 O

)

Basalt 006 Basalt 017 Xenoliths
  

²�£� 13 : §�£ ª�¨� ²®«¨)¥ ¦ ²�� ¦¥-Fe2+ (²£®� ´�¦ �¨ §£ª«±�006 , 017­�¢� §£´£¦�ª«±�  ,£²¢¨�£¥�¢«� ¤²¬� ¦�¨  

¡«�ª ´�£¡£� ©²´ª� ¦³ �.  

 

y = 3.3825x + 0.4361
R2 = 0.9174

0.40
0.60
0.80
1.00
1.20
1.40
1.60
1.80
2.00

0.00 0.10 0.20 0.30 0.40 0.50
Ti (per 6 O)

A
l (

pe
r 

6 
O

)

Basalt 006 Basalt 017 Xenoliths
  

²�£� 14 :�£ª£¨�¦� ´���«£� ¦³ £²¢¨�£¥�¢« «¡£§ ´�¦ �¨ ©«±�²£®�ª£¦± ´��¨���� §�£ª¢£¢� 006 ,017 §£´£¦�ª«±¨� 

§² ´¥£²�¨ .�¨ §£´£¦�ª«±�� ´¦ �� £��« £ª³ §£¢«£²±�ª®�³¥ £¨£¥� §�¥²�� §£¦��ª� §£ª�³ §£®«�¨ �³�¦³¥ §£¬£®

 �¨�¨ �±¦ §£¨£�´¨ ´�¦ �� ¦³)R2 = 0.92 (�¨�� §�£ª¢£¢ ´¦�¥´ £¦¬� §£´£¦�ª«± ¦³ �¦�¨ §£¥�¨ª §�ª£¨�¦� £ �¥£² ¦¬�.  

  

 ²�£�� §£�°�¨ ´�¦ � ³¦³¨ §£ª£�£¦�� £�¥²�15��  ¡®«ª4 .�� §££ª£�£¦��� §£¢«£²±�ª®� £�¥²� ´�¦ 

 ¦³ ¡��¢ §£�²¨Fo67-85  §¬´�ª�³� ´�¦ �� ©£� �®£®¡ . ¡�¦£±� §£¢«£²±�ª® ´¦ ��£¦¬ §£¨²¥�ª 

 �¥²� §£�²¨�¨�� ´¦ �� �´��¨ ¦��£®¨��³ ©£�£¦��� ´�£ �¦±ª£� ²³�¨ ²´�£ £�£¢£¨£²® �� )81-82Fo 
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�-Fo70-82 ,�¨�´��( ,� ¤�£²±�ª®�²±£¨� ¦¥ ´� §£«¥¨ ´¦ � �´��� ©£�£¦�� ¦³ §£¢« ­�� ¡��¢

  §££ ª�¨ ²´�£ §£�¥²� §£�²¨)Fo70-82 .( §£¨²¥ ´¦ �� §£¦��£®¨��³ ´�²³®�� ´¥¨�´ �  ´£®°´

 �´��¨ �³��´� �ª�£¦¬¨��¨§£¢«£²±�ª«± §ª£�� � . ©£�£¦��� ´�£ �¦±ª£� ¦³ ´£«¡£ ¡´�®¨� �¥²��

¨©£�£¦��� ²¡�¦ ³��´�¦ �¦¡� §£¦��£®¨�� £¥ �¨¦ . ´¦ � ¦³ �²±¨�017 ,�£ �¦±ª£�¦ ©£�£¦��� ´

 �  ´¦ �� ©£�£¦�� ¦³ §£¢«£²±�ª®� ¦³ §£�¥²�� ¡��¢¨ ´²¥£ª �²�°� ¤�¨ª ¢£²¢«²�® ²®«¨ §£ª«±�²£®�

 �£´�ª¥³� ��)Fo58-60� -Fo67-85 ,�¨�´�� ( ���²¬ ¦³ �£²�¢«£� ¦¬ �£¬�¦ �£�³¬� ����¬¨��¨ ´�

�  ´¦ ��.  

55-60 60-65 65-70 70-75 75-80 80-85

017 Olivine Inclusion in CPX
Kramim Basalt Microphanocrists

017 Basalt Phenocryst
Kramim Olivine Inclusion in Amph

006 Basalt Phenocrist
Kramim Basalt Phenocryst

0

1

2

3

4

5

6

Foresterite ratio

N
um

be
r o

f 
an

al
ys

es

017 Olivine Inclusion in CPX

Kramim Basalt Microphanocrists

017 Basalt Phenocryst

Kramim Olivine Inclusion in Amph

006 Basalt Phenocrist

Kramim Basalt Phenocryst

 

²�£� 15 :�� £³£��� ¢£²¢«²�® £¥²¬§² ´¥£²�¨ ©£�£¦.  
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4.3 .§² ´¥£²� ­�¢  

 ´�£´¨�¨�¢�£²®� ´�£�°²®´�� ²°�ª³ £¢«¦±�²£® ¬¦« ��� ­�¢� ��£�«� £¬¦« ¦³ §£¢ª¨�²®¨ �¥²�¨

¯�°£®� ´� ²°£³ £¦£ª��£� ²¨�¡� ´®«�´� . §² ´¥£²� ­�¢£®�´¨©£�ª´³¨ £��¬� ��¥£³�  �£¬¦´ ¦£¥¨ §£

 ´�£²¢ª¨£�« ´�²�¢±�²¢«)²�£� 16(.  

  

²�£� 16 : £�£ ¦¬ ���²� ´�ª£®�¨� ´�£²¢ª¨£�« ´�²�¢±�²¢«base surge§² ´¥£²� ­�¢�  . ©£¨£– ´�£¦�� £��¬ ££�ª£³ )H3-

39( ,¦�¨³- �¦�° ��¥£³ )H3-23.(  

 

4.3.1 .§£¥´¡� �£®²�£¢²¢« 

¨� £��¬�£ ­�¢� ¤´¡ ¦³ £�²)46²¢¨  ( ¨ §�²�� ��¨ª� ¡²�¥£²� , §£¥´¡ �³¦³ ¦³ ��¦£³¨ �¥²�¨ ����

 §£ª�¥¨� H4 ,H3�-5H) ©¦�¦:' £²±£¬� ¤´¡� ,' §£²�£�7 ,17 ,18 .( ��¨ª³ �£¡£� ¤´¡� ��� £²±£¬� ¤´¡�

²��¨� ¦³ §££¨£ª®� �£´�ª�²�¨� , §£®«�ª� §£¥´¡� ¦¥ ��¬�� �³¬ª �£´�ª�²�¨ ¦¬ ´�£�°¨� ­�¢ ´��¥³

§££ª�°£¡�.  

 ¤´¡H8 ,¦ §�²�¨£²��¥)  §£²�£�7� -17(, ¦³ ²�¢°¨ £��¬� �£²�±« ¦³ ´��¥³ �«£«� 5.75 ¨ ,' ´�«�¥¨�

� ¦�«��£¦® £��¬�¦³¥ -0.30¨  '£¦¬¨�� £��¬� ­�¢ ´��¥³ ­°² 3.15¨ ', �«�¥¨� �´£¢ª°² ¬±²±.  

 ¤´¡H6)  §£²�£�7� -17 ( �²¬¨ ©�®°¨¦�¥£²�, ¦³ £��¬¦ ¬£�¨7.40 ¨  '¦¦�¥�  2.20¨ '¦³­�¢ , ©£� ��¦¥� 

¦ �§£¨²¥ ´�ª�£¦¬ � �¢¨¦¨  ´¦ �¦¬¨ ²¬«.  

 ¤´¡H9 , ¬°�� ¡² ¨ ©�®°¨�¥£²�¦, £²�®¬£ ´¬±� ´����¨� ) §£²�£�7�  -17 .(  ��� ��¨ª³ ­�¢� £��¬4.80 

¨  '´£¢ª°² ¬±²±  �«�¥¨ ���� .¬£��³ �²£®¡ ©®��� £�°¨ �  ¤´¡�£²�®¬£ ´¬±� ¦³ §��´� £¨ ¦�  . «£«�

­³¡ª �¦ ­�¢�.  

 ¤´¡H7 ,¦ ¡² ¨¨�¥£²�)  §£²�£�7�  -17( ,¦¦�¥  ¦³ £��¬� ­�¢1.45¨ ²¢, £��¬� £¢£²±¦± ¦�«��¦® �«¥¨� 

¥ ¦³-0.5 ¨²¢ . ¦�«��¦®��«¥¨�ª¡ ²£� ´²�°´¨ §££ª¨�ª± §£¬¦« .  
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²�£� 17 :§² ´¥£²� �£�« ­�¢ £®�³¡¨ §£�£°¨� §££��¨¬ §£¥´¡ . ²�£�� ¬£®�¨ §£¥´¡� §�±£¨7 .£°¦²�±� ©£� �H4, H3� -

5H¢ª� §�±£¨ ¦³ �£°¦�®²¢«±�� �£��¦�®²�¨ £® ¦¬ ��³� �¥²¬ª £¬� �´¨��� ´��¥³ ´£ ´£²¢¨�¦�ª²� ����) ²�£�27 .(

�§£¥´¡ §£²£��¨ §£ª��£¦�®,§£�°£¨�  ¬¦« £²�³ )§£¦���¨ -3 «"¨ ( ���¨ª³¤²��¦ £�²±� £±®�� ²¢¨ ���¥³ ¦¥ . §£¦��£¬

�ª¥��³ ´��¥³ �£¦ §£ª¨�«¨ §£²�¡³ ´�£´���� §£®±³ ©�¨ OSL�£°«£ª£¨�¦ ¤�²�´ ¤²�°¦ �¨��ª³ ´��¥³ �£¦ ´�ª¨�«¨ .  
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²�£� 18 :£²±£¬� ¤´¡�­�¢� � ¡² ¨ §�²�� �¥£²�)  itm222457/293037 - 222555/292817 .( §£¥´¡ ¦³ ²��£¡¨ �¥²�¨H4, 

H3� -5H)  ²�£�7( .£��¨ ¤´¡�£§£ª��£¦�® §£² , §£�°£¨� ¬¦« £²�³)§£¦���¨ -3 «"¨ ( ¦¥� £�²±� £±®�� ²¢¨ ¤²��¦ ���¨ª³

��¥³.  

4.3.2 .�£®²��²¢®� �£��¦�´£¦ 

§´¡´¨³ £²¢ª¨£�«�� £´¦ �� ¤´¡� ¦³ §£²�³¨ §²±£¬� §£�¥²�¨ ­�¢� £¬¦« ,£¦£ª��£ ²¨�¡ ´®«�´� ,

 ¦���� ©�´¡´ §�²± ¦³ §£´£¦�ª«±� ¦��£®¨� ¦³ §£¢«£²±�¨§�²±-´®¢¬¨ .£ª��£� ²¨�¡� ¬£®�¨ £¦

 §£®±³�¥´£¢£ª���¦®) ´®¦¡�¨ ´£ª±¦�� ´£¥�¥ (§££¢«�¦±� ©£�³ «±£²¢¨� , ²¨�¡¥ ��  ­£±¨ �� �¥¦¨�

 §£¢ª¨�²®) §£²�£�19 ,20 .(��¨ �ª´³¨ ­�¢� ´��¨���� £¦£ª��£� ²¨�¡� ´¦�¥´ , §¬ ´��¨��� ©£�50% 

¦¦¥ �� ©£¡��¦ ©´£ª �¦ ©�� ´��¨���¦ £¦£ª��£ ²¨�¡.¬¨ £¦£ª��£� ²¨�¡�  ²¨�¡�  §£�² §£²±¨� ��²�

£´£«²¡ ,­¦¡�¨ £¦£ª��£ ²¨�¡ ´�£�¦ ��� ­� £�³¬ �ª¨¨ ²¥£ª ±¦¡³ ,�±«�²±£¨� §�£ª£� ��²®���® �¦ 

�²³®�´�. ´±£��� 469­�¢ £®±³ �³£¨¡� ´�£�²±� ´���±ª  , ´�¬°¨��Pick-pointer ,  �¥£²� £¥ �¦¬

 ¦¬ �¨�¬ ­�¢� ´£«²¡�� ´£¥�¥ � ¦³ ¬°�¨¨�23% .§£¦¦¡� ¡¢³ ¦¬ �¨¬ �±��ª³ ´��¨���� ¬°�¨¨� 9% 

)� ­�±£³� §²¢ �£³±� �²�¬ �±��ª³ §£®±³��§£¦¦¡²�±¨� ¬¦« £¦¦¡ §� (. ��� ­�¢� £²±£¬� �£¥²¨� 

�²°��£� §²¢ �¨²¢�£�� ¦¦¡� �£�³ §£¬¦«� ©¨ �² �ª³ §£¢ª¨�²® , §£�£¥²¨ �¦��68% §£®±³� ¡¢³¨ 

­�¢� ´��¨���� . §£¦���� §£¢ª¨�²® §� §££�°¨ ­�¢��¨£�¦ £�¥��§£®±³� ,  �ª£� §�¦³ ¡®ª� ¤« ¤�

 ¦¬ �¦�¬1%­�¢�¨ ,��³� �°¨� ´� �¢£� §£®±³� §£�°£¨ �  �²±¨�� . §££´¦ � §ª£� §£¢ª¨�²®� ��²

§££²¢ª¨£�« ©¢±� §±¦¡� . £® ¦¬ ´�ª�³� ´�¦ �� ©£� ©£¡��¦ ²³®� £¥ ��²� £´¦ �� ¤´¡� ��¨£¦

©�¨ ´¡� ¦¥¦ ´£ª££®��� �£®²��²¢®�,´� ¤££³¦� §�£´�²�±¨¦ ­�¢� §£ª�³� §£¢ª¨�²®�  . ¦³ �ª£¡��

2600 §£¢ª¨�²® ´�¦£¥¨� ´�£�²±� ´���±ª )£´£¥�¥ � £´£«²¡ ²¨�¡ �� §£¦¦¡ �¦� (� -20­�¢ £®±³ , ���  

 �¥£�³�80% ©¨ §£¢ª¨�²®�£®£°®« ²�±¨ ¬¦«¦ �±��ª³ )  �¦�¢2(. 42%ª¨�²®¥ ���   §£¨²¥ ´¦ � ¦³ §£¢
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 �ª�£¦¬) ²�£�21( ,18% -  �¥ ´¦017 ,9% - ©�£  ©£¬ ´¦ �¥ ,4% ´¦ �¨ �² �ª 015 ,3%  -   �¡�� £²�®¬£ ´¦ �¨

 ´¦ �¨ ��� ����006 . £²¢ª¨£�« �°�¨¨ §£¢ª¨�²® §� �®°ª ´�¦ �¦ ­«�ª�)¢ª��²±£¦�¡ £ª���  , ²´�£ ¢¬¨

¨ -1% (©�´¡´ §�²± ¦³ §£´£¦�ª«± ©¥�/´®¢¬¨ .  

²£¬�¦ ³£ £¥ ³ ©¥´££²�®¬£ ´¦ � ¦³ §£ª¢± §£¢ª¨�²®�ª�£¦¬ §£¨²¥ ´¦ �¥ �²®«ª £,©�£ª£� ©�£¨�� ¦³�  .

©¥´££ ©¥ �¨¥,©�£  ©£¬ ´¦ �¥ �²���� �ª�´¡´ §£¨²¥ ´¦ � ¦³ §£¢ª¨�²®³ ,©�£ª£� ©�£¨�� ¦³� , ´¦ � ©¥³ 

²±¡¨� ¦³ ²¡��¨ �¦³¦ �¬ ´£®²��²¢® �²���� �¦ �ª�´¡´ §£¨²¥, �� §��£�� ¬�°£� ²¡�¦ ±²-Pick-

pointer.  

�¦�¢ 2 :§£ª�³� §�£´�²�±¨¦ ­�¢� §£¢ª¨�²® ©�£¨ ´��°�´  

­�¢� §£¢ª¨�²®� ¤�´¨  �¡� ¬¦«¨ 

42 �ª�£¦¬ §£¨²¥ ´¦ � 

18  ´¦ �017 

9 �ª�´¡´ §£¨²¥� ©�£  ©£¬ ´�¦ � 

4  ´¦ �015 

1  ´¦ �006 

3 £²�®¬£ ´¦ � 

~1 §£´£¦�ª«± 

~1 §££²¢ª¨£�« §£¬¦« 

~1 ¯²��± £²�²� 

20 £�� ¨ �¦§  

�²¬� : ©�£¨ ´��°�´ ´��°�¨ �¦�¢�2600­�¢ £®±³ §£²³¬ ¤�´¨ §£¢ª¨�²® ¦³ ´�£�²±� ´���±ª % .20 ���  �¦ ´���±ª�¨ 

�°££¦ ´�£�³¬ ©��©±¦¡� ,¨ ´�²¥�¨ �¦ ´�¦ � ¦³ §£¢ª¨�²® ´´-¬±²±�.  

�  §£¢ª¨�²®� ©£� §£±�¨¬ §£´£¦�ª«± £±¦¡ ��) ²�£�22 (§££²¢ª¨£�« §£¬¦«�, ¤´¡� ©¨ �² �ª³ 

´�¦ �¦ ´¡´¨³ £²¢ª¨£�«� . §£¢ª¨�²® §£¦¦�¥ �®°ª³ §££²¢ª¨£�«� §£¬¦«�¢ª��²±££§ ¯²��± £²�²�� 

) ²�£�23 .(� ²¨�¡�¢ª��²±£§£¢ª¨�²®¥ §� �°¨ª , ±�� «±£²¢¨� ���² §¦�� )5.4%  ~ £¦±³¨ ¬°�¨¨

§£¢ª¨�²®� ©¨ ����  �¡�� �¦�¥ ­�¢�¨ ,��²±²®� ¤³¨�  .(­�¢� ��°¨ª³ ¯²��±� £²�²� ¦��� ©£� ¬ª 0.1 

¨" ¨¦ -0.6¨ "¨ .´���¢ ´�£²��¥� ´�£¦��£¬ §¬ ����� ´�²�� ´�²� �¦� §£²�²�¦ . §£¢ª¨�²®� ©¨ ±¦¡

´£¦� �¥³¡� §�� ´²¥£ª³ �� §£±«�²¨ §�� �°£¡¦ ¦³ §£ª¨£« §£�²¨ . �²£´¡� ¬£¢± ´�²�°´�) ©�±£¢²±

©�´¡´ (�²� ´�¦£¥¨� ¦�¡ £ª�� ��°¨ª §² ´¥£²�¦ §£��²±� ©�¨²¡� £¦�®£³¨§£¨�� ¯²��± £² .��¨��� 

 ¬£¢± ´²�°´¨)ª.°:  itm22055/29425 , ²�£�24( ,²´�£ ���� ´¨±�¨¨�§££´³� ©£�¨ ¤´¡� £��¦�´£¦�  ,

 ¯²��±� £²�²�¦ ²´�£ �¨��³ ­�¢�)§�� ±�«£²�� ´�£²��¥� ¦³ �ª´³¨� £®���� §£²�²�� ¦���� ( �£��

 �¦� §£¢ª¨�²® ¦³ £²±£¬� ²�±¨� ��²ª¥) ²�£�24 .(�� ©¥´£�´££¦¬ ¤�´ �¨��¨� £�£ ¦¬ �¨��ª ¦�¡� £ª� ,

�£� ­� §�¨ ¢¬¨ �¦£¥¨� �ª�£¦¬ §£¨²¥ ´¦ �� ²³�¨ ��²�� ����  �¥£²� §´¬®�� ¤� , £¥ �£¬�¦ �£�³¬

¦�¡� £ª��¦ �¬ ¬£�� �¨²¢�£�� ³²�³ ,¥ ¦³ ±¨�¬� ´�£�°¨�-1000 ²¢¨ )��² ±²®� ��³£¡� ²�«� 

©�£��.(  
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�                              .�                                  .  

  

²�£� 19 :­�¢� «±£²¢¨¥ ´£¢£ª���¦® ´£¥�¥  ,�¦�° ��¢£±� �¥³¡��� £²�³£¨ ��¢£±� §�¡ ©���� ´ª££®�´¨ ´£¥�¥ � . §�¦£°

�±«�²±£¨� ­±³®�¢�±¨ ²�� :�  .�´£²�³£¨ �¢�±¨ ²� ,� .§£��¦° §£�¢±¨.  

�                                                                .�.  

  

ʸʥʩʠ 20 :ʫ ʺʩʨʩʰʥʢʠʬʴ ʺʩʫʥʫʦ'ʨʰʮʶ'ʳʥʨʡ ʭʩʨʰʮʢʸʴ ʤʴʶʮʤ  ,ʸʷʩʮʡ ʳʷʹ ʭʥʬʩʶʥʷʱʥʴʡʨʥʷʮ ʸʥʠ  :ʠ .ʺʩʸʥʹʩʮ ʡʨʥʷʮ ʸʥʠ ,ʡ .

ʭʩʡʥʬʶ ʭʩʡʨʷʮ .  

0.5 mm 0.25 
SH_BR_113_PPL 

0.5 mm 0.25 
SH_BR_113_CPL 

0.2 0.3mm 0.1 0.05 
SH_BR_114_PP

0.2 0.3mm 0.1 0.05 
SH_BR_114_CP
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ʠ                                                                .ʡ.  

 

²�£� 21 :­�¢ ¤�´� §£¨²¥ ´¦ � ¢ª¨�²® .±£¨ ¢ª¨�²®�§£¨²¥ ´¦ � ´� §£ª££®�¨� ©£�£¦�� ¦³ §£¢«£²±�ª®�² . «±£²¢¨�

¨ �¥²�¨ ¢ª¨�²®� �£�«£¢«�¦±§£±� § ,´£¦£ª��£ ´£¥�¥ � ´�£«²¡ .�±«�²±£¨� ­±³ §�¦£°®�¢�±¨ ²�� :�  . �¢�±¨ ²��

´£²�³£¨,�  .§£��¦° §£�¢±¨.  

�                                                                .�.  

  

ʸʥʩʠ 22 :ʳʥʨ ʲʬʱʡ ʺʩʬʥʰʱʷ ,ʭʤʩʰʩʡ ʤʸʹʴ ʬʹ ʺʥʬʥʡʢ ʭʩʠʸʮ ʺʩʬʥʰʱʷʡ ʭʩʰʱʷʥʸʩʴʤ .ʺʩʬʥʰʱʷʬ ʺʧʺʮ ʭʩʨʰʮʢʸʴʤ , ʯʩʮʩʮ

ʭʩʮʸʫ ʺʬʦʡ ʬʹ ʭʤ ʬʠʮʹʮʥ ,ʦʡʮ ʤʠʸʰʫ ʠʥʤ ʤʰʥʺʧʺʤ ʺʩʬʠʮʹʤ ʤʰʩʴʡ ʨʰʮʢʸʴʤ ʺʬ017 .ʥʷʱʥʸʷʩʮʡ ʳʷʹ ʭʥʬʩʶʴʡʨʥʷʮ ʸʥʠ : 

ʠ .ʺʩʸʥʹʩʮ ʡʨʥʷʮ ʸʥʠ ,ʡ .ʭʩʡʥʬʶ ʭʩʡʨʷʮ.  

1 1.5mm 0.5 0.25 
SH_BR_041_PP

1 1.5mm 0.5 0.25 
SH_BR_041_CP

1 1.5m0.5 0.25 
SH_BR_041_PP

1 1.5m0.5 0.25 
SH_BR_041_CP
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ʠ                                                                .ʡ.  

  

²�£� 23 : ¬¦«� ¯²��± £²�²�­�¢,  ¥²¨� £´¦ � ¢ª¨�²®� .�±«�²±£¨� ­±³ §�¦£°®�¢�±¨ ²�� :�  .´£²�³£¨ �¢�±¨ ²�� ,� .

§£��¦° §£�¢±¨.  

�                                                                .�.  

  

²�£� 24 : ¬£¢± ´²�°´¨ ´£ª�±£¢²± ¦�¡ ©��)ª.° .itm  756617/681326( ,§££¦��¨£� ¯²��± £²�²� , ´�£¦��£¬ £¦¬� §�£ª£�

�¬�²�� ���¢ ,´£¦� �¥³¡� §±¦¡� ´²±£ª ©¥� §£¨¦³ �� ±�«£²� ±��£« .£¦ ²� ��¥£¦ .�±«�²±£¨� ­±³ §�¦£°®�¢�±¨ ²�� : 

� .´£²�³£¨ �¢�±¨ ²�� ,� .§£��¦° §£�¢±¨.  

  

1 1.5mm 0.5 0.25 
SH_BR_119_PPL 

1 1.5mm 0.5 0.25 
SH_BR_119_CPL 

1 1.5mm 0.5 0.25 
SH_BR_042_PPL 

1 1.5mm 0.5 0.25 
SH_BR_042_CPL 
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4.3.3 .¢ª��²± ´¦�¥´ 

­�¢� §££�°¨ §£¦��� §££¢ª��²± §£¢ª¨�²®,§£¡£¥³ §ª£� §¦��  .­�¢� ±�� ²¨�¡� £�°¨ ¢ª��²±� ²±£¬ .

�°¨�¡ £�£ ¦¬ �«¨�� �£�°£¨ ´� ´²®³¨ �  ����¬ .�ª¡�ª ¢ª��²±� ´¦�¥´�«¨� £�£ ¦¬ � -80% ´��¥³¨ 

­�¢�, §£¥´¡ ¦³ ­�¢� ´��¥³�� £²±£¬� ¤´¡� H8, H7� -H6 .� ´¦�¥´ £�£ ¦¬ ´£¦±³¨ ���¨ª ¢ª��²±

�²�£� �°¨�¡� �«¨�� �®£¢³-´£²�¦¥.�«¨�� £²¡�� £ª®¦ ³��££ ²¡� �¦±³ª ­�¢� ´��¨��� , ³²®��� 

­�¢� ¢ª��²±� ¦³ £¦±³¨� �±¦¡¥ ³²�®) ��²´�¢£³ ±²® .(� �£¥²� ¦³ ´¬°�¨¨� �¦�¥´� ¢ª��²±£ �£� 

5.42% ¦³ ©±´ ´£¢« §¬ 2.9% .¦¦¥¥ ,± ­�¢� £¢ª��²±� �£¥²�©¢¨ -10% )£¦±³¨(�¨ �¨��� , ¢¬¨¦

£²±£¬� ¤´¡� ´�£�°¨� ´�¢¦�� ´�£¦¨�ª� £´³ ,´�£�°¨�¥ -4� -12 £�¥¦ ´�¬£�¨� ¤´¡� «£«�¨ ²¢¨ 14% 

�-16% )£¦±³¨() ²�£�§£ 25 ,29 .(´��¥³¦£�±¨ ­�¢ ´� §£¥´¡� H3� -H4�²¨ ´� ¦³ ���¢ �¨�´� 

¢ª��²±� ´¦�¥´ , ¤´¡� ¢ª��²±�  �¥£² ¤�H5� ²³�¨ ���� � ´��¥³� £¥´¡ §£¥´¡� ´�£�£¢¦²�±�

§£²¡��)  ²�£�25 .(£�-¨�´�­�¢� ´�¥³� §£¦²¢¦ §££�ª£³¨ ¬��ª¦ �¦�¥£ �  � . ´�£¦¨�ª�� £´³) ��¥³�

 ²®«¨10 ´��¥³�� 19-20,� -H3 (´��£¬¨,��²ª� ¦¥¥ ,´�£�°²®´�� ­°²� §£�£²¡ §£¬�²£� ¦¬  . ²³®�

´� ¤�´¦ �¨²¢�£�� ´�±¨¬´�¦ £�¢£� ©� �¦� ´��¥³³� ´£´³¢ª��²±£´, ¢ª��²±� £®�³¡¨� ©²�±¨³ �� 

 ²��¨� §�²� ¦³)©�£�� ±²® ��²( .£²±£¬� ¤´¡� ¢ª��²±� ´¦�¥´ ©£� §££¢¨¢«£« §£¦��� ©£�, � ¦ 

� �£�« §£²¡� §£¥´¡�³�¥£²� )  ��� ¢ª��²±� §�1.8-9.3%( , §£±�¡²�� §£��²±� §£¥´¡� ©£� ��

²��¨�  ¥²¨¨.  

0

5

10

15

20

25

30

35

40

45

50

0 5 10 15 20

ʨʰʥʡʸʷ ʬʹ ʺʩʬʷʹʮ ʤʩʶʷʸʴ
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 ʩʴ
ʸʢ
ʩʨ
ʸʨ
ʱʤ

 ʥʮ
ʥʷ
ʮ
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²�£� 25 :£²±£¬� ¤´¡� ´� §£�£¥²¨� §£¥´¡� ¦³ ­�¢� ´��¥³� ¢ª��²±� ¦³ ´£¦±³¨ �£°±²® ,H4 ,H3� -H5 . ´��¥³�

 ²£° ¦¬ ´��°�¨Y£²±£¬� ¤´¡� £®²�£¢²¢«� ©²�£« £®¦ .  
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4.3.4 .�£²¢¨�¦�ª²� 

�ª´³¨ ­�¢� ´��¥³� §£²�²�� ¦���,´�ª�³� ´��¥³� ´�¡£¥³� ©�� ´¬²³¨� ©�  .�� ´�ª�³�� ²�²�� ¦�

¨§£¨²�� ²®«¨¨ ´¬®³�¨� ´®±³ ,§�£ª£� :´�°²®´�� ´¨°�¬ , ´�¡�²� ©��£¥� ´¨°�¬� �£°¢ª¨�²®� ´�²�

´�°²®´�� ¤¦�¨� .´�°²®´�� ´¨°�¬¨ ´² �ª �£°¢ª¨�²®� ´�²��±¨�¬� �  ©¨ ¬¦«� ¦³ �£��¦�´£¦�

)Kuppers et al., 2006.(  

 §£¦��� ¬¦« £²�³)¨ ¦��� ²¢�±�-30¨ "¨ (ª�³ ´�¡£¥³� ­�¢� ��°¨ª´�ª�³ ´��¥³� �,� §££�°¨ §� -43% 

¨ §£²�¬ª� £²±£¬� ¤´¡� £��¬¨-%57§£²´�ª�  . �¬ ¬£�¨ ¤´¡� §£«®�´ §�³ ¡¢³�0.3%¬£�¨ §¦���� �¬  

 ¦³ ²¢�±¦450¨ " ¨) ��� ©�£°¡� ¦���70¨ "¨ .( §� �´®°ª ²�²�� £¦��� ´��¦®´�� ´²¥£ª ´�£¦£��²�

 «±£²¢¨�)< 30¨ "¨ (­�¢� ¦³ . §£²�£�26�  ,'� '�� ' �±�¦¡� £®¦ ±�� ²¨�¡� ²� £® ´� §£�£°¨

 §£¥´¡� §£ª�³� §£¦��� ´�£°±²® ¦³ ´£¦±³¨�H3 �¬ H9  . ´±£���� ²�²�� ¦���� ´�ª�³�� ©£´��¥³ 

�¦�¬ ´�ª�³�,£¥ ±��ª� ²�²�� ¦��� ©¢±³ ¦¥¥  ,¤¥� �¦�¬ ©�£¨� ²�²�� ´£°±²® �²¡�ª ©¥¦� ´��¥³� ©£� 

´��¥³� ©£� £ª�³¦ ��¨¥ «��.  

0 0.2 0.4 0.6 0.8 1 1.2

H3

H4

H5

H6

H7

H8

H9

30 mm >X > 4 mm

4mm>X>1mm 1mm>X
 

²�£� 26�' : ­�¢� �ª�� ²¨�¡� ²�²�� £¦�� ¦³ ´£¦±³¨ �±�¦¡)< 30¨ "¨ (�±��ª³ ­�¢� ´��¨��� ¦¥� .  
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0 0.2 0.4 0.6 0.8 1 1.2

H3

H4

H5

H6

H7

H8

H9

30 mm > X > 4 mm

4 mm > X > 2 mm 2 mm > X > 1mm
  

 ²�£�26�' : ­�¢� �ª�� ²¨�¡� ²�²�� £¦�� ¦³ ´£¦±³¨ �±�¦¡)< 30¨ "¨ (�±��ª³ ­�¢� ´��¨��� ¦¥� . £�£¦ �� £ª�³� ²±£¬

 §£«�� ²�²�� £¦��� ´£°±²®� £�¢£�)4  ¨"¨30 >X>  ¨"¨.(  

0 0.2 0.4 0.6 0.8 1 1.2

H3

H4

H5

H6

H7

H8

H9

2 mm >X> 1 mm

1 mm >X> 0.5 mm 0.5 mm>X
  

 ²�£�26�' :§£ª¢±� ²�²�� £¦�� ¦³ ´£¦±³¨ �±�¦¡¨ -2¨ "�±��ª³ ­�¢� ´��¨��� ¦¥� ­�¢� �ª�� ²¨�¡� ¨ . ´��²¦ ©´£ª

 ²�²� ¦��� ´£°±²® ©£� �±�¦¡�³X < 0.5¨ " ²�²� ¦���¦ ¨ 1 > X > 0.5¨" ¦³ ¬��± «¡£� �£� ´�ª�³� ´��¥³� ¨1:1.  

  

 ²�£�27£¦±³¨� ±¦¡� ´� �£°¨  ¦���� §£²�²�� ¦³ 2-4  ¨"¨,¤´¡� £®²�£¢²¢«� §¨�±£¨ £®¦  . ¡��¢

����¨ �  §£¦�� 4-30%  ­�¢�¨)§£¦���� ¬¦«� £²�³ ´� �£°��¦ (�¡� �²±¨��, ­� �  ²�²� ¦��� ´°��± 

 ­«�¨� ´¢¦�³)> 50% .( §£¥´¡� ©£� ����³��H3 ,H4� -H5�¦�¬ , �  ²�²� ¦��� ´°�®´³ ´�²¨¦ £¥ 
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� ��£¡� �ª£�´��¥³£�£¢¦²�± ´� ,§£¥´¡� ´³¦³� ´£�±¬ ´��¥³� ©£� £�ª£³� ´¨�¨ .¦�¨��� ,  �¡�

 ��¥³� ©��ª� ¦���� §£²�²��43, §£¥´¡� ´³�¦³ ¦¥� �£¦¬¨� �£´¡´¨³ ´��¥³� ²³�¨ ���� ) ²�£�27.(  

39

41

43

45

47

49

51

0 0.1 0.2 0.3 0.4 0.5 0.6

4>H5>2 mm 4>H4>2 mm 4>H3>2 mm

  

²�£� 27 : £¦��� §£²�²�� ¦³ £¦±³¨� §±¦¡2-4  ¨"¨ §£¥´¡ ¦³ §££�£¢¦²�±� §£±¦¡�  H4, H3� -5H ´��¥³� ²³�¥ 

 ²£° ¦¬ ´�¨±�¨¨ ´�£�£¢¦²�±�Y £²±£¬� ¤´¡� £®²�£¢²¢«� ©¨�±£¨ £®¦ )40-49.(  

  

 ²�£�28 §£¦��� §£²�²� ¦³ £¦±³¨� §±¦¡ ´� �£°¨ 4-30¨ "¨ ,§£ª�³� ­�¢� £¥´¡� . §£¥´¡� ¦¬

§£¦���� ¬¦«� £²�³ §� §£ª¨�«¨¨  -30¨ "¨ ,� ²³�¥ ¤²��¦ ��°¨ª³ §£¢ª¨�²®� ²®«¨ ´� ­±³¨ ©�¨£«

¤´¡� ��¥³ ¦¥� £�²±� £±®�� ²¢¨ .²�²£�� �¦�¬ §£¥´¡� ¦³ �£²¢¨�¦�ª²�� ´���³�¨, ´�¡£¥³ £¥ 

 §£¦���� ¬¦«� £²�³´£¦£��£²���¦� §£��²±� §£¥´¡� £®�³¡¨¦ ´¦���¨ �ª£��  . �±£��� ´£´¢£³

 £²±£¬� ¤´¡� ¤²��¦) ²�£�29 (�°¨ª ,�± ´¨££± £¥§£¦���� ¬¦«� £²�³ ´¦�¥´ ©£� ���¢ �£°¦² , ¦���¦

¨ §£¦���� ¬¦«� £²�³� ´�²£´¬� ´��¥³� £¥� «±£²¢¨� ²�²��-30¨ "¨, §� ©� ´�¦¬�«±£²¢¨ «�  

´£«¡£ .§£¦��� ¬¦« £²�³ ´�¦£¥¨� ´��¥³� ¦¥ , ´��£²¡ £´³ ¢¬¨¦)H3-5� -,H5-5  ²�£�29(, ¦¬¨ ´�¦£¥¨ 

26% �«� «±£²¢¨ ´£°±²®) 4-30¨ "¨.(�°¨ª ©¥ �¨¥  , ¤´¡� ¦³ ©�´¡´� �±¦¡� ­�¢� £¥) ²� �¦ ¢²®

¤´¡� ¬�² (§£¦��� ¬¦« £²�³ ²£´¬� ´£«¡£ «�, ©�£¦¬� ³£¦³�³ ��¬� ²��  ¥²¨¨ ²´�£ ±¡�²¨��£ �¥ ±�

´£«¡£ ´¢¬�¨ ¬¦«� £²�³ ´�¨¥� ²´�£ .¢�²® ²´£� ,¤´¡� «£«�¨ §£±¦¡ �³£¨¡¦ ¤´¡� ´� ±¦¡¦ ©´£ª :

0-9 §£²¢¨ –«� ²¨�¡  ,9-12 ²¢¨ -±� ²¨�¡  ,12-29 ²¢¨ –«� ²¨�¡  ,29-43 ²¢¨ –±� ²¨�¡  ,43-44 ²¢¨ 

)�ª�£¦¬ ��¥³ (–«� ²¨�¡ ´�¥²�¨  .  

£²±£¬� ¤´¡�¨ �ª�³� ,�¥£²�� ©¨ §£±�¡²� §£¥´¡� , ²��¨� ¦³ §££ª�°£¡� ´�ª�²�¨� §££�°¨�) ¤´¡

H6 ¤´¡� H9 (´��¥²�¨� ´��¥³ ¤�´� §£¦��� ¬¦« £²�³ §££�°¨§� � «±£²¢¨¨ ±.  
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²�£� 28 : ¦³ ´£¦±³¨� �£°±²®�£¢«�¦± ¦���� §4-30¨ "� ¨´��¥³ª�³� ´�­�¢� . ¦¥� ´���±ª� ²®«¨ ��¥³ ´� ©££°¨ 

§£¦���� ¬¦«� £²�³ ²®«¨¨ -30¨ "¨,¤´¡� ��¥³ ¦¥� £�²±� £±®�� ²¢¨ ¤²��¦ �²®«ª³  . ¦³ ´��¥³ ´�ª¨�«¨ ¦�¡¥�

­�¢ §ª£�³ §£¬¦« ,�±« ©��¥�£² , ´�¬±²±� ´¦ �)�²£®� ¬£®�¨ ­�¢ §ª£�³ §£¬¦«� ¢ ²�£�17.(  



 36

  

²�£� 29 :£²±£¬� ¤´¡�­�¢�  , ²�²� ¦��� ´°��± ¦³ £¦±³¨� �±¦¡ ©¨�«¨ �£¦¬4-30¨ " ¬¦« £²�³ §£²£��¨ ©¥� ¨) §£¦���

¨30  ¨"¨ (¤´¡� ��¥³ ¦¥� £�²±� £±®�� ²¢¨ ¤²��¦ ��°¨ª³)  ²�£�7 ,H3, H4, H5(.  
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4.4 .§² ´¥£²�� ¦��£®¨� 

 �ª�£¦¬ §£¨²¥ ´¦ ��� §² ´¥£²� ­�¢� ��°¨ª ¢£¢�«²± ��«¨ ¦��£®¨� £³£��) ¡®«ª5 .( §² ´¥£²� ­�¢�

³£�� §££�°¨ §£¢«£²±�¨¥ ©� ¢£¢�«²±� £) ²�£�30 ( ©¨� ©�´¡´� §�²±� ©¨ §£´£¦�ª«± ¤�´� ©��

 �ª�£¦¬� ´®¢¬¨�)Mittlefehldt, 1984; Downes et al., 2004 .(�ª�£¦¬ §£¨²¥ ´¦ � , �ª�²¡�� ´¦ �� �£�³

�¨� ´²£°£ §²¢� ²´�� �¡¦±³²� ,¦��£®¨� ¦³ §£¢«£²±�ª® �¦£¥¨ �§£´£¦�ª«± .  §£´£¦�ª«±� ©¨ ±¦¡

§²�±¨³ ¯²��± £²�²�� £¨�±¨� ¤´¡� ©¨ ´�¦ � ¦³ §£¢ª¨�²® §±¦¡� ±�¨¬ ²�±¨¨,��²ª¥ , £¬¦«� 

©�´¡´� ©�±£¢²±� .�¨�����£¡£� ´®«�ª ²¬« £¡�¦£±¨ ´¦ � ¦³ ���� ­±³� ��°¨ª ¦��£®¨� ¦³  ,

´��£�£� ²³�� �®«�ª³ .��£¥¨©�³ �¨���´����  ,²¬« ´¦ �� ��£²¡� �±�¡² , ¤�£³ �¦ ©£�³ §�³¨�

²�²� £®²�£¢²¢« ,³�¦³¨ ´¡�¦ ´¥££³ �ª£� ©¥� ����� ´�¡£¥³� §£¦��£®¨� ��°¨ª ©�� ´�£°�£°�«�� ,

¡££´� �¦«¤³¨�� �£¦� .  

  

²�£� 30 :£²±£¬� ¤´¡� ©¨ �°��³ £¢£¢�«²± ¦��£®¨� ¦³ ¢«£²±�¨ ,§² ´¥£²� ­�¢. 

²�£� 31 :£²±£¬� ¤´¡� ,§£´£¦�ª«± �� ¢£¢�«²± ¦³ §£¢«£²±�¨ ��°¨ª ©� ´��¥³� ´�ª¨�«¨ �£¦¬.  

­�¢� ¤´¡� §£¬£®�¨ §ª£� §£¢«£²±�¨�´£ª��¨�� �«£²®�  �²�¬ª §� ¤´¡� «£«�¨ §£) ²�£�31 .( ©££°¦ ³£

§£¢£¦�ª«± ��°¨ª ©�� ´��¥³� ¦¥� £¥ ,¦��£®¨� ¦³ §£¢«£²±�¨ §� ��°¨ª . ¬ª §£¢«£²±�¨� ¦³ §¦���

 �¬� §£���� §£²¢¨£¦£¨¨35u35u60¨ "¨ .²���� §£¢«£²±�¨�¨ ±¦¡ §£¡´�®¨ ³£�� £ª® §¬ §££¦) ²�£�

30 (´�±¦¡�¨ §�£´��®� §££¦²��ª� §£²¡�� . ©¥´££�£� ´��®� ´±¦¡� £¥ £¦�³ ¦³ ´£±¦¡ �«¨�¦ ´��¬ 

 ³£���)Nasir and Al-Rawas, 2006 .(  

 �¬ ¬£�¨ §¦���� §£®±³� ���  �ª�£¦¬ §£¨²¥ ´¦ ��³ §£¦��£®¨��5¨ "¨ . ��°¨ª �¦� §£¦��£®¨��

 ©¥ ¦¬� ´¦ � �´��� §££�°¨� §££ª£�£¦�� §£¢«£²±�ª®�²±£¨ ¦³ � ¦ �¨�� �¥²�� ©£�£¦�� ´�£ �¦±ª£�

«¤´ª �´��¨ �³��� £¥ ²£� , §££ª£�£¦��� §£¢«£²±�ª®�²±£¨� ´�³��´�¦ §£²¡��¨ §£¦��£®¨�� £¥�) ²�£�

15�  ¡®«ª4(  

� ²�£�32§£¦��£®¨�� �¡«�ª ´�£¡£� ©�±£¦£«� £¨�¢� ²®«¨ ¦�¨ §�£ ª�¨ £²®«¨ §£�°�¨  . §£¦��£®¨��

§�£ ª�¨ £²®«¨ £¦¬� §� §² ´¥£²� ­�¢¨ §£´£¦�ª«±�  ¦³0.50-0.65 .²¬ §£¥²¬�¨ §£¥�¨ª �¦� §£¥
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 ­�¢� ��°¨ª³ §£¢«£²±�¨�)0.60-0.77 (§£¨²¥ ´¦ � ¦³ §£¢«£²±�ª®���ª�£¦¬ ) 0.66-0.73  .(

� ´²�¡ ¦³ £²�«� ±¦¡� �°¨ª ²³� ©�ª� ²�� ­�¢¨ �®«�ª³ §£¦��£®¨�- §�³)Nasir and Al-Rawas, 

2006 (§£¨²¥ ´¦ �� §£¢«£²±�ª®¦� ­�¢� §£¢«£²±�¨¦ §£¨�� . §£¦��£®¨� §�²±�¨ §£´£¦�ª«±�

£ª²±¨ ´�¦ �� ©�´¡´� - ©£¢£¡)´£ �, 2005 (²´�£ ����� �±£¦£« ´¦�¥´� §£¦��ª.  
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0.60

0.65

0.70

0.75

0.80

5.5 5.7 5.9 6.1 6.3 6.5 6.7 6.9 7.1 7.3 7.5
Si (pfu)

M
g#

ʭʩʮʸʫ ʺʬʦʡ ʳʥʨʤʮ ʨʩʬʥʰʱʷ ʳʥʨʤʮ ʨʱʩʸʷʢʮ ʯʩʨʩʧ ʩʰʸʷ (ʤʩʸʥʱ) ʯʥʰʣ ʸʤ

  

²�£� 32 :£¡£¦ �±£¦£«� ¦�¨ §�£ ª�¨ ²®«¨ §£¦��£®¨�� �¡«�ª ´�)22§£ª°¨¡ (§£¨²¥ ´¦ �¨ , ´¥£²� ­�¢¨ §£´£¦�ª«±¨ 

§² ,§² ´¥£²� ­�¢� §£¢«£²±�¨¨ ,�ª«±¨£ª²±¨ §£´£¦- ©£¢£¡)´£ � ,2005 ( §£¢«£²±�¨¨�¨©�ª� ²� , �£²�«)Nasir and 

Al-Rawas, 2006.(  

  

�¬£´®¨ �ª£� §£´£¦�ª«±� ¦��£®¨� ´�¡¥�ª ,´¦ �� ¦²ª£¨� ¦³ �´�¡¥�ª §¦���ª�£¦¬ §£¨²¥  ��£²¡ �£� 

©¦��� ´�¦ � ¦¥¦ «¡£� .³ §�¥²�� ©£�£¦�� ´�£ �¦±ª£� §£¦£¥¨ §£¦��£®¨�� £¥ ����¬� ¦

´¦ �� §£¢«£²±�ª®�²±£¨ ,� ´¥¨�´¨� �¦��³ §£¢«£²±�ª® §´�£�� ²¡�¦� �¨¬ ¦±³¨ £��£³� �¨�

©£�£¦�� ¦³ ©�³�² ²�� ´�³��´� .©�ª� ²� ¦³ ­�¢� ��°¨ª³ §£¦��£®¨�� ¦¬ ����¬� , ´���³� ¤�´¨ �¦¬

¢²�± ´���«£� §££²±£¬ ´���«£,�£� §£¦��£®¨�� £¥  ,��²ª¥, ¤´ª� §¬ ¦±³¨ £��£³� §��²�  �� ¡²�¨�

 �¦��)Nasir, 1995; Nasir and Al-Rawas, 2006 .( ´�£ �¦±ª£�� ´£®°´� ��¦£³¨§£¦��£®¨��³ ´��¬¨� 

©�ª� ²�� ¦��£®¨� §¬ ¦±³¨ £��£³� £�°¨� £´¦ � ¤´ª §�£±¦ , §£¨²¥ ´¦ �� §£¦��£®¨�� £¥ ¡£ª�¦ ©´£ª

�¨ �³���¨��¨´¡²�¨� � .¡£ª�¦ ©¥ �¨¥ ©´£ª ,­�¢�³ §£¢«£²±�¨�³ ,¨��� �¦�¦ §�¥²�� §£

§£¢«£²±�ª®�³ ,�¨ �¦��¨��¨�¨ �� ´¡²�¨� �¨��¨�ª�£¦¬ §£¨²¥ ´¦ � ¦³ �.   



 39

4.5 .§² ´¥£²�� £ª±¦��� ¤´¡� £¦£� 

4.5.1 .¬±² 

��£¬¨ §² ´¥£²� £¬¦« ¦³ �£®²�£¢²¢«�, § £ª±¦��¨ ²�¬¨� £¥ '³�£ '�¢�£²® ´�£�°²®´�¦¨��¨ ´�£´

 ²¡��¨¨ §�±�¨� �ª�£¦¬ §£¨²¥ ´¦ � ¡�¦£±¨£±²¬« ¡�¦ .§£¨²¥ ´¦ � ¦� ²��¡ ²��¨� �ª�¨�ª�£¦¬  

­�¢� £²±£¬ �£¥²¨ §£���¨ �ª¨¨ �² �ª³ §£¢ª¨�²®� .� �¥²��´ �ª�£¦¬ §£¨²¥ ´¦ �-Ar-Ar¦ - Ka3±223 

)Goren-Inbar, 1985; Feraud et al., 1983 .(²��¨� ¦£�¦ ©�£¦¬ §«¡ ����¨ �  ¦£� . ´��¥³ �«¥¨ ²¬« ´¦ �

 �£�� ²��¨¦ ´£�²¬¨ ­�¢ ´¢£³� �¥²��´K-Ar¦ -Ka 80±140  ²´�¦ ´£�²¬¨)Mor, 1993 .( ©�´¡´ §«¡

 ²�ª£ � ¤£¦²� £�£ ¦¬ ¬�±ª ²��¨� ¦£�¦)Ehrlich and Singer, 1976 ( ©��²±�£�² ¦£�¦ �£°¦�®²¢«±� �¥²¬³

 ±¨�¬¨ £¨�� ¢ª¨£�«¨36¨  '²��¨� ´¥£²�¨ .�¬±³� £�°± ´¡ª�� , ´� �¬�± §� £¨��� ¢ª¨£�«� ¦£�

��£� ±£´¬²´¦ -108 Ka . � ´¦£¡´ ¦³ ²´�£ ²£¬° ¦£�Würmian) 60 Ka ( ¡��£±¨ ©¦�® £�£ ¦¬ ¬�±ªP8 

)Weinstein, 1976( ,¤�²�´� ´� ©¥�¬¦ ³£� ²´�£ §�±�¨ ¦¡� ¦�£°¦��³ ¦��±¨ §�£¥ £¥ §�.  

�£«£ª�©²��¨� ´²£°£ �³¡²´� �� ©¨ � ©�¦¡ ´� ²°�¦  ,� �¥²��´ -OSL ­�¢� §£«�¥¨� §£¦�«��¦® £ª³ 

¬�²��­�¢ ´��¥³  .£¦��� ¯²��± £²�²� ¦¬ ¬°�� §£¦�«��£¦®� ¤�²�´ , ¦¬ ¬°�� ­�¢� ´��¥³ ¤�²�´³ ��¬�

¯²��± £²�²�,� ©¨ ±¦¡ §£���¨� ¢«�¦±£ª±¦��§£, ©�±£¢²±� £¬¦«� §²�±¨� ­�¢� ´� §£�£¥²¨� 

©�´¡´�,²� �� £´¦ �� ¤´¡� ´¡´ §££�°¨� . �¡ª�´£� ����¬� ´ �£� ´�°²®´�� §�¡ £¥ ����£®«¨  ±

� �£°ª«ª£¨�¦� ¦ª�£« ´� «®�¦ £�¥�§£²�²�.  

4.5.2 .§£¦£�� ´��¨���  

� £¦£� £ª�´ª -OSL� §£�°�¨  ²�£�35��  ¡®«ª6.  

�¨��� BRU-2¦ �²¬¨¨ £�°¨� ­�¢ �«�¥¨� £�£²�±« ¦�«��¦® ¦³ �£� �¥£²�) (ITM) 221357-293230( 

) ²�£�33 .( �  �¨����¥²��´¦ -215±54 Ka.  

�¨��� BRU-3 ´¨��� �£� ¦ ¡² ¨¨ £�°¨� ­�¢ �«�¥¨� £¢£²±¦± ¦�«��¦®�¥£²�) (ITM) 222800-292950 (

 �£��¦ �¥²��´- Ka15±166.  

   

²�£� 33 :§² ´¥£²�� §£¦�«��¦® .¨©£¨£ - ­�¢ �«�¥¨� £�£²�±« ¦�«��¦® �¦ ´£�²¬¨ £�°¨�¥£²�) itm 221357-293230 (. 

¨¦�¨³ -«�¥¨� £¢£²±¦± ¦�«��¦®  ¤´¡ «£«� ´� ����¨� ­�¢ �H7¦ ´£¡² ¨ �¥£²�) itm 222800-292950.(  
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BRU-4 �£� �¨��� ¤´¡� ´£³£¦³� ­�¢� ´�¥³¨ H7 , ¦¬¨BRU-3) £¢£²±¦±� ¦�«��¦®� ( ¦£� �ª´ª �£��

 ¦³Ka 44±332 . ��¥³� ¦³ £®²�£¢²¢«� �¨�±£¨¦ §£�´¨ �ª£� �  ¦£�) ¦³ ¦�«��¦® ¦¬¨ Ka15±166 (

 ¦��� ­� ����¦£�¨��ª�£¦¬ §£¨²¥ ´¦ �  ¦³  .¬°�¨� ¯²��±� £²�²� ¦³ �£°ª«ª£¨�¦� ¦ª�£« £¥ �¨����  , 

´�°²®´�� ¤¦�¨� �¦¨ «�®£� ²�¬ �¦.  

BRU-5� -BRU-6 £²±£¬� ¤´¡� ´��¥³¨ ´��¨��� ©� )H3-37  �-,H3-18 

�¨�´�� ( ¦³ §£¦£� �ª´ª ©��Ka 15±112� -Ka 19±147 �¨�´�� )§£²�£� ,34 

35 .(�²��¥¦ ,£�� §¨�±£¨ ´� §£¨��´ §ª£� ­�¢� ´��¥³ £´³ ¦³ §£¦

£«¡£� £®²�£¢²¢«� ,£¥ ©¥´££ ­�� ¦���� ´� §£¨°¨°¨ ��£�³� £¡��¢ §¦��, 

 �¨���¦ �¨���BRU-4, ¤¦�¨� ¢¦¡�¨ «�®£� ²�¬ �¦ ©�¦³ ¦ª�£«� §� 

´�°²®´�� .�°¨� �  ©¥� §� ,�¦¨ «�®£� �²�¬ �¦ �¦� ´��¨���� , ³£  �

�¨ ²£¬°� ¦£�� ´� ¯¨�¦²´�£ ©£¨�¥ §££ª³� ©£.  

  

  

²�£� 34 :���¨ª³ ´��¥³� ¦¬ §£ª¨�«¨ �£«ª«ª£¨�¦� £¦£� §¬ £²±£¬� ­�¢� ¤´¡  

  

�¨��� BRU-1 ¤´¡¨ �®«�ª H6¦ ´£�²¬¨ £�°¨� �¥£²�) itm 22120-27110 ( ¦³ ¦£� ´ª´�ª �£��Ka 

13±115 .��¨��� �£� ¨´�¥³£¦¬ ­�¢ �²¬« ´¦ � �¡¦± ) ¥ -20« "¡�¦£±� ´¡´ ¨( . §��£�� �ª��¥�

� ¦£�¦ ´ª´£ª³ ´�ª³²®���¨���²¬« ´¦ � ¡�¦£± ¦£� ¦³ §�  , £��¬� ¡�¦£± ¦³ §�¡� £¥ �¡ª�� ¤�´¨¦³ 

¥-4�  ­�¢ ´�¥³� ¯²��±� £²�²� ¦³ �£°ª«ª£¨�¦� ¦ª�£« ´� «®£� §£²¢¨ .  

BRU-2

BRU-5

BRU-6

BRU-1

ʺʩʠʩʸʥʷʱ ʬʥʱʥʠʬʴ

ʺʩʨʩʸʷʬʷ ʬʥʱʥʠʬʴ

H3-18

H3-37

ʸʲʱ ʺʬʦʡ ʤʧʬʷ ʥʩʬʲ ʳʥʨ

147

115

215

112

166
BRU-3

050100150200250300

OSL Ages in Ky

  

²�£� 35 : £¦£�OSL¨ �§² ´¥£²,� -Ka.  

 �¨���BRU-4´¦¦¥ª �ª£�  , «�®£� �²�¬ �¦ �  �¨���� ¯²��±� £²�²� £¥ �¥²¬� ¤�´¨)¢«±¢ ��².(  
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5 .©�£�  

 §² ´¥£²� ¦³ �£��¦�®²�¨� ´²°�£³­�¢ ¦³ ´¬�¢� ­±�¨� £®²��®�¢ ¬±³ , ¦³ ­�¢� ´�£¢ªª£¨���

´�¦�±£ � ²«¡ £´£¥�¥  £¦£ª��£ ²¨�¡ ´�¡¥�ª� ��£�«� ¬¦« £²�³ ,��¬� ´¡ª�� §£¥¨�´ �¦� ¦¥��, £¥ 

£ª±¦�� ²��¨ �ª£� §² ´¥£²� ,�¢�£²® ´�£�°²®´� ´²�«� ²°�ª ²³�¨��¨ ´�£´)Lorenz, 1986; 

Zimanowski, 1991.(  

�³¬¨¦ ,� ±¨�¬'²�� '��³� ­�³¡³ � ¨ ²´�£ ­� ¦��� , §£¨� �¦¨´� ���� ²¡�¨)�¬¥ -10²¢¨  

±¨�¬ (§´¡´�¥  -90¨  ' §�� £¬±³¨ ¦³) ²�£�8 , ¡��£±P8 .(±³� £¦�³ ²¢�± ¬)1000 �¬ 1200¨ '( 

) ²�£�40( §¦�¬� §£²¥�¨ §£²��¨ £ª�¨¦ £ª££®��� §£�¨£¨� ¡��¢� £�°¨ )Gencalioglu-Kuscu et al., 

2007 .( ¦³ §´²��� £®¦Gevrek and Kaznci )2000(,¦ §£²��¨ ´±¦¡¨� '¦���' '©¢± '�'£ª�ª£� ,' ´¥£²�

¦��� ²��¨ ��� §² .²¨ §�±£¨ £¥ �¬£°¨ £²¢¨£« ¢¬¨¥ �´�£��¥£²��  ¥²¨¦ ¤�¨« ´�°²®´��  ¥ .

´£��¦�²�£� �ª£¡�¨ , �ª£� ¬±³�'©�¦¡ '£¨�±¨� ²®£��±�� ¦�.  

�¢�£²®� ´�°²®´�� �²¬¨��¨ £®²��®�¢ ¬±³¨ ±¦¡ ²��¨� ²� � �£� ´£´)©¦�¦: "§² ±¨¬" .( �¦³�

 ¬²´³� �  §² ±¨¬�£�� £²�®¬£ ´¬±� ´�¦����§££ª±¦�� §£®°²� �¦¨ , ¤¥ §�³¨� §£¬�®£³ ¦¬� 

´¨§£ª� .¦£�¨ £²¢ª¨£�« ¬¦«¨ ¦³ §£���� ¡¢³ £�´ �²�£  �¬©±��£�©�®°¨ �£´�¦��� ´� �²£���  ,

§�²�¨� ¡² ¨¨ .©��£  ©£¬ £¡�¦£± ¦³ ´£´¦ � �¨² �¬²´³� ±¨¬� �²¬¨� . �£� ±¨¬� ¦³ � �±£ª

§��±� ²¬« ¦¡ª ¤²� ��²ª¥  ,£¨£ª® £¢«²±  �±£ª ¦¬� �£� ±¨¬� £¥ ´�²³®� ´¨££± £¥ §�.  

°�ª ²��¨�� ¦³ ³�®¨� ²¨��¨ ¡¢³� £ª®¦ ¤�¨« §��´ £¨ §¬ �¦�¬� �)¤³¨�� ©�£� ��² .( �£�²ª��

� ¦³ ´£¨²´�¨��¨ª�¥¨ �£�²ª�� �²¨�� �²�¢£± ¦³ ´£ ,¡¢³� £ª® ´¬£²± ¤�´ , ¦³ �£°¢ª¨�²®

 ¦³ ±�«£²� �¨�¨���£�«� £¬¦« . ¡��¢�£«¡£§§£¨ \¨��¨� ,� £¦�¨£¢®�� £´¨�¨�¢�£²® ¯�°£®¦

�¦²��¨ ´²£°£ ,�°¨ �£�« £3:1) Wohletz and McQueen, 1984 .( §£ª�³ §£«¡£ �¦�¨ �²°££

�¢�£²® §£¬®�¨ �� �´�¡® �¨°�¬� ´�£�°²®´�¨��¨§£²¡� §££´ ,²�¢£± ´�¬£�ª �� ­�¢ £¢�²¡ ©��¥.  
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5.1 .´£��¦��£� �£²�¢«£� 

§£�¦³ �¬�²�¦ ±¦¡¦ ©´£ª §² ´¥£²� ¦³ ´£��¦��£�� �£²�¢«�� ´� .²®� �¦³� ��� ©�³�² �¦³� -

£ª±¦�� , �®£²¡ �£®²��®�¢ §¬ ¬±³ ¡´®´¨ ��)§² ±¨¬ , ²�£�36,- 1 (�²® «¥²¦ ©�¨²¡� ´�ª�²�¨ ©£� -

 £´¦ �)�¡�®ª¨ ¦´ ²� �� ��£³³ «¥²,¥  -2± "�¥£²�¦ ¡² ¨¨ ¨ .( § £ª±¦��� �¦³ ��� £ª³ �¦³

³�£�,§££ª±¦�� §£®°² ¦³ ��¬ ¤´¡� §² ±¨¬ �¦¨´¨ �� , �£²�±«� ´�¦ � §£¦¦�¥� ) ²�£�36,- 2-3 .(

 § £ª±¦��¨ ²�¬¨ ³¡²´¨ £³£¦³� �¦³�'³�£ '�¢�£²® § £ª±¦��¦¨��¨£´,²��¨� �²°�ª ��  ¯�°£®� 

¡¢³� £ª® ´¡´ , ´� §£�£¥²¨ �  ¯�°£®� �² �ª³ §£¢ª¨�²®�� §² ´¥£²� ­�¢) ²�£�36,- 4 .( �¦£��

� �¦³��¢�£²®� § £ª±¦��� §�£« ´� ¦¨«¨ £¬£�²¨��¨³�£ § £ª±¦��¦ �² ¡� £´ ,¦�± �� ´¦ � ´¡

 ²��¨� ¦³ §££�²¬¨� �£´�ª�²�¨ ¤²��¦ ²¬«) ²�£�36,- 5.(  

  

  

²�£� 36 : ²��´£´�¨£¥«§² ´¥£²� ¦³ ¤´¡� ´�¡´®´� £�¦³ ¦³ .  

1. �²® «¥²� §�²�¨� ©�¨²¡� ´�ª�²�¨� ©�®°¨ ¦���¨ §² ¬±³-£´¦ � .¬±³� ,�  �¦³�,�®£²¡ �£®²��®�¢ ¦¬� . 

2.  ´�¦ � ´� ¦¦�¥� £ª±¦�� ­°²� �¦¨´¨ §² ¬±³017 ,015 ,�-006) � ´�²��±�´´-¬±²±� .( �� ´¡¦�±³ �ª�²¡�� ´¦

 ±¨¬�)²�¨� ´�²°��� §²¢ (�ª�£¦¬ §£¨²¥ ´¦ � �£�. 

3. §² ¬±³ ¤�´� ,§£¨²¥ ´¦ � £�� ¦¬,£²�®¬£ ´¦ � ¦³ §£²�¡¨� §��� ´£²�±«¨ �¥²�¨� �£²�±« ¢�²¡ ¡´®´¨ . 

4.  ¦³ �£°±�²¢ª£�¨��¨¡¢³� £ª®¦ ¤�¨« §£¨ §¬ �,�¢�£²® ´�£�°²®´�¦ ��£�� ¨��¨²��¨ �ª�¨ ´²£°£¦� ´�£´ -

¢�£��¨²,§² ´¥£²� ­�¢� §´�� �«¥¨� §££²¢ª¨£�«� §£¬¦«� �¬� £ª±¦��� ¤´¡� ¤²� ²��¡� . 

5. � .�¥£²�¦ �²¬¨¨ ,§² ´¥£²� ­�¢� §£¨²¥ ´¦ � ¦¬ �«¥¨ ²¬« ´¦ � ¦³ ¡�¦£±. 
  � .§££¨�� §£¢ª¨£�« ¬£±³¨� §�� £�°¨ �¥�´�� £²�®¬£ ´¬±� ¦³ §��´� £¨ ¦� ©�¦¡ ����¨ ²��¨�. 

1 2 3km 

ʸʲʱ ʺʬʦʡ  
ʭʸ ʺʫʩʸʡ  

ʭʩʩʮʢʠ ʭʩʲʷʹʮ  
ʭʸ ʺʫʩʸʡ ʳʥʨ  
ʩʸʥʴʲʩ ʺʬʦʡ  
ʭʣʥʠ ʺʩʸʥʷʱ  
ʭʩʮʸʫ ʺʬʦʡ  

 ʺʬʦʡ015 ,006 ʺʥʸʧʠʥ  
ʡ ʺʬʦ017  

ʭʩʩʸʨʰʮʩʣʱ ʭʩʲʬʱ  

ʡʸʲʮ ʯʥʴʶ                                                     ʧʸʦʮ ʭʥʸʣ                                                    ʧʸʦʮ ʭʥʸʣʡʸʲʮ ʯʥʴʶ     ʥʴʶ                                                     ʧʸʦʮ ʭʥʸʣʡʸʲʮ ʯ  

ʡʸʲʮ ʯʥʴʶ                                                     ʧʸʦʮ ʭʥʸʣ  ʡʸʲʮ ʯʥʴʶ                                                     ʧʸʦʮ ʭʥʸʣ  
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5.2 .£®²��®�¢�� ´£´³´��²®� �-´£ª±¦��  

 ©�±£¢²±�� �²�£� ©¨ §££²¢ª¨£�« §£¬¦« �ª£� ²´�� ²� �� ­�³¡� ²´�£� ±£´¬� ¬¦«¨�)Mor, 

1987 .(´£²¢ª¨£�«� �¨²�®¢¦®� £¬±³¨¨ ±¦¡ §� �¦� §£¬¦« ,´´� �²¬ ¡�¦ ´� �«¥¨� - ¡�¦

¢ª�¦� . �ª�¨ ¦³ §££¨�²�� �£´�ª�²�¨¥ §² ´¥£²�¦ ©�®°¨ §££�°¨ �¦� §££²¢ª¨£�« §£®�³¡¨

©�¨²¡� .¡² ¨ §�²� ©��£¥¦ §£¬¦«� §££�¢ª �¦� ´�ª�²�¨� . ¬£®�¨ �¥£²�¦ ¡² ¨ §�²�¨� ¡² ¨¨' ©�¦¡

£²¢ª¨£�« ')�²® «¥²- ¦¬ £´¦ �£®Dafny et al., 2003 ) ( ²�£�37 .( §£®�³¡ �¥£²�� ¡² ¨ §�²��

¬�� �ª¡ ²£� ´�²�°´� ¦³ §££ª�±£¢²± §£¬¦«' �ª) ²�£�3 .(´�ª�²�¨ ¦³ �¦� §£®�³¡¨ ©£� ©�¨²¡� 

�� �¥£²�¦ ©�®°¨'£²¢ª¨£�«� ©�¦¡ '�¦ §�²�¨� ¡² ¨¨ , §² ¬±³ ¡´®´�) §£²�£�3 ,5, 9, 36 .( £ª®

­�¢� §�£¥ §£«�¥¨ ¬±³� ¦³ ¡¢³� ,§��� ,´�£�¦±¡ ´�¨���� ­¡«�,¨ §£¡��£± £ª�´ª� §¦�� ´´ -

�¬±²± ,§£�¬ §££ª±¦�� §£®°²� �¦¨ ¬±³� £¥ ´��²¦ ©´£ª . §£¡��£±P4� -P5 ,¨� �²�¡³ ¬±³�  ¥²

 ¦¬¨ ¦³ §£±¨�¬¦ �¬£��60¨  ,' ¦³ £��¬� ´�¦ � £®°² ¤²� �²�¬47¨  '�-28¨  ' �¬£�� �¦� �¨�´��

 §££²¢ª¨£�«� §£¬¦«� §¬ £ª±¦��� ­°²� ¬�¨¦) ²�£�8 .(�¥£²�� §�²�� , £¬¦« ¦³ §£®�³¡¨¦ ¤�¨«

�ª¡ ²£� , �¬ §£¬£�¨�100¨ '�¥£²�� ¦¬¨  , ��¬«¨ ¡��£± ¬£��3)  ²�£�7 (¬�¨ ¦� §££ª±¦��� §£¬¦«� 

¥ ¦³ ±¨�¬� ´£²¢ª¨£�«� ´£´³´� §¬ -200¨ ' .´��£¬¨ �¦� ´�£®°´ , �¨�±³ �£®²��®�¢�³

²´�£� �®£²¡ �´££� ²´�� £ª±¦��� ¤´¡� ´�²�¢°�¦ . ¦³ ©�£¦¬� ²¬« ¦¡ª ²� �� ¬²´³� ¬±³�

§�£� ,�²® «¥² £�£ ¦¬ ¡² ¨ §�²�¨ ¦���¨ �£��- �¡�®ª¨¨ ¤³¨ª³ £´¦ �)2± "£²�¦ ¡² ¨¨ ¨�¥ (

 �²¬¨ §�²� ©��£¥�)Dafny et al., 2003 .( §² ´¥£²� ²� �� ´£²¢ª¨£�«� ´£´³´� £¬¦«� ´�£¢ª�

 ´�¨��)´��  �¦ £¥ §� ( ©�¨²¡�³ �¦�¦)¦�²¬¨ §�²�¦� ¡² ¨ §�²� , ²�£�5( , ´� ´�¦¦�³ ©¥ ¦¬�

´�²³®�� ,£¨�±¨ ²¬± �ª£� ¬±³�³ .£�£ �²� ²�±¨ ¦¬ �¬£�°¨ ¬±³� ¦³ ´�®£²¡� .¡¨ £®�³¡¨� ��°

 §££¢«²± §£¦¦¡ §£¨²¥ ´¦ � ´�¦¨¨ ²��¨¦ §�²�¨) ²�£�38( ,´�²³®�� ´� �¦¬¨� ´£®°´ , £¥

£¢«²�± �£� ²�¨�� ¬±³� . �¥£²�� §�²�� ²�³ ¦³ �¨�£±)¤³¨�� ©�£� ��² ( ¦¬ �£¬�¦ ­� £�³¬

¬±³� ´²£°£� £ª�¢±¢ �£¥²¨  

  

  
²�£� 37 :�®¨§² ´¥£²� ²� �� §££®²��®�¢� §££ª±¦�� §£¢ª¨¦� ¦³ ´£¢�¨£¥« .  

ʤʸʴʤ ʱʫʸʤ-ʩʺʬʦʡ  
)ʩʸʨʰʮʩʣʱ ʯʥʬʧ(  

ʯʥʮʸʧʤ ʺʥʰʥʸʣʮ  
ʩʸʥʴʲʩ ʺʲʷʡ  

)ʭʸ ʷʮʲ(  

ʸʲʱ ʬʧʰ  

ʺʩʰʷʬʥʥ ʤʮʸ  
ʯʩʲ ʩʧʥʬʩʷ ʬʹ-ʯʥʩʦ  

ʩʧʸʦʮʤ ʩʰʷʬʥʥʤ ʨʰʮʠʩʰʩʬʤ  

ʤʸʨʩʰʥʷ ʺʲʷʡ  

ʬʨʰʡ ʬʨʩʡʠʤ ʱʷʬʴʮʥʷ  

ʭʩʮʸʫ ʸʤ  

ʤʣʸʥ ʬʺ  ʭʸ ʺʫʩʸʡ  
10 km  

5 km  
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²�£� 38 :§££¢«²± §£¦¦¡ ´�¦¨¨ �ª�£¦¬ §£¨²¥ ´¦ �§££ª�±£¢²± §£¢ª��²±� ) ©¨�ª±-©�²�¢( ´¥£²� ²��¨¦ §�²�¨ 

§²) 2725332/792607(.  

  

5.3 .£´¦ �� § £ª±¦���- ���£¦®�� £ª�£¦��¨�²¢«£®²���²��¨� ´²£°£ �²¬ �£ 

 ´�¡®¦ ¦³ £��¬� ´�¦ � ¤´¡ ²�¢°� §² ±¨¬�200¨  ,'� ��²�� ¦��� ��²ª� ¦¥¥)¤³¨�� ©�£� ��² .(

 ¡¢³� £ª® ¦¬ ­�³¡ �¦� ´�¦ �¨ ±¦¡)�ª�´¡´ §£¨²¥ ,�ª�£¦¬ §£¨²¥ ,£²�®¬£� ©�£  ©£¬ , ²�£� ��²5 (

 ±¦¡�- � ±²´´ -�¬±²±,³ ��  ��� ­�¢� §£¢ª¨�²®¥ �°�£¨) ´�¦ �017 ,015 ,� -006 , ²�£�9 , ¡®«ª�1 .(

 �£²�±« §� £ª±¦��� ­°²� ´�¦�³¨ ´¦ � £¡�¦£±¦ ­«�ª�)´�£ª�£¦��¨�²¢« ´�£�°²®´�(  �¬£®�¨�

�� ­�¢� §£¢ª¨�²®¥ �¥£²�� �²¬¨ §�²�� ¢�²¡¥´´-¬±²±�.  

� �¥£²�� ²� ��� £²�®¬£ ´¬±� �²¬¨ §££�°¨¦³ �£¡� ����� §£¨²¥ ´¦ � £®�³¡¨¥ -950 ¦¬¨ ²¢¨ 

£ª®§£�  ,�£²�®¬£ ´¬±� ¦³ � ¦ �¨�� ��� .¬°�¨ ,©¥ ¦¬ ,´�¦ �� ¬±³� £�¦£¨ ²¡�¦ £¥ , ¢£¦�´� �£�

¡�¢³ ²´�£ �� ´�¡® §² ¬±³ ²� ��)  ²�£�36, - 4( . ©�¨²¡� «¥² £�£ ¦¬ ©�®°¨ ²��« ¬±³�� ¡² ¨¨

 §�²�¨�–¬ £�£ ¦  ©£� ¬ª� £¨�±¨ ¬±³¨ £¬¦« ¢£¦�´1,000¦  -1,100¨  '§£� £ª® ¦¬¨) ²�£�§£ 3 ,36( .

 �²¬¨¨ ¬±³� ´� ´²��«©�£  ©£¬ £¡�¦£± ¦³ ´£´¦ � �¨², ©£� ¬ª ����³ 980¦ -1,000 �£�� ²¢¨ 

©�®° ©��£¥� ´�¦± �£�¢ª .��²ª ,©¥ ¦¬ , ��°±� �°�£� ²¬«� ¯�²¬ ¤²�  � §� �£� ±¨¬� ¦³  �±£ª�³

¬±³� ¦³ £�²¬¨�) ²�£� §£3 ,4 ,36( .§� ²³®� ,�� ¤²� £¨£ª®  �±£ª �£� ±¨¬¦ £¥ ´¥²¬¨ ¦� ´�¦ 

� ´£¢«²±´´- �� ¡¢³� ¤²�¬±³� §�²�� §£®�³¡� ¬±³¨� £¬¦«.  
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5.4 . ¦£��� ´�°²®´��¢�£²®¨��¨´£´  

� ´²�¡� § £ª±¦���- £ª±�¦�� �¬ £ª±��£¦�� ��� §�³)Weinberger et al., 2001; Ilani et al., 2001; 

Shaw et al., 2003 .(£¦® �¬ §££ª±�£¦® §� ©¦��� §££ª±¦��� §£¬¦«�§££ª±�¢«£  ,�¦¦¥��� , §£¬¦«�

�¨²� ¡² ¨ ©�®°� §££�°¨ ²´�£ §£²£¬°�, £ª±�¢«££¦® ��� § £ª±¦��� ��² §³ )Mor, 1993 .(

¦¢£�� «±¦®¨�±-¦¢ª� ,¥ £�°¨�-12± "§² ´¥£²�¦ §�²�¨ ¨) ²�£� §£2, 37( ,� �ª�²¡�¦ ¤²��´-Ar-

Ar , £¥ �°¨ª�« ´�°²®´�¨ ²�¬¨�¢� § £´¨��¨�¢�£²®¦ ´£ª�£¦��¨�²�£ª®¦ ¬²£ 100-120 Ka 

)Weinstein et al., unpublished data.(   

 ´£¡¥�ª� ����¬� ¬�±ª ²��¨� ¡² ¨� ­�¢� �«�¥¨� £¢£²±¦±� ¦�«��¦®� ¦£�) Ka15±166(, ¦���¥ 

�¢�£²®� ¬�²£�� ¦£�¦ ©�£¦¬¨��¨£´ ,��°££¨� ­�¢� ´¨��� ¦£�´ ²¬« ¡�¦£± ´� )Ka 13±115( , ¦���¥

©�´¡´ . �£°«£ª¨�¦� £¦£� ¤´¡¨� £²±£¬� ¤´¡� ©¨ ­�¢ ´��¥³ ³�¦³ ¦³H7 , ���¢ �¨�´� ��²� �¦

´�¨��±� ´����¬�� �£®²�£¢²¢«� ´�¦��¨ §¬ . ¦³ ¦ª�£«� ¦³ �¦¨ �¦ «�®£�¦ «¡�£ �¨�´�� ²«�¡

­�¢� ¯²��±� £²�²� ,� ����¬ ´�³££´¨�¢�£²® ´�£�°²®´� ´�£� §¬ �®£¨��¨ ´�ª££®��¨ ´�£´

 ´�¥�¨ª ´�²�¢²®¨¢�)Schmincke, 2004.(  

�¢�£²® ´�£�°²®´�¨��¨ ¤³¨�¦ ´�£�³¬� �¬�¨ ´�²°±¥ ´�ª££®��¨ §² ´¥£²�¥ ²��¨ ´�²°�£� ´�£´

¨¥ �¬ §£¨£ ²®«¨ -15 �ª³ )Lorenz, 2007 .( ©£�� §£¦�«��¦® ��°¨ª �¦ §² ´¥£²� ¦³ ­�¢� ­°²�

��³¡¦ ��£«,²�¨��¨ ²´�£ ¤�²� �´²£°£ ¤³¨³  .�¢�£²®� ´�£�°²®´�� ¦£�¦ §£¨«¡� £ª³��¨¨ ´�£´

²� �� ©¨ ´�¨��±� ¤�²�£´� ´����¬ §¬ �¡� �ª±� §£¦�¬)  ²�£�39( �� ©¨ � ©�¦¡ ´� §£¨°¨°¨� 

£¬�²£�� �³¡²´�§�¢�£²®� ¨��¨§££´,¦ -80�ª³ ­¦�  ,©£�³180 Ka  (166±15 Ka)� -115±13 Ka) 

100 Ka .(²�¨�¥ ,�¢�£²®� ´�°²®´�� §� �¬²� � � ©¨ � ±²® ¦³ �®�«�¨��¨ «±¦®¨�±� ´£´

��¦¢£-¦¢ª�.  

¦¢£�� «±¦®¨�±¦ �¨���-§² ´¥£²� ²��¨¦� ¦¢ª� ,´�£ª±¦�� ´�¥²¬¨ ³¨¡ ´�¡®¦� §�, �¡´®´�³ 

�£ª¨²��³ £�²¬¨� ¦®£�� ��³� §£±´¬� ¤²��¦ , ´£ª�£¦��¨�²¢« ´�¦£¬®¨ §£²�¬¨ �³¡²´�

�¢�£²®¦¨��¨´�� ¦¬ ²��¨ ¡´®´�³¥ ¦�¬®¦ �¦�¡ �£²�±«� £¦´� ´£´�ª � ´¥²¬¨ � . £¥ ©¥´£

�¨��¨ �§£¥�¨«� �£²�±«� £¦´ ´� �ª£ �³,ª ®¡� ´¡´ ¯¡¦� ´�£²£¨ ��°�´¥ ²��¨� ¦� �

 �¨²¢�£�� ´�²´¡´� ´��±¬� ²��¨�)Lorenz, 2007.(  
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115

108

140

223

215

166

ʸʲʱ  ʺʬʦʡ ʤʧʬʷ ʥʩʬʲ ʳʥʨ

 (Mor, 1993 )  ʸʲʱ  ʺʬʦʡ

 ʬʩʢʬ ʤʩʶʬʥʴʸʨʱʷʠ
  ʯʥʹ ʠʸʤ ʩʮʢʠʤ ʨʰʮʩʣʱʤ

 ,Ehrlich and Singer )
 (1976ʺʩʠʩʸʥʷʱ  ʬʥʱʥʠʬʴ

ʺʩʨʩʸʷʬʷ ʬʥʱ ʥʠʬʴ

 ,Goren )  ʤʰ ʥʩʬʲ ʭʩʮʸʫ
 (1983

050100150200250300

O S L Age s in  Ka

80 Ky

 
²�£� 39 :£�´£´¨�¨�¢�£²®� ´�°²®´�� ¦³ §££¦¨£ª£¨� §££¦¨£«±¨ §£¦ , �¨�±³ ´��£¡£ ¤�²�´ £�£ ¦¬ �¬�±ª³ £®¥

 ´�°²®´�¦)§���(, §££´¨�¨�¢�£²®� §£¬±³¨� ´� ´�«¥¨� �¦�¥�)±�²£( ,�¨�´��.  

 

5.5 .§² ´¥£²� ²��¨ ¦³ �£��¦�ª±¦��� 

�¢�£²®� ´�°²®´�� ¦¬ �² ¬�£¨ §£¦£¥¨ ­�¢� £¬±³¨¨��¨´£´ . ´¨°�¬ ¦¬ �£¬¨ ²�²�� ¦���

 ¯�°£®� ´£�²ª�� �£°¢ª¨�²®�)Zimanowski et al., 2003; Wohletz and McQueen, 1984(,²� £®�  

�°²®´�� £®��� �¦���� £ª�ª�ª¨ ¦¬ §£�£¬¨ �´��²� ´²�°� ­�¢�´ .­�¢� §£¢ª¨�²®� ¦³ �£��¦�´£¦� 

¯�°£®� ±¨�¬ ¦¬� �¨²¢�£�� ¦¦¡ ´� ��£¥²�³ �£��¦�´£¦� ¦¬ ��£¬¨ . £��¦�´£¦� ¬�£¨� ´���³�

²� �� �£®²�£¢²¢«� §¬ ­�¢� §£¢«�¦±� ¦³ , ´�£�°²®´�� ´�¨°�¬� £®�� §¬ ��¦£³�

�¢�£²®���¨¨´�£´ ,§² ´¥£²� ¦³ ²��¨� ´� ��°£¬� �²°£³ ´�¬²��¨� §£¥£¦�´ ¦³ £��£  ´²³®�¨.  

5.5.1 .§² ´¥£²� ­�¢  

 ¦³ ¡¢³� ­�³¡ §² ´¥£²� ­�¢1.15¨± "² ,²��¨� ¦³ §££ª�°£¡�� §££¨£ª®� �£´�ª�²�¨ ¦¬ . ¤´¡

 ��¨ª³ ²´�£� ��¬� ­�¢�– 46 ²¢¨ –��¨� ¦³ £¡² ¨ §�²�� ��£°� £¨£ª®� ©�²�¨� �°¨ª ² , ��¬�

 ¦¬ §£¦�¬  §ª£� §££«�®£¢� §£¥´¡�10²¢¨  .�¬ ¬£�¨� ¦���¨ ­�¢� ¦³ �²� £®¥ -1.2± "  ¥²¨¨ ¨

²��¨� ,¦¬ ´�¨�¬ £¦¦¥� �¡®ª¦ ´£ª²¨³ �¥²¬�� 0.01± "�±�¬¨ ¨ .�¬ �ª£� �  ¡®ª�¦ §¬ �¡� �ª±� 

²��¨� ¦³ ²��� ²«¡� ¡®ª� ¦¬ ´�««�´¨� ´�¥²¬� . ¦³ ����� ��¨¬ ¡¢³� £ª®³ �¡ª��950¨  '

¬¨§£� £ª® ¦,§££¨��� §£¢ª¨£�«� £�±£ª��  , ±¨�¬� ²�� ¦�±´¨110¨ ')  ²�£�40, H-h .( ��� �  ²��

²��¨ «±¦®¨�±¨ ±¦¡ -�¨²¢�£� , £®¦�Lorenz )1986( , �±¨¬)�¨²¢�£�� ³²�³ , ²�£�40 ,H (

 ¢�²¡� «£«� ²¢�±¦ �¨��� £¦ª�£°²�®�²®)²��� ²¢�± , ²�£�40 ,2R .(± ¦¬ ««�´¨� ��³£¡� «£«� ²¢�

 ¦³1,000¨  ' ¦³ ¢�²¡ ¡®ª ¦�±´¨0.26± " �±�¬¨ ¨)¤³¨�� ��² ( ²�� ¡®ª�)²«¡� ²¨�¡� ( ¦³0.073 

±"�±�¬¨ ¨ . §£���¨ ��£�«� ¬¦« ¦³ §£¢ª¨�²®� ´�£�75% ­�¢� ¦³ ²¨�¡�¨ )´��°�´ ±²® , ­�¢

§² ´¥£²�( ,¡®ª³ £²�£°�²¨ ­�¢� �¥²�� �£�«  ´�£�¦ ²�¨� 0.091± "�±�¬¨ ¨ .�  ¡®ª  ­� �°¨ª

´�²¡� ´����¬ §¬ �¨¥«�� .�¨���¦ , £®¦Mertes )1983(,£ª±¦��� ²¨�¡� ¦³ ¡®ª� ¢«�¦± ¢¦®ª� £

 �²¢�±³ ²��¨¨1± " ��� ¨0.1  -0.075± "�±�¬¨ ¨ . �¥²¬³ ����¬�Németh et al. )2000( ¦¬ Tihany 
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East Maar�£²�ª�� �²¬¨�³  , ¦³ �¢£¦® ¡®ª �³�¡0.11± "� �¦���³ ²��¨� �±�¬¨ ¨ ¦³ � ¦ �¨�

§² ´¥£²� .  

�ª£� §² ´¥£²�� �°¨ª³ ´£´�¬¨³¨ ©¢±� ­�¢� ¡®ª,��²ª� ¦¥¥ ,£¨�±¨� ¢£¦�´� ¦³ ��°�´ , 

´�¡�¦³� ©¨ �´²«�¦ �£��³ .­�¢ ¤´¡ ¦¬ ²¬« ¡�¦£± �«¥¨ ²��¨¦ ´£�²¬¨, £ª³¨ �¦¬¨¦ �£��¬³ 

 ²¢¨) ¤´¡H6 §£²�£� 7 ,017( ,©�¨²¡� ´�ª�²�¨ ¦¬ ²��¨¦ ©�®°¨³ ��¬� , ±¡²¨�  ¥²¨¨ �¨��

²��¨� ,¦¦¥ ­�¢ £�°¨ �¦ .²��¨� �£�« ¡¢³� ,§££¨£ª®� �£´�ª�²�¨ ´� �£°��¦ , £�£ ¦¬ �¦�¥  ±�ª¨

��� £��� �¦��£� ²¬« ¦¡ª-�£¬« . ´�ª�²�¨ ¦¬� £²�®¬£ ´¬±��  ��²�� ­�¢ ¦³ ©¢± �¦ ¡®ª £¥ ²£�«

©�¨²¡� ,�²®� «¥²� ¦¬ §� �¨¥-�¥£²�¦ ¡² ¨ §�²�¨� §�²�¨³ £´¦ � ,«�� � � ¦¬ ¦���� �£ �²£�� ²

¬±�� ¦� ²¬« ¦¡ª £�£.  

  

²�£� 40:  ¢�¢²³´�¨£¥«²��¨ �ª�¨ ¦³ £-�¨²¢�£�  .R –¦¬ �¨�¬ ²��¨� ¬�¦ «�£�² ¥ -500²¢¨  .H – ±¨�¬ 

�¨²¢�£�� , ¥� ¤²¬�¨1,000 ²¢¨ )«�£�²� ©¨ §££ª³ £® .( §£¡��£±P8� -Masada 3 §¨�±£¨ ´¥²¬� £® ¦¬ §£ª¨�«¨ 

�¨²¢�£�� ¦¦¡�.5.5.4 .�¨²¢�£��� ²��¨�  

  

5.5.2 .´�°²®´� ´�¨°�¬  

§£¨ «¡£�\¨��¨�£°¢ª¨�²®� ´¨°�¬ ´² �ª �ª¨¨� ´�°²®´�� ´¨°�¬ ´� �£´¥¨ � , ¯�°£® ²³�¥

 �£°¢ª¨�²®¦ �£�¨ ²´�£ §£¦�¦£¬£ ­�¢�� ²®�� ²´�£ §£±� §£¢«�¦±¦� �)Sheridan and Wohletz, 

1983; Kueppers et al., 2006; Zimanowski et al., 2003 .( ²�²�� ¦��� ´°�®´� £�ª£³� ´�¨�¨ ¡�´£ª¨

§£²� ¡¨ £ª³ ´�¡®¦ §£��² £²±£¬� ¤´¡�§£²�²�  ´�°²®´�� ´¨°�¬� ��£²£� �£¦¬ ¦³ ) ²�£�29 .(

�ª�³ ´�°²®´� ´�¨°�¬ £¦¬� §£�¦³ �³£¨¡ ¤´¡� : ©�³�²� §£�¦³�)0-9²¢¨  ( £³£¦³��)12-29 

²¢¨( £³£¨¡�� )44-45²¢¨ (²�²� «� ²¨�¡¨ §£�¥²�¨ , ��¬� ³ £ª³�)9-12²¢¨  ( £¬£�²��)29-43²¢¨  (

-¨ ²�²� ±� ²¨�¡.�£� §�� £³£¨¡� �¦³� ´� ����¨ ¤´¡� ���¨ª³ ²´�£� �ª�£¦¬� ��¥³� ,²�¨�¥ , 

 ´�¥²�¨¨²�²� «� ²¨�¡ . �¦� §£¦���²�²�� ¦���� , §££�ª£³¨ §£¬��ª�°²®´� ´¨°�¬�´�,§£®±³¨ , 

��²ª� ¦¥¥,�� §£¨� «¡£� §££�ª£³ ¨��¨� ¯¡¦� §££�ª£³ ¦¬ �£¬�¦ §££�³¬� �¨��¨�, ´±£®«� �� 

�¨²¢�£�� ¦¦¡� §£¦¡¦¡¨� §��´� £¨.  

r

R

h

H-h

H§2R 

P8  

Masada 3  
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�¢�£²® §£¥´¡� §£²��´¨ �£²¢¨�¦�ª²�� �� �£°¢ª¨�²®� ´¨°�¬� §££�ª£³¨��¨§£�² §££´ , ´¨���

Narko¨y maar�£¦�¢ª�  ¥²¨�³ ) Gevrek and Kazanci, 2000( ,Crater Hill �ª¦£  �£ª�³ )Houghton et 

al., 1999( ,Tihany East Maar �£²�ª�� �²¬¨�³  )Németh et al., 2000(� -Ukinrek maars �±«¦��³ 

)Self et al., 1980( . �ª�¥¨� ¬�¦�"The Crater"�ª¦£  �£ª ¦³ £¨�²�� £�� ²³� , §£²�¬¨� §£³²�®¨ 

ª£³¥ ¤´¡� §££²¢¨�¦�ª²�� ´�°²®´�� ´¨°�¬� §££�)Németh, 2000( .�-Atexcac crater ¡² ¨�³ 

 ¦³ ²��¨ ´¢£¦® ¤´¡ £�°¨ �±£«±¨60²¢¨ ,§£¬¢±¨ �¬�²�¦ ±¦�¡¨�  : ²�²� £«� §�¨ §££ª³

 §££ª³�- ²�²� £±� .�� §£¨� ¦³ «¡£� �±£®« ££�ª£³¥ §£³²�®¨ �¦� §££�ª£³¨��¨ ´�°²®´�� ²´�� �

)Carrasco-Núñez et al., 2007 .( ¤´¡� §££�ª£³� §� ¦³ £¢«�¦±�²£®�Capelas tuff cone ¦�£¨ ©�«�³ 

)§££²� �� §££�� �¦®£¥²�(, ¦ §£«¡�£¨�� §£¨� £«¡£� §££�ª£³¨��¨ §££ª±¦��� §£°�°£®� ¦³ �

¤´¡� ´� �²°£³) Solgevik et al., 2007(.  

5.5.3 .´�£�°²®´�� £®��� �¦��� £ª�ª�ª¨ 

 ¦��¨ ´�£´¨��¨�¢�£²® ´�£�°²®´��§£ª®�� £ª³� £¢«�¦±£ª±¦��� ²¨�¡� ²±£¬ . ��� ©�³�²�

 ´�°²®´� £ªª¬� ¦¬ ¦� ´�¨¨�²´��)eruption clouds( ,� ©ª¬¥ §£�²ª� £¥ª)«�¦�¨�± ©ª¬ ´¨���  (£ª³�� 

 §££ª±¦�� §£¦�³¡ª�)base surges( ,¬±²± ��¨° ¦�³¡ª¥ §£�²ª� ,¬�² ¥ ´�°²®´��  ¥²¨¨ �°�£�, �� 

 ´£¦�£�² ´¬�¢¥)Fisher and Waters, 1970 .( £��¬� ´��¥³� ´ª££®��¨ ´�°²®´� ©ª¬¨ ²¨�¡ ´��²�

�£¡� .§£¦��� §£¢ª¨�²® ´�¡£¥³ , §�£´¡´ ´��¥³� ­�®£¥� §£��¦¨�)impact sags ( ¢ª¨£�«�

£´¨��¨�¢�£²®� , ¦³ ©�ª�ª¨� ���²� ¦¬ ��£¬¨Fall) Gençalio÷lu-Kuúcu et al., 2007 .( ²¨�¡

�´¨ §££ª±¦�� §£¦�³¡ª� ��²�¨�£��¬ ££�ª£³ §¬ ´�±� ´��¥³�� §£¦��� §£¢ª¨�²® ²�¬£�� ©££® ,

£¢ª�- ´�ª�£� �¦�° ��¥£³�� �²��¨)Lorenz, 1970; Fisher and Waters, 1970; Gençalio÷lu-Kuúcu et 

al., 2007()  ²�£�16(.¥� §£¦��� §£¢ª¨�²® §££�°¨ �¥£²�� ¡² ¨ §�²�� £²±£¬� ­�¢� ¤´¡� -43% ©¨ 

 ¤´¡�)�¦� ¤´¡� ©¨´��¥³� ©¨ ( ,¥��-14% §£¦�³¡ª ´�ª££®�¨� ´�²�¢±�²¢« ´�£�°¨ ¤´¡�¨ 

§££ª±¦�� . §£¦�³¡ª ¦³ §£ª££®�¨� ´��³�ª ´��¥³�¨ ´£°¡¨¥�)7%¤´¡� ©¨  ( §� §£¬£®�¨

§£¦��� §£¢ª¨�²® , ­�¬¨� �� ´�°²®´� ©ª¬¨ �²£³ ²¨�¡ ¦³ ���²� ¦³ �¦�³¨ ©�ª�ª¨ ¦¬ §£�£¬¨�

 £ª±¦�� ¦�³¡ª ¦¬ £¢«£¦�) ²�£�41.(  

£²±£¬� ¤´¡� ,²��¨� ¦³ §££¡² ¨ §�²�� §££¨£ª®� �£´�ª�²�¨� £�°¨� , ©£� ���¢ �¨�´� ´¨££±

«� «±£²¢¨ ´¬®��,¦  ©£� §£¦��� §£¢ª¨�²® ´�¡¥�ª) <30¨ "¨ .(´¡� ��£²¡ ¢¬¨¦ , §££�°¨

§£¦���� §£¢ª¨�²®�  «�� ²�²�� ¦³ £¦±³¨� �±¦¡ ©�� ´��¥³� ±² )4-30¨ "¨ ( ¦¬ �¦�¬13% ©¨ 

¨�¡� ­�¢� �ª�� ²) ²�£�29 .(´�  ´¨�¬¦ , ²��¨�  ¥²¨¨ ²´�£ ±�¡² �¥²¬ª³ §£¥´¡�)H-6 �¬ H-9( ,

²��¨� ¦³ §££ª�°£¡� �£´�ª�²�¨ ¦¬ , §££�°¨ ©�� ´��¥³ ³¨¡ ¤�´¨ ¬�²�� §£¦��� §£¢ª¨�²®

�ª¢± �«�� ´£¦±³¨� �£°±²®�¨ -13%)  §£²�£�28 ,29 .( ´£ª¨  �� ´�¦£¬® ¦¬ ´��£¬¨ �¦� ´�£®°´

¦³ª¨ §£ª�³ �¦��� £ª�ª� . �£�¨ � ¬ �¨°�¬� ¯�°£® �¡¨ �£°¢ª¨�²®¦¦£¬£ �)Zimanowski et al., 

2003( , ´£«¡£ ±� ²®� ²°�ª ��³ ��¬� �² ±¡²¨¦ §£±² ª §£¦���� §£¢ª¨�²®�) ¦³ �£°�£°�«��

 §£¥´¡� §£«�� §£¢ª¨²®�� ±�� ­�¢�H6 �¬ ,H9 ²�£� 41� .(´�  ´¨�¬¦ ,°�ª ± ¡ ´�¡® ¯�°£®�² )1 (

�¢� ´£«¡£ «� ­) 2 (��  ¥²¨¦ ²´�£ ��²± §£¦®�ª §£¦���� §£¢ª¨�²®� ´�°²®´)£²±£¬� ¤´¡� , ²�£�

18.(  
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´�¡¥�ª��  - ¦³ ´£ª¨  £¬±³¨Surge  §£¦��� §£¢ª¨�²®��¢�£²® §£²´�� �²��´¨��¨§£®«�ª §££´ ,

 §�£ª£�Cora maar �£¥²�´�³ )Gençalio÷lu-Kuúcu et al., 2007(� -Neapolitan Maar£��³ �£¦¢ .

©�²¡�� ,�¢�£²®� §£¬±³¨� ¦³ ©�´¡´� ¢²®�¨��¨ ¦£¥¨ §££´13 ´´-´��£¡£, £¬±³¨¨ ´��¥²�¨� 

Surge� -Fall� � �  §£�¦�³¨�  .´£²¢¨�¦�ª²�� ´£®²�£¢²¢« ����¬ �¥²¬ª ²´��, £¥ �¬£°¨� 

 ´���� ´�°²®´�  ´£ª¨  �� �¦��� £ª�ª�ª¨ £ª³ �¦£¬®�)Wohletz et al., 1995.(  

  

²�£� 41 : ¦³ �¦��� £ª�ª�ª¨ §£�¦�³¨ §² ´¥£²� ¦³ §££¢«�¦±�²£®� §£¢ª¨£�«�fall� -surge , ´¬®�� ¦¬ §£�£¬¨�

¨� £ª³ª�ª�ª´�£�°²®´�� ¤¦�¨� ´£ª¨  �� §£ . ´£«¡£ §££´¨°�¬ §£°�°£®)� ( ´�²°���¦� ²´�£ ���¢ �£°¢ª¨�²®¦ ��£��

²�²� ±� ­�¢´£«¡£ �² ±¡²¨¦ §£¦��� §£¢ª¨�²® ²� £®¦�  , ´�´�¡® ´�¨°�¬� §£°�°£® ��¬�)� ( «� ²¨�¡� §£ª££®�´¨

� ´£«¡£�´�°²®´�� �±�¨¦ ¤�¨«� ±² §£¦��� §£¢ª¨�²® ´°�®´.  

  

5.5.4 .�¨²¢�£��� ²��¨� 

�¢�£²® ´�£�°²®´�¨��¨¨ ¤�¨ª £¢¢«�´£¦ ¯¡¦� ´�³¡²´¨ ´�£´-30 bar, §£���² §£±¨�¬� ²¨�¦¥ 

¦³�¬ ¥ -120 ²¢¨ )Lorenz, 1986, 2007.( ��£« ©£� ¡£ª�¦ �£� ´�°²®´�� ©¨ � §��´� £¨ «¦®¨³ 

²´�� §�£¥ £�°¨� ���²� «¦®¨�¨ ´£´�¬¨³¨ �ª�³.¯�°£®� ±¨�¬ ¦�� ¬�²�� ´�¡´®´� §¬ , 

� §¬ §³�®¨ ´±¨¬�� �¨²¢�£�� ¢�²¡� §£¨� ¦�¡¦¡¨ ��°�´¥¨��¨�¦�¬� � .¦¬£ ¯�°£®� ±¨�¬ ´£

 � ´� �¦£��¨�¨²¢�£�� ´�� �£¦¬¨³ ±�«£²� ²� .�¨²¢�£�� ¦��£�¦ §£�£�¨ ²��¨� £¦�³ ´«£²±� 

�¥�´ ¦� §££¨£ª®� �£¦�³ ¤²¬� ¦³ «¡£ ¦¬ �²£¨³ ¤�´ 1:1 �¨²¢�£�� ±¨�¬� ²��¨� ²¢�± ©£� 

 

 

ʠ  

ʡ  
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)Lorenz, 1986 .(¤¥£®¦ ,©´£ª ¯ª²�¦ ¦³ ¦��¨� ¯�¨£� ¤�´, ²��¨ ¦³ ´�°²®´�� ³´¥¨ ²¢�± £® ¦¬ 

 §² ´¥£²�) ³´¥¨�¥£²�� ´®³ �¦� ´�°²®´��(,¥� �¨²¢�£�� ±¨�¬ ´� ¤£²¬�¦ -1000²¢¨ )  ²�£�

40 ( �¨²¢�£�� ¡®ª ´��)¢�²¡ ¡®ª ´���³¨:
3

2 hrV S
  (� -0.26± "�±�¬¨ ¨.  

 ³®¡¦ ³£ £¥� ´£��³¥¬� �¥£²��  ¥²¨¦ ��²± ²��¨�  ¥²¨ £¥ ¬£°¨ ²��¨� ¦³ £²¢¨£«� ²�´¨�

�  ���±ª� �¨²¢�£�� ³²�³ ´� . ��¬«¨ §£¡��£±3� -P8 ²��¨� ¤�´� §££�°¨ ) ²�£�7 .( ¡��£±

 ��¬«¨3²�� ¦³ £¨�²�� �°±� £�°¨ £�¥ , ´£²¢ª¨£�«� ´£´³´� ¦� ²��¬� £ª±¦�� ¤´¡ ¤²� ²��¡

)�¨²¢�£�� ¢�²¡¦ ¯�¡¨  -  ²�£�9 ( ¦³ ±¨�¬�200²¢¨  . ¡��£±P8 , ²��  ¥²¨� £�°¨�£�¥ , ¬£�¨

 ¦³ ±¨�¬¦186 ²��¡ �¥²��� ²¢¨ 88²��¨� §�� £¬±³¨ ¦³ ²¢¨ , 58 §£¬¦« ¦³ ²¢¨ 

�²£®¢«�¦±§££ � 40�´£´¡´� ´�¦ � ¦³ ²¢¨  . ¡��£±��¦� §£ª£¬¦� §�� �¦ Cuttings  ��¦� �³±�

 §��� ±�¨¬� �±¦¡ §� ¬��±¦¨ ´�±«�²¨ ´�¦ ��¨²¢�£�� ¤�´, �¨²¢�£��¨ �°�£ ���³ ��  ²��¡�

 £ª±¦��� ­°²� ´��£�«¨³) ²�£� §£9, 40 .(¤¥ �� ¤¥ P8´£²¢ª¨£�«� ´£´³´� ¦� ¬£�¨ �ª£� .  

�¨²¢�£�� �²�¡ §´�� ��£�«� £¬¦« ±«²¨ ���²� �¥²�¨ ­�¢�. ��� §² ´¥£²� ­�¢ £¥ ����¬� 

´£«¡£ ²£¬° ¬¦« ,´�°²®´�� £¥£¦�´ ¡�´£ª ´²³®�¨ ,�¦����� �£°¢ª¨�²®�, ¦³ �¬²®� �¦¦ 

§£²¡��¨ �£¦� £¥£¦�´ . §² ´¥£²� ­�¢�³ ��£�«� ¬¦« ±«² ´££°±²®)¥75% ­�¢�¨  ( ´�¥²�¨

�� §££�°¨ ©¥� ´¦ � ¦³ ±«²¨ ²±£¬�¥ -5 wt% £¢ª��²± ²¨�¡ )8%¬¦«� £²�³ ¦�¨²ª ²¡�¦ ¦ -100% (

¥�-1%  ¯²��± £²�²� ¦³)´��°�´ ±²® ��² ,§² ´¥£²� ­�¢ ,¢ª��²± ´¦�¥´ .(¢ª��²±� ²¨�¡�£ ,

´�¡® �£¨¬� , ´£´�¬¨³¨ �£°¢ª¨�²® ²�¬����²¬£®�¨  ´£´£«²¡� �£°±²®� .  

¬£°¨ ¤´¡� ¢ª��²±� ¢�¬£¨� §££´¦ �� §£¢ª¨�²®� ´¢£¦³§£, �¨²¢�£�� ´²��¡ �´�� ¤´¡� ��²³ 

£ª±¦�� �ª£� . ¢�²¡ ´���³¨� §£¥²¬� ´�°� ¦³ ¢�²¡ ±¨�¬ ´¡ª��1000 ²¢¨  ©£� ¬�¨� £¥ �¦¬¨

 §££ª±¦��� §£¬¦«�) §£���¨�91%�¨²¢�£�� ¡®ª¨  ( §££²¢ª¨£�«¦)9%�¨²¢�£�� ¡®ª¨  ( �°¨ª

� �  ²´��¦³ ±¨�¬¥  -550 ²��¨� ´®³¨ ²¢¨ )400¨  '§£� £ª® ¦¬¨ .(  

´£²�ª£¦ �¦ �¨²¢�£� ¡£ª¨� ��³£¡ ,�¨�±¬ ²¡� ´��±�¬ �£´�ª®�³ � ¥²´�£ �¦�¦´ )  ²�£�42( ,¦¡£¯ 

 ���² ¬�¨ ±¨�¬£²¢ª¨£�«¦ £ª±¦��� ­°²� ©£� ²´�£ . ³²�³ ´�²�´¨ �£´�ª®�³ �¨²¢�£� ¢�²¡�

¥ ¬�¨� ±¨�¬ �£�£ £¬��£²-380¨ ²¢¨ ²��¨� ´®³ , ³¦�³¨ ³²�³ ´²�°� �£´�ª®�³ �¨²¢�£���

§££²¢ª¨£�«�� §££ª±¦��� §£¬¦«� ©£� ¬�¨� ±¨�¬ �£�£¥  -290²¢¨  ) ²�£�42( . �¦¦� §£±¨�¬�

 ¦³ §££®²��®�¢ §£³²®� ¦¬ §£�¨¦¨400-650¨  ' §�²��³ §££²¢ª¨£�« §£¬¦« ´�£�ª�� ´�¬��� ©£�

²��¨� ¡² ¨�)  ²�£�5(,¨£�«� ¤´¡� ³�² ©£�¦ �´£´¡´� £²¢ª ,©¥¦� £ª®¦ ²´�£� ­£²¡ ¬�®£³ §�£± ¦¬ 

´�¦ �� ¬±³� £�¦£¨.  
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²�£� 42 : ´£²�ª£¦ �¨²¢�£� ¦³ ´£¢¨¥« ��°�)��²�( , £¬��£² ³²�³ §£²�´¨� §£¬�®£³ §¬ �¨²¢�£�)¦�¡¥ ( �� � ¥�

 ³¦�³¨ ³²�³ §£²�´¨ §£¬�®£³�)§��� .(¬� ´� §£ª¨«¨ §££±®�� §£�±�³ ¡®ª £�°¨ �£´¡´ ±¨� ¦% 10 ¦¥ ´£´¡´¨ 

´�¨²¢�£��¨ ´¡�.  

�¡ª�� �¬°�� §£ª�²¡�� §£��³£¡�,� ±�¨¬ �°¨ª� £²¢ª¨£�« ¤´¡¨ ² �ª ¢ª��²±� ¦¥³ ´´ -¬±²±� ,

��³� �ª£� £´¦ �¦ £²¢ª¨£�«� ¤´¡� ©£� ¬�¨�£±® .�ª�³ �ª£� §² ´¥£²� ¦³ ²��¨� ´��£°¨� .

 �¥£²�� £¦�³� §£®�³¡ §££²¢ª¨£�« §£¬¦«§££¡² ¨�� §££¨�²�� , ¦³ ����¦ §£�³ª´¨ ­��100¨  '

)1,070¨  '§£� £ª® ¦¬¨ (²��¨� ´®³¦ ¦¬¨ .�¬£°¨ �  �ª�¨´, §²´ª ­�¢�³ ¢ª��²±�¨ ±¦¡ ´�¡®¦ £¥ 

²��¨� £¦�³ £�£ ¦¬ ,�¨²¢�£�� ±¨�¬¨ §²´ª� ¢ª��²±� ¦³ �£°±²®� ´� ��£²�¨� ´�²³®� ,

ª±¦��� ¤´¡� ¦³ ²´�£ ¦��� £��¬ �¬£°¨ �¦£¨¨�§² ¬±³� £ .  

 �¨�²´ ¦³ �¬°��)��¦¨ �� ´£±¦¡ ( ¢ª��²±� ²� £®³ ´£®°´� £�£ ¦¬ ´¥¨´ª §££¦�³�¨ ¢ª��²± ¦³

 £²±£¬� ­�¢� ¤´¡ ¤²��¦ �ª´³¨ �ª£�� ¢¬¨¥) ²�£�25( , �´£� ±¨�¬�¨ �¨�²´ ¦³ ´�£¢ªª£¨�� ©¥³

 ´±¨¬�¨ ��°�´¥ ¤´¡� �£¦¬� §¬ £¢ª��²±� �£¥²¨� ´££¦¬� £�¢£� £�£¦ ���¦ �¥£²° �¨²¢�£��

©¨ � .´��¥³� £´³ , �����4�  -12¤´¡� ´£´¡´¨ ²¢¨  , ¢ª��²±�  �¥£²� ´�£¦¨�ª� ´��²¨�)16%�  -

14%£¦±³¨  ,�¨�´�� , §£²�£�25 ,29( , ´��¦´³¨§££¦�³�¨ �¨�²´ ¦³ ¦��¨ §¬ ²´�£ ��¢ ©� §� ,

´£���´¨� �¨²¢�£�� ¤�´ ¦� ´�¢¢�¨´� £¬�²� ´��°££¨ §´«� ©¨�.  

�£�£¢ª²¢¦� ²�« ¦¨��¢�£²®� §£¬�²�� ´¦£¡´� ²�¥ §££²¢ª¨£�« §£¢ª¨�²® ´��°¨��¨ §££´

���,£²¢ª¨£�«� ¤´¡� ±¨�¬� �¬²� §£ª�³�²� §£°�°£®�� §£¨� §¬ �£°±²¢ª£��³ , ¯¡¦ ´¡´ 

�  ±¨�¬� £¢¢«�´£¦� ¯¡¦�¨ ¤�¨ª� . £¢«²± ¦¦¡ ¦³ �¨�£± £�£ ¦¬ ²³®�´�¦ ¦�¥£ � ¥³ �°¨

±¨�¬� . £¢�£²® £¢«²± ¦¦¡)®¨ ´¡´ £�°¨�§��´ £¨ «¦ (£¢¢«�²�£� ¯¡¦¦ ©�´ª �£�£ , ��� �¥²¬³

£¢¢«�´£¦� ¯¡¦� ©¨ ³£¦³¦ ��²± ,�¢�£²® ¯�°£®� �£°±²¢ª£� ²³®�¨�¨��¨ ¦³ ±¨�¬� £ª�³�² £´

300-400²¢¨  .�³¬¨¦ , ¦³ �£°±²¢ª£�¨��¨ §£±¨¬� ­� ´�²±¦ �£�³¬ ´£¢«²± ´¥²¬¨� §£¨ §¬ �

²´�£ §£¦��� ,�¨���¦ :Peperino Albano¦¢£��³ �£ , ¦³ �£°±�²¢ª£� ´��±¬� ²�¬¨� ³¡²´� §³

¨��¨²®£��±� £¨ §¬ �¦�¬ �,¥ �£�°¨� ´£¢«²± ´¥²¬¨� -1± " ¡¢³� £ª® ´¡´ ¨)Funiciello et al., 

2003; Giordano et al., 2001 .(²� �� §££¢ª��²±� §£¬¦«�©¥� §² ´¥£²�  ´�£¢«²± ´�¥²¬¨ ´�²¥�¨ 

´�¡´�®¨ .´£¨�±¨ ´£¢«²± ´¥²¬¨ £¥ ­� ©¥´£ ²��¨� §�²�� ­�³¡� ±´¬�� ²�³£¨ ¦¬ �¡´®´� 

)�  ±²® ¤³¨�� ��² .(� ´¬�ª´¦ ­�¬�¨ �£´ª ´���¦ £�³¬ ±´¬�¨��¨ ���¢ �£°±²¢ª£� ²³®�¦� �

£¢«²±� ¦¦¡�³ §£¨� §¬.  
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£¢ª��²±� ²¨�¡¦ ­«�ª�,�² �ª³ ¯²��± £²�²� ¦³  �¡� ¤²¬� ­�¢� £�°¨  ,��²ª� ¦¥¥ , ¬£¢± ´²�°´¨

 ©�´¡´� ©�±£¢²±� ©¨)£� ²�3 .( ´�¥³ ±¨�¬¦ �¨²¢�£�� ´²£�¡ ¦¬ ��£¬¨ ¯²��±� £²�²� ´�¡¥�ª

§�¦³ ²�±¨� .¢ª��²±� �¨¥ ,²� ±² �¦� ¤´¡� ¤²��¦ §£¬£®�¨ ¯²��±� £²�²� §�¨�� . �  ´£®°´

±�¨¬ £ª�³�² ¯�°£® ¦³ �¬°�� ´¥¨�´,£¢«²± ¦¦¡ §¬ ²³±��  , ��²±�)´£®²�£¢²¢« ( ¦³ ¦�¡¦

¬£¢± ´²�°´ .´�¨¦¨ ­� �  ´£®°´, ¤´¡¦ ´¡´¨ �² �¦ ±¨�¬� ´��°¨ª ©�´¡´� ©�±£¢²±� ´��¥³³ 

§² ¬±³� £ª±¦��� ,����¬�¬£°¨�   £¢ª��²±� ¤´¡�³)©�´¡´ ©�±£¢²± �¬ ©�£¦¬ ©�±£¢²± ( «£«��

§² ±¨¬´£«¡£ ±� �ª£�  ,¤¥� ´¥¨�´� £�£ �²� ¬±³ �£� §² ¬±³³.  

 ´�²®«�¨ §£²±¨¦ ���£ª�)Németh et al., 2000( ,®°ª �¦ §² ´¥£²��¢ª��²±� ´¦�¥´� £�ª£³ � ,

­�¢� ¤´¡ ¤²��¦ ´�ª�³� ´�¦ �� ©£� �� ¯²��±� . ¦³ £ª�³�²� ¯�°£®� £¥ �¬°�� ´¥¨�´ �  ´£®°´

¤´¡� ±¨�¬� ³¡²´� ²��¨�.  

5.6 .�¢�£²®� §£¬�²£�¦ ´��£«�¨��¨§££´ 

§££�°¨ ©¦��� ´¨² ©�®°�¥ -60©�®° ©��£¥� ´�²�³ £´³� §£²��«� §££ª±�¢«££¦® �£²�±« £¦´ -²� §�

)²�¨ ,1986 .(­�¢ ,´�  ´¨�¬¦ ,¦¢£�� «±¦®¨�±� £�°¨-��¦� §² ´¥£²��� ¦¢ª� . ©¨«¨ §£²´�� £ª³�

 ´�£ª�£¦��¨�²¢« ´�£�°²®´�¨ ²�¬¨ ­�¢�)´¦ �� �£²�±« ´�¢¦�® (�¢�£²® §£°�°£®¦¨��¨§££´.  

5.6.1 .�¢�£²®� ¯�°£®� §£¨� ²�±¨¨��¨£´ 

 §£²� �� ´�³¡²´¨� ´�£´¦ � ´�£ª±¦�� ´�£�°²®´��¢£� §£ ±�ª¨�,�²°££¨ ´,��²¦ , �£²�±« £¢�²¡ 

)Solgevik et al., 2007 .(�¢�£²® ´�°²®´�¨��¨¬�²�  �±£ª §¬ §£²� �� ¦¦¥ ¤²�� �²±´ ´£´ . §£¨�

§² ´¥£²�� ¯�°£®� ±¦¡ �¡±¦³ , ´�£�¦ �£� §£¦�¥£)1 (§�� £¨ , £�£ ¦¬ ¬°��³ ³£¡²´¦ �¨���

 ©££¢³ª£�Weinstein )2007 ( �Weinstein and Weinberger )2007 (¦¢£�� «±¦®¨�±�-¦¢ª�, �� )2 ( £¨

§��´.  

�¢�£²® ´�°²®´�³ ´�²®«� ¦��±¨¨��¨§�� §¬ ²³±�� ´£´, ­�¢ ´¬�¢ ´²£°£¦ ¦¦¥ ¤²�� �£�´ 

)Tuff ring ( ²��¨ �¦�)��£�«� £ª®¨ ¤�¨ª ¬±³ ( §² ´¥£²�¥)Lorenz, 1986 .( ¦³ �££ª³� ´�²³®��

§��´ £¨ §¬ �£°±�²¢ª£� ,�´¨ ´£�²ª§² ´¥£²� ²� �� §£�ª´¦ �¨£ .¨ �ª�³�¦¢£��� «±¦®¨�±-

¦¢ª� , ¡¢³� £ª®¦ ´¡´¨ §£²¢¨ ´��¨ ¦³ ±¨�¬� £�°¨ §��´� £¨ «¦®¨ §³)Dafny et al., 2003( ,

��¨ ���² §² ´¥£²� ²� �� §��´� £¨ «¦®¨ , §£²¢¨ ¦³ ±¨�¬� ´�²���� �¥£²�� ­³¡ª ����

£²�®¬£ ´¬±�� §£���� .§££¨£¦±�� §£�ª´�� ´�£���²� �ª´³� �¦ ²� �� � -100-200 Ka) ¨ .²� -

¨¢«�£ ,¬� �¡£³"� ®-Weinstein, 1997 (§£ª±¦�� §£®°²� �¦¨ ²�¥ �£� §² ±¨¬�, ¡£ª�¦ ²£�« 

�¨�� �£� ´�°²®´�� ´¬� §��´� £¨ «¦®¨³ .©¥ �¨¥ ,§£¨ «¡£\¨��¨´£«¡£ ���� � , ¯�°£®¦ �£�£³

�¢�£²®¨��¨²³®�´� £´§££¢«²± §£¦¦¡ §�£± �£ ¦¬ ª� °�®§£²� ��³ ²£�� £¬¦«� ��¨ .  

 £²�±¨� ­�¢� ¡®ª)�²«�� £ª®¦ (� ¤²¬�¨¥-0.09± "�±�¬¨ ¨) ±²®� ´£³�²� ��³£¡ ��² (  �¥£²��

 £´£«²¡�� £¦£ª��£� ²¨�¡� ¦³ ¬°�¨¨�)´�£ª¥¢ ´��£«¨ §£�²®�¨ §ª£�³ (  ¥� ¤²¬�¨23% . ¡£ªª §�

 ²¨�¡� ©¨ ´£°¡¨¥ £¥)10% ( £¦£ª��£ ²¨�¡ �ª£�) �� £´£¥�¥ ­¦¡�¨( , §£°�°£®�³ £²�

�¢�£²®�¨��¨§£�²�¬¨ �£� §££´¥ -0.01± " ¦³ §£�±�¬¨ ¨¨��¨� . «¡£ ³�²� ¯�°£®� ´²£°£ ¤²�°¦

§£¨ ¦³ £¦±³¨\¨��¨ ¦³ �3:1) Wohletz and McQueen, 1984; Kokelaar, 1986; Zimanowski et al., 

1991 .( �´££� ¤´ª� ¦³ ´�®£®°�³ �¡ª��,2.5 g/cm3¥� ²���¨ £ � -25¤´ª ©�¢ ©�£¦¨  .©¥ ¦¬ , £�¥�
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² ²�°£¦£���¢ �£°±� ,¥� ¤²�° ³£-8,000,000§£¨ �±�¬¨ ²¢¨  .©££°¦ ³£ , ´�³�¡¨� §£¨� ´�¨¥ £¥

¯�°£®� �®´´³�³ §£¨� ¤« ¦³ �£� . �¦�¥£ £ª�³�²� ¯�°£®�� �£°±²¢ª£�� �®´´³�³ §£¨� ´�¨¥

��²�� �ª¢± ´�£�¦ �´£�.  

5.6.2 .±´¬�  

±´¬� £�°¨ ²��¨� §�²��,²�²� �ª£� �²�¬£³³ �±£²  �� ´²¥£ª³ ,§£²¢¨ ²®«¨ ¦¬ �¦�¬ ��� ¤�  ,

 £ª±¦��� ¤´¡� ´� �£°¨ ����)�£²�±«� ´�¦ � ( §£¢ª��²± ¦�¨ª�²�¢ §££)²�£� §£3 ,5 .( ±´¬�� ©��£¥

©�®° ��� -©�®°-´´ �ª��£¥� �²¬¨-©¦��� ©�®°� �£²�±«� £¦´ ¦³ ´£¡² ¨� �²�³� ¦³ � ¦ ¦£�±¨ ,

 ´¨±�¨¨ §² ´¥£²�³�¦³ £ª�®°� �°±� .²��¨� ¦³ ´�¥²�´�� ²£°¦ ¦£�±¨ ­� ±´¬�� ©��£¥ .

� ¦� §£¨ ¦³  �±£ª ²£° ´���¦ £�³¬ ±´¬��¨��¨� ,±´¬�� ¤²��¦ �´¦¬ �£� ­�³ ²³®�³ .

³¥ ¦¦¥ ¤²�� §£²°�ª §£²��¨¨��¨ §��´ £¨ ´³��®� ±�« ¤�´� �¦�¬ �)Martin et al., 2007 .( ³£¡²´

 £�£ ¦¬ ²��´¨ �¨��Gevrek and Kaznci )2000( ,�-Narkoy maar�£¦�¢ª� ¡�¦  ¥²¨�³  , ��¨��¨ �

 ¤²��¦ �´¦¬³³�® ±´¬� ²�³£¨�� �¥²��¦ �¡´®´�³ ´£��¦�²�£� ´¥²¬¨ ��£�� ²³� ²�¬¨¦ 

�¢�£²® ´�£�°²®´�¦ ´�£ª�£¦��¨�²¢« ´�£�°²®´�¨¨��¨´�£´ .  

5.6.3 .§£¦��£®¨� ,� §£´£¦�ª«±�¢�£²®¦ £ª�£¦��¨�²¢« § £ª±¦��¨ ²�¬¨�¨¨�£´ 

�¢�£²® ´�£�°²®´�¦ �£²�±« ´�²°�£ ´�£�°²®´�¨ §£²�¬¨¨��¨ §£²±¨ �³£¨¡� §£²¥�¨ ´�£´

 ´�¡®¦ �£ª¨²�� ¦®££� ��³�)Lorenz, 2007 .(¦¢£�� «±¦®¨�±�-¦¢ª�, §££�ª£³ ¦³ ²°�´ ��� ²�¬¨� 

 ´¦ � ¡�¦£± £�£ ¦¬ ©��� ´²£¥« ¦³�  �±£ª�)Weinstein and Weinberger, 2007; Weinstein, 2007 .(

�¦¬¨¦ ©��ª³ £®¥ ,�¢�£²®¦ ²�¬¨�¨��¨¬²£� §² ´¥£²�� § £´ ,��²ª� ¦¥¥ , £¨ §¬ ³�®¨¨ ��°�´¥

§£���² §��´ .²¨¦�´�  ´, ¦��£®¨� ¦³ ´�¡¥�ª�� ¦��£®¨� ¦³ §£¢«£²±�¨� ²³�¬�� ´�¡¥�ª� 

�¦� §£¢«£²±�ª®¥�¨�±³ � £¬�²£�¦�¢�£²®� §¨��¨ §££´)§£¨²¥ ´¦ ��ª�£¦¬  (¦¬¨§£´�²³®�  ,£¥ 

�¨��¨ §£¨ ¦³ ´£«¡£ ����  �¡� �¦£¥� §² ´¥£²� ²� �� ´�¨��¨ §££´)¦ ©®�� �°�£¨��¨©¦��� ´� .(

�³¡ �¦¬¨ �  ����¬ , ©£� ²³± §££± £¥§£¬�²£���¢�£²®� ¨��¨£´£ ´¦�¥´¦ §§£¨�� ¨��¨�.  

§² ´¥£²� ­�¢�,�ª�£¦¬ §£¨²¥ ´¦ �� §� �¨¥  , ¦��£®¨� ¦³ §£³£�� §££�°¨) §£¬£®�¨�

§£¢«£²±�¨¥ ( §£´£¦�ª«±�'§£±�¨¬ ' ¦���� ©�´¡´ §�²±¨§�²±-´®¢¬¨ ´£«¡£ ����� ´�¡£¥³� 

)Mittlefehldt, 1984, 1982; Stein et al., 1993) ( §£²�£�22 ,30 ,31 .( §�� §£¢«£²±�¨� §£´£¦�ª«±� §�

 �¦¬ ´�°��±� £´³ ´�¡£¥³� §�´¨ §££±� ­�¢� ¦³ £¦£ª��£� ²¨�¡� §¬) ²�£�31 .( ¦³ §£¦��£®¨��

 �©£�£¦�� ´�£ �¦±ª£� §£¦£¥¨ �ª�£¦¬ §£¨²¥ ´¦, §£¢«£²±�ª®�²±£¨� �¥²�¦ §£�´¨ ©�¥²�³ 

§£ª£�£¦���, �  ´¦ � §£ª££®�¨� ) ²�£�15 ¡®«ª� 4 .( §ª£� §£¦��£®¨�� £¥ �¬£°¨ �  ´£®°´

�¨ �¦��³ §£¢«£²±�ª®¨��¨�¦ §£²  §£¢«£²±�ª«± §ª£�� �.  

��£¬¨ �£®²��²¢®�,£¦£¥¨� §£¥´ª ¦³ §¨�£± ¦¬ ¦��£®¨� ¦³ ³��£� ´²³®�¨� ´�¨¥� §£¨ § . ³��£�

 ¦³ £±¦¡¨��¨� ¥ � ,¤´ª� ´£¦¬� §£¥�²¥� �²�¢²®¨¢�� ¯¡¦� ´�£²£ §¬ ���¦£³ �� , ´� §£¦¬¨

� §´�«£«¨ ´� §£�£²�¨� §£®£�ª� £ �¥£²¨��¨� . ¦³ �£°�£¦±�ª¦ �£��¦ £�³¬ �¦� §£¨²�� ��¦£³

� ´£¦¬ §¬ ´�¬��¨��¨ �´�®£®° ´� �£²��¦ ¤¥�� � �¦³ �£��¦��£²� ´� ´�ª³¦�)Lensky et al., 

2006 .( §¬ §££ª�°£¡ §£¨ ³�®¨�¨��¨�¦�¬ �¤´ª� ¦³ �£°¢ª¨�²®� ���²¬ ©�ª�ª¨ ³�²� , ´ª¨ ¦¬ 

¤´ª�� §£¨� ¦³ ���¢ �£°±�²¢ª£� ²³®�¦,  � ¥�¢�£²®� ¯�°£®¦ �£�´³¨��¨£´ . ¦¦¥ ¤²��

 ´¡´®´¨ ²�¢£± ´�¥³ §£¨� §¬ ¤´ª� ¬�¨�)vapor film («¨�� ´� ´����¨� ´¥¥�¨��¨ §£¨�¨ �
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§££ª�°£¡�, ¤¥�� ¬�ª¨¦ �£�³¬���²¬� ´� ¯�°£®� ´�¦£¬£¨ �£²��¦� ) Sheridan and Wohletz, 1983; 

Trigila et al., 2007; Francis, 1993 .(¨��¨�´£ª��²¢� ´�¬��� �²£³¬ , �¦�¬�  ´£«¡£ ����� ´�²£�¨�

 ¦³� ¡�¥� �®£°²���¨��®£°² ¦¬ �²£¨³� ´�³±´�¦  ²³®�¦ ¤¥�� ´����¨� ²�¢£±� ´�¥³ ´

§££ª�°£¡ §£¨ §¬ ���¢ �£°±�²¢ª£�.  

 ¦³ §´���¬ £�£ ¦¬ ´¥¨´ª �  �¬°�Trigila et al.) 2007(, ��²� ²³� ²�¢£±� ´�¥³ £¥ ���¬¨ ££�«£ª� 

£²¦�±£ � ¤´ª�³¥ ´�®£°² ¦¬ ²�¨³¦ �³±´¨ ´¥¥�«¨� , ¦³ ���²¬¦ �£�¨ ¤´ª� ´�¦�±£ � §�£± £¥�

�� §£¨�¨��¨�.�ª�³ ´�£²¦�±£ � £¦¬� §£¥´ª¦ §£¨ ´±² �� §£¬��± §£�ª´� �¥²¬³ §££�«£ª¨  ,

 £¥ �¦�¬� ´¨°�¬� ´�³¡²´� ´�£�°²®´��¤´ª� ´�£ �²�®� §£¦���¨ ²±£¬� ¬��ª ´�£¢�£²® , ¤´ª £¥�

£�³¬ £ �²�®²´�£ §££ª�°£¡� §£¨� ¦� �¦��� ©�ª�ª¨ �¦ ©´ª�� ´£�£ �¦®«±� ¯²®´�¦  .

 ¤´ª� ¦³ ´�£�£ �¦®«±�� ¤�´ ¦� §££ª�°£¡ §£¨ ¦³ �²£�¨ �¨£² � ´²�«�¨ £ �²�®�´�¬��� £¦¦¡ ,

 ¤¥�� ´¨²�ª²�¢£±� ´�¥³ ´�®£°²� �¬£�® , ´� �²£��¨� ¤´ª� ¦³ �£°¢ª¨�²®¦ �¬£�¨³ �¬£�®

§££ª�°£¡� §£¨� §¬ ����²¬ ,�¬£�£ ¦ �¢�£²®� ¯�°£®¦ ¤¥¨��¨£´.  

§�¥£«¦ ,³¬ �£� ­�¢� ¦³� §£¨²¥ ´¦ � ¦³ ´�¨�¨� £¥ ¬°�¨§£¨� ´£«¡£ ´�²£ , �²±¨�³ ����¬

§��´ £¨ §¬ ´²���¨ �£°±²¢ª£�¦� ´�¬�� ¦³ �£°�£¦±�ª¦ ��£�� ©�²¡�� , ´�£�°²®´�¦ �¨²� ²³�

´�£´¨��¨�¢�£²®�.  

� �®£°� ¡�¥²���¨£�³¬ ´�¬��� ´�²°��£�� §£� ²�ª£°� ¯¡¦� ´� ´�¦¬�¦ §� ¨��¨� � ±��£«¦ §�²�¦

��£�«� £¬¦«�. ±��£«  � ¦��� ²³®�¦ £�³¬£²¦�±£ �� ¤´ª� ¦� §££ª�°£¡� §£¨� ¦³ ²´�£ ���¢ � .

 ±��£«¦ ������ §£¨� ´¦�¥´ ¦³� �ª�³� �£��¦��£²¦� £�³¬ ­�¦�ª«± ´²£ �� �£±®´ ´�£�¦£§£´ 

)Lensky et al., 2006.( � ´�¡£¥³ ¦³ ������ ­�¢� §£´£¦�ª«±)§£¨²¥ ´¦ ���( ´¥¨�´ ´��¬ ����¨ 

 �£�¦´ £´¦��¦ ´�£�£«²��¦� ´�¨��¨ ¦³� . ¦³ ´�¡¥�ª'§£���² §£´£¦�ª«± ' ¦³)´�¦ �´�±£´¬  ( ¤�´�

 �¨£²  ¦¬ ��£¬¨ §£¨²¥ ´¦ �'´£�£«²�� '¡¢³� £ª® ¦� ��²± §�.  
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6 .´�ª±«¨  

x ��£�« ¬¦« £²�³ ¦³ ´�£¢ªª£¨��� ,£�´�� ­�¢�³ £¦£ª��£� ²¨�¡� ´�¦�±£ �� ²�¬�² ¦³ ´�

 §££ª±¦�� §£¦�³¡ª £¬±³¨)base surges(,²�±¨� ¦¬ §£�£¬¨ �¢�£²®� ¨��¨ ¦³ ²��¨� ¦³ £´

§² ´¥£²� . 

x  �£� ²��¨� ´²£°£¦ §��±§² ´¥£²� ²� ��§££²¢ª¨£�« §£¬¦« ¦³ �®£²¡ �£®²��®�¢ ¦¬� ±¨¬  ,

�«�¥ ²³�§£²¢¨ ´��¨ ¦³ £ª±¦�� ­°²� . 

x �¢�£²®� ´�°²®´��¨��¨� ¦³ �£°±²¢ª£�¨ ��°�´¥ �¬²� ´£´¨��¨ §£���² §��´ £¨ §¬ �

 ²®£��±��£¨�±¨�. 

x � ´�¡£¥³ ´¦ ��� ­�¢� ¦��£®¨²��¨� ´²£°£ §²¢ ²´�� �¡¦±³ �¬£°¨ �¦�¥´ £¦¬� §£¥´ª £¥ 

§£¨ ¦³ ´£«¡£ ����� ,´£«¡£ §££²¦�±£ � �£�³ , ²®£��±�� £¨ §¬ ���¢ �£°±�²¢ª£� �²³®£�

 ¤¥�� £¨�±¨�¦ �¨²�§££´¨��¨�¢�£²®� §£°�°£®. 

x §�²��±´¬� £�°¨ �¥£²�� ,¦ ¦£�±¨� ¨� ´²�³«££¦®� §££ª±¦��� §£ª� ²� �� §££ª±�¢) �ª��£¥

©�®°-©�®° -�²¬¨ .( £¥ ¬°�¨� ²�³£¨�� §£¨� ³�®¨� ¬££« ±´¬�¨��¨�, §£°�°£®¦ �£��³ 

�¢�£²®�¨��¨§££´. 

x £¬�²£��§�¢�£²®� ¨��¨ ²��¨� ´� �²°£³ §££´³ ©¨ � ©�¦¡� �³¡²´�©£�  166±15 Ka¦ -

115±13 Ka. 

x ¢ª¨�²® §¬ �¨£²  ´�²�¢±�²¢« ¦³ ­�¢� ´��¥³¨ ±¦¡� ��¦£³�§£«� §£, §¬ �£°�£°�«�� 

 �¬£�® ´�²�¢±�²¢«)impact sags(, ´£¢«£¦� �±£² � ¯�°£®� £²°�´ ¦³ ´£ª¨  �� �¦��� ¦¬ �£¬¨ 

)«� ²¨�¡ ( §££ª±¦�� §£¦�³¡ª��)base surges , � ²£´¬� ±� ²¨�¡.( 

x  ¦³ §£²� ¡¨ £ª³ ´�¡®¦ ²�²£�� §£��² £²±£¬� ¤´¡� ²�²�� ¦��� ´°�®´� £�ª£³� ´�¨�¨ ¡�´£ª¨
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«±£²¢¨:©���¨  . £ª�ª£� §£³£��� ¦��� ´��¨���� ©¨ ±¦¡�) ¦³ ¦���¦ §£¬£�¨0.15¨ "¨ ( ´�²¡���

 ±� ���)¨ §£ª¢± �� §£³£���� -0.05¨ "¨ .( £²® £�£ ¦¬ ¢¦³ª §£´£¬¦ §£´£¬¦� ²®«�¦® ´�¨

´�¢¬�¨ �� ´�²«¡ ´�¨ £²®� .©«±�²£® ¦£¥¨ «±£²¢¨� .£¨££±§²°� £¦²ª£¨ ��  , ´�¨¥� ¤�

��£�«� ´�²¡� ´�¦ �¦ ´£«¡£ �¥�¨ª . �²�²� ´£¢£¥²¢ �²�¢«±¢ ´²¥£ª ´��¨����¨ ±¦¡�

´�¨ £²®� ´�¡¥�ª� §� ´²�¬ª �£� ©±¦¡�� . ©±¦¡� ���¨ ´�£²¦�±£ � ´��¨���� ©¨ ±¦¡

£�£«�¨ ´�) ©£�45%¦  -1% .( ²���¨³ ¤¥¦ �²�³± ´�£�¦ �£�³¬ £²�®¬£ ´¦ �� ��²� ´�ª�³�

�¥£²�� �²¬¨ §�²��³ �£²�±«� �ª�¨� §£¬£®�¨� §£ª�³ §£²�¡¨ �� §£¥®³�.  

§££�£¢±�ª£� §£ª¨£«:§££¦��¨£¦�® §££ª£�£¦�� §£¢«£²±�ª® ´¢£¦³� ´ª££®�´¨ .  
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�                                       .�                         .  

  

£²�®¬£ ´¦ � ,§££¦��¨£¦�® §£¢«£²±�ª® ,©£�£¦�� ¦³ §££¦²��ª� �¬ §££¦²���� , «±£²¢¨� �¨¥ §£�£°¨�

´£¢£¥²¢ �²�¢«±¢ .�±«�²±£¨� ­±³ §�¦£°®�¢�±¨ ²��  ,� .´£²�³£¨ �¢�±¨ ²�� ,� .§£��¦° §£�¢±¨ .  

  

4 .�ª�£¦¬ §£¨²¥ ´¦ �) 24§£®±³  ,11£®�³¡¨¨ � §-11­�¢� §£¢ª¨�²®¨ :( 

§£¢«£²±�ª®: ¢¬¨ §¬ §££¦²����« §£¢«£²±�ª®�²±£¨¥ ¬£®�¨� £¦��¨£� ©£�£¦�� £³£�� 

 §¦���³ ¢£ �ª£�£�0.05 �¬ 0.4¨ " §£«¥¨� ¨11% §££¦²����« §£¢«£²±�ª®¥� ­±³� ¡¢³¨ 

 ¦³ §£¦���0.75-2.25¨ "¨ §£«¥¨� 6%­±³� ©¨   .¦ §£¬£�¨� ©«±�²£®�ª£¦± £³£��-1 ¨ "¨ 

 ¦���� £¦²����« ¦��£®¨��0.5-7¨ "¨ . «±£²¢¨� §� §£¬£®�¨ §££ª£�£¦��� §£¢«£²±�ª®�²±£¨�

§£¦��£®¨�� §£¢«£²±�ª®� ¤�´� ´�£ �¦±ª£�¥ §��.  

«±£²¢¨: ���¨ ±� ) �¬0.04¨ "¨( ,²°� £¦²ª£¨ ¦£¥¨ , §££®�¨ §£¦²ª£¨� ´�ª¢± ²®«�¦® ´�¨ £²®

)©«±�²£® �� ©£�£¦��.(  

§££�£¢±�ª£� §£ª¨£«:§££¦��£®¨� §£¢«£²±�ª®� §££ª£�£¦�� §£¢«£²±�ª®�²±£¨ ´¢£¦³ .  



 65

�                                                                .�.  

  

�ª�£¦¬ §£¨²¥ ´¦ � ,©£�£¦�� ¦³ §£¢«£²±�ª®�²±£¨� ´ª££®��¨ .�±«�²±£¨� ­±³ §�¦£°®�¢�±¨ ²��  ,� . ²��

´£²�³£¨ �¢�±¨ ,� .��¦° §£�¢±¨§£ .±� «±£²¢¨ ¤�´� §££ª£�£¦�� §£¢«£²±�ª®²�±£¨.  

  

5 .�ª�´¡´ §£¨²¥ ´¦ �) 9§£®±³  ,5� §£®�³¡¨¨ -4­�¢� §£¢ª¨�²®¨ :( 

§£¢«£²±�ª®:¦���� ©£�£¦�� £³£�� 0.25-1.25 ¨ "¨ , §£«¥¨16%­±³� ©¨  . £¦²����« ©£�£¦���

¢£ �ª£�£� £¦�³ §¬ £¦²���� �¬ .¦³ §£¦��� ©«±�²£®�ª£¦± £³£��0.25-1 ¨ "¨ §£«¥¨ 6% 

­±³�¨ .§£¢�²��� �� §£���� §£³£��¥ §£¬£®�¨ §£ª«±�²£®�ª£¦±� , �� §££¦²��ª�¥

§��´ ²¥£ª §±¦¡�� §££¦²����« . ¦³ ¤²��¦ ´�¬£�¨   ¦±�£�¦® ¦³ ´�¦��� ´�¨ £²®1.25 ¨ "¨ 

 ´�«¥¨�6%§£®±³� ¡¢³¨ .  

«±£²¢¨: £ª�ª£� ³£�� ¦��� ) �¬0.1¨ "¨( , ¦±�£�¦® £�£ ¦¬ ¢¦³ª²°� £¦²ª£¨ ¦£¥¨�  , ©«±�²£®

©£�£¦���.  

§££�£¢±�ª£� §£ª¨£«:�±¦¡� §��´¨� ©«±�²£®�ª£¦±� ©£�£¦�� ¦³ §£¦��� §£¢�²��  . ´�¨ £²®

´£¢£¥²¢ �²�¢«±¢� ´�¦���  ¦±�£�¦®.  
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�                                                                .�.  

 

�ª�´¡´ §£¨²¥ ´¦ � ,� £ª³  ¥²¨�  ¦±�£�¦® ´�¨ £²® ¦£¥¨� «±£²¢¨� ©«±�²£®�ª£¦±� ©£�£¦�� ¦³ §£¢�²�

´�¦��� .�±«�²±£¨� ­±³ §�¦£°®�¢�±¨ ²��  ,� .´£²�³£¨ �¢�±¨ ²�� ,� .§£��¦° §£�¢±¨ .  

  

6 . ´¦ � 006)4­�¢� §£¢ª¨�²®¨ §£®±³ :( 

§£¢«£²±�ª® :¦³ §£¦��� ©«±�²£®�ª£¦± £³£��0.3-1.75 ¨ "¨ §£«¥¨� §��´ §£�²¨ 11% ¡¢³¨ 

­±³� .§£¢«£²±�ª®� ­��� �®¦¡� ´²¥£ª §£´£¬¦� §£®¦¡�¨ §�£¦�³ ±² §£´£¬¦ . ©£�£¦��

 ¤²¬� ¦³ §£¦��� £¦²����« �� £¦²����1 ¨ "¨ �«¥¨ 10%­±³�¨  . ­¦¡�¨ ���²� ©£�£¦���

 �£¦�³� ±² ­¦¡�¨ ��� §£´£¬¦� ¢£ �ª£�£�¦ ��¦¨ �®¦¡�.  

«±£²¢¨ : ¦³ §£³£�� ¦���¦ ¬£�¨ £ª�ª£�0.1 ¨"¨ .§£�² ²°� £³£�� «±£²¢¨� ,©«±�²£®� ©£�£¦�� .

¤¥ ¦³�� ´�¨ £²® ©£¢�¦¡¦ ²«¡ «±£²¢¨� ,´£¢£¥²¢ �²�¢«±¢ ´²¥£ª �¦.  

§££�£¢±�ª£� §£ª¨£«: «±£²¢¨� §£¬�° ¦¦³� §��´ ´�¬®�´ §¬ ©«±�²£®�ª£¦± ¦³ §£¢�²�� 

´�¨ £²® ²«¡ £ª�ª£�.  
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�                                             .�                   .  

  

 ´¦ �006 ,§£¢�²��� �� §£���� §£¢«£²±�ª®¥ §��´¨ ©«±�²£® .�±«�²±£¨� ­±³ §�¦£°®�¢�±¨ ²��  ,� . ²��

´£²�³£¨ �¢�±¨ ,� .§£��¦° §£�¢±¨ .  

  

7 . ´¦ � 015)4§£®±³  ,­�¢� §£¢ª¨�²®¨:( 

§£¢«£²±�ª® ´²«¡ ´¦ � ,���¦ §£¬£�¨� ²°� £³£�� ¦³ ¢¬�¨ ²®«¨ ¢¬¨¦ ¦³ ¦1¨ "¨ ,) §²��´

��£´�²«±£²¢¨� (.  

«±£²¢¨ : �¬ ¦³ ¦���¦ ¬£�¨ ���²�³ £ª�ª£� ¦����0.05¨ "¨ . ²®«�¦® ´�¨ £²® ¦£¥¨ «±£²¢¨�

´£¢£¥²¢ �²�¢«±¢� ,���¨ §£ª¢± ©«±�²£® £³£�� ©�£ª£� , £¦²ª£¨� §£ª¢± ©£�£¦�� £³£�� ¢¬¨

£� ²°�-§££¦��¨ ,²¢¨£¦£¨ ¦³ ¦��� �¬ §£¬£�¨ §�� §£¦����³ �¬ §££¦²���� §ª£�� 

 §££¦²����« ,²¢¨£¦£¨� ´£²£³¬ �£�« §£¬ª §£ª¢±��.  

§££�£¢±�ª£� §£ª¨£«:§£¢«£²±�ª® ²�¬£�  ,²°� £¦²ª£¨ ¢¬¨¦ ,´£¥²¢ ´²�¢«±¢�.  

�                                                                .�.  

  

 ´¦ �015 ,«�¦®� ²°� ©£�£¦�� ©«±�²£® ¦³ «±£²¢¨´£¢£¥²¢ �²�¢«±¢� ²® .²°� ¦²ª£¨ ¦³ ���� ³£�� . §�¦£°

�±«�²±£¨� ­±³®�¢�±¨ ²��  ,� .´£²�³£¨ �¢�±¨ ²�� ,� .§£��¦° §£�¢±¨ .  
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8 . ´¦ � 017)16§£®±³  ,11� ­�¢ ¦³ §£¢ª¨�²®¨ -5¡��£± £ª£¬¦�¨ :( 

§£¢«£²±�ª®: ¦���� ©«±�²£®�ª£¦± £³£�� 0.25-1.75¨ "¨ , § ¥²¨� §£®¦¡�¨�)�²�±§££�£  (

§�£¦�³�� ,©£�£¦�� ´�£ �¦±ª£� §� ´�£�°¨� , §£«¥¨9%­±³� ¡¢³¨  . §£¬£�¨� ©£�£¦�� £³£��

 ¦��� �¬2¨ "¨ §£«¥¨ 9%­±³�¨  . §££¦�³ §�¦� §££¦²����« �� §££¦²���� ©£�£¦��� £³£��

¢£ �ª£�£� ¦³ .´��¨¦¨ ��²®�²±£¨ ©�²¢±¦�� ´� £¦ª� , ©£�£¦��� ´�£ �¦±ª£�¦ £¥

�²£®�ª£¦±�³§££ª£�£¦��� §£¢«£²±�ª®� �¥²�¨ �ª�³ �¥²� ©«± , ´�¥²�¨ � ª� ¦¬ �²�¨� ����¬

 ´¦ � ¦³017)  ��²'§£¦²ª£¨ £�¥²�',  ²�£�15.(  

«±£²¢¨ :£ª�ª£� ¦��� . ¦³ ¦���¦ §£¬£�¨ §£³£���0.1¨ "²®«�¦® ´�¨ £²® §�£ª£�� ¨ ,²°� £¦²ª¨ ,

©«±�²£®� ©£�£¦�� ¢¬¨�.  

§££�£¢±�ª£� §£ª¨£«:¨ ©£�£¦��  §£®¦¡�¨� §£ª«±�²£®� ³£��� ¦¥ �� §££¦�³� ¢£ �ª£�£�¦ ­¦¡�

©£�£¦�� ´�£ �¦±ª£� §£¦£¥¨� §�£¦�³�� § ¥²¨�.  

�                                                                .�.  

  

 ´¦ �017 ,�¦ §£®¦¡�¨� ©£�£¦�� £³£�� �£¦¬¨� ��£�«� �®��� ­¦¡�¨� £¦²���� ©«±�²£®  ¥²¨�¢£ �ª£�£ . §�¦£°

�±«�²±£¨� ­±³®�¢�±¨ ²��  ,� � .´£²�³£¨ �¢�±¨ ²�� ,� .§£��¦° §£�¢±¨ .  
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¡®«ª 2:§££¦±³¨ §£ �¡�� §² ´¥£²� ´�£�«¨ ´¦ � ´��¨��� ¦³ §££¨£¥ §£�¥²� .  

SH-BR-
23 

SH-BR-
25 

SH-BR-
73 

SH-BR-
76 

SH-BR-
83 

SH-BR-
87 

SH-BR-
88 

  BR-017 BR_006 
 §£¨²¥

�£¦¬�ªBR  ²¬«-BR 
©£¬-©�£ -

BR 
 £²�®¬£

©�´¡´-BR 
 £²�®¬£

©�£¦¬-BR 

SiO2 42.5 41.0 42.7 42.1 42.2 43.7 43.4

TiO2 2.7 2.7 3.1 3.4 2.9 3.0 3.2

Al2O3 13.7 13.2 14.5 15.0 17.6 14.3 14.8

Fe2O3 1.3 1.3 1.3 1.4 1.3 1.3 1.3

FeO* 11.7 11.6 11.7 12.2 11.9 11.4 11.7

MnO 0.17 0.18 0.18 0.17 0.18 0.17 0.20

MgO 8.2 9.4 7.0 7.8 5.8 8.8 8.1

CaO 11.7 12.7 9.5 9.6 10.0 10.1 9.7

Na2O 4.5 3.6 4.3 2.8 2.7 3.1 3.2

K2O 1.0 1.0 1.3 1.2 0.8 1.6 1.8

P2O5 1.4 1.3 2.0 1.5 1.3 1.4 1.4

SO3 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

L.O.I 1.1 1.3 1.5 2.5 3.0 0.8 1.3

SrO 0.15 0.15 0.21 0.15 0.11 0.13 0.15

Ba, ppm 680 690 950 720 570 610 590

Mg# 0.56 0.59 0.52 0.53 0.47 0.58 0.55

Total 100.1 99.4 99.3 99.8 99.8 99.8 100.3

* ��� ¦ ²��-¦ ²�� ¦¦¥¨ ´�£²£³¬ ¬³´¥ �³�¡ £¥²¬  
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south. The absence of paleosol within the tuff implies that the explosions occurred within a relatively 
short time of no more than 10-15 years. 

A NNE-trending fault was described in the southern rim of the maar. It is suggested that the fault was 
part of the hydrological system, and enabled the interaction of the rising magma with groundwater in 
the local aquifer, causing the phreatomagmatic eruption.    

Amphibole (Kaersutite) megacrysts are very common in Birket Ram Tuff together with other lower 
crustal to upper mantle xenoliths. Kaersutite phenocrysts were also uniquely found in the Upper 
Keramim Basalt. Olivine inclusions in the amphibole have very similar composition to that of olivine 
microphenocrysts in the same basalt, implying that the amphibole crystallization occurred 
simultaneously with the olivine. The presence of the amphibole phenocrysts and megacrysts in the 
Upper Keramim Basalt and the tuff suggests that these magmas were H2O-rich. It is suggested that the 
relatively high content of water and the resultant vesiculation with decreasing pressure allowed better 
interaction of the melt with shallow groundwater, which led to the phreatomagmatic eruption. The 
abundance of xenoliths in the tuff (also in Keramim Basalt) could also be related to the different 
rheology of this water-rich magma. 



 

Abstract 
 

Birket Ram is a maar lake located at the northwestern edge of the Ash-Shaam volcanic field, next to 
the contact of the Golan Pleistocene basalts with the Mt. Harmon anticline. The maar-lake is a window 
into the regional aquifer, created by phreatomagmatic eruptions. The maar's rims are covered with 
Birket Ram Tuff. The tuff mainly consists of lithic clasts, fragments of surrounding rocks that were 
fragmented during the explosions, with a minor component of juvenile material (palagonitic glass). 

The sedimentary basement of the Birket Ram area consists of Jurassic, Cretaceous and Eocene rocks. 
Birket Ram is underlain by a depression with a steep topography, the Ram Valley. This valley was 
filled with a thick section of Pleistocene volcanics, mainly basalts, which unconformably covered the 
Mezozoic sediments.  Some of the basalts (En zivan, Lower Keramim and Upper Keramim) are 
exposed at the surface around the maar, while other, older basalts are known just from the subsurface 
or found as fragments in the tuff (basalts 17, 15 and 6). A Scoria cone covers the Upper Keramim 
Basalt at the southwestern part of the maar, and it is intruded and intercalating with intrusions and 
flows of the Ya'afuri Basalt. Birket Ram Tuff covers all of the above volcanic units. West of the maar, 
the tuff is covered by the Sa'ar Basalt, which represents the most recent volcanic event in the area and 
the end of the phreatomagmatic era at Birket Ram.  

All the basalts have a similar, basanitic composition. Petrographic differences between the basaltic 
units allow the identification of the basaltic fragments in the tuff.  

Seven columnar sections of tuff were described around the lake. Three of these sections were 
correlated at the field. This correlation was verified through the granulometric work results, enabling 
the documentation of a 46 m-long tuff sequence of the southeastern rim (hereinafter "The Main 
Section").  

A granulometric work on the main section showed cyclical changes in the grain size of the tuff matrix 
and in the occurrence of big fragments (> 30 mm) in the tuff. These reflect changes in the intensity of 
the phreatomagmatic eruptions. At least two cycles of increasing and decreasing intensity were 
identified. The presence of big fragments in tuff layers containing flow structures suggests a 
synchronous activity of base surges and ballistic transport during the phreatomagmatic explosions. 

The volume of the diatreme was calculated as 0.26 cubic km, assuming a cone model and a depth-
diameter ratio of 1:1. The diatreme penetrates through a volcanic section of hundreds of meters, and 
through the base of Ram Valley into the cretaceous. Quartz grains, identified as the Lower Cretaceous 
Katih formation, were found as fragments in the tuff, suggesting the diatreme penetrated at least as 
deep as this formation in the sedimentary section. 

Thermoluminicence ages of eolian quartz from a calcritic paleosol (166±15 Ka) and of cretaceous 
quarts grains, found in a tuff layer directly underlying the Sa'ar Basalt (115±13 Ka) set a time window 
of 80 thousand years between 100 to 180 Ka within which the phreatomagmatic explosions occurred. 
These ages are similar to Ar-Ar ages of the phreatomagmatic eruption of Mt. avital, 13 km to the 
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