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,", 
��f �$��&B �$� G�- ��8 �$)�,�"� " �8 �c�, !)c� �8 . , �c*


 2�9c�"� K&�E �� ���+=+5> ����1	 �
, 2�8�,)B� �
#9$�3-
 �ccL,� M&cc'�- ���+cc=+5> )cc4�$ �� @,#�Jcc�,(PLQV)!)cc
� 

�� �&�)I*�2�8 _"uW�, �(]��[.
�L,� M&'�- )4�$ q�=5�, �- _[]] q�=5�, �
#5)�'- #9� ,���

��&� ��D�����#- ��,� �: ��s�� !)�#�$#- ���+c=+5> 2�8
2)4�$ �c:,#5 Oc�:#5 �c- I*c� " �c�, �9�c�,� �c5 �9
 )c�>

 !&: " !�&H� iDA ,� ��&�� �0�� 2�8)7," 2)c4�$ " �#c=�� 
�- ��D�� �� ,� )���� !��"> �&E" )�,)I*�2�8_"uW�,.(��

s�� U&=� .�A� 2�8��+=+5> �c5 �cL,� M&'�- �Y�c? �c
,  , 

1- Rhodanian 
2- Walachian 
3- Pasadenian 

h�c�, #- O'L, ��, ��&4� Z�+� Y8"�? �c��#- 2�c8 �c��f -
2#�#5,&c: Ic
,", �c
 2#�#5,&:&�'? @��  �- �&-#� ,� @> �����

��)��,�.
s�c� �c
, s��  , ���+c=+5> 2�c8 2#9�c:�B �c5 )�=c�

 " !�&cc- #cc�P9�!#9�cc$ �")cc7 2, \/]�cc5 p,� icc-#� #9�&cc'�: 
��&cc� �cc�D�� ���cc��#-�cc� )���cc�&?)I*cc�2�cc8 _�Wcc�, 

K.(2�8)ccc
� �-�ccc� ����+ccc�? �
,#/cccT �ccc
, �ccc: )ccc�:
 I�c$ M&cX �� ���+c=+5> 2�8)4�$ �&c/� �c
 " �c'/� 2�c8

 �cc9	�
 !,� ��cc�  �Dcc� �cc- a
)ccA�X )cc�, .�!�&cc5 �cc
, ��
s�cc� �cc	�- 2,�,� QG&ccH1� " !�&cc- Occ��L �9�cc�,� 2�cc8

 �ccc- 2#�	�&ccc?�&ccc'- �ccc��� � R:&ccc
SR? �35�,&ccc:  , �
�ccc8
 )�9�cc8 �cc�5&�- " �
)���cc�)I*cc�2�cc8 ��"�.(�cc
,

���cc: �cc- QG&ccH1� �cc8 �cc��8 �'�cc�" �cc8> 2�8)��cc:,  , �)cc: 2,
!)cc� �ccX�7, )cc�, .�cc	�-  , s�cc� �cc
, �� #cc0
� �cc
,� 2�cc8

�� " �	�- �- @,&5�#: !���, M,)�<&�,)0��> " �G&*
  .

����� 82� 
s�� �: �
, �- �E&5 �- �)c� �c- �c��#- ��&c� �c�7�� 2�c8

 ���: 2"�7 ��&H� )�f ���5 �)��&- @��#$� �c
 @��#$�#�L 2�8
 �c��> @�c��  , �c: )�9c�,� �&cE" �)c�, ���c�#$� �- h�c�,#-

 s�� " �
,#/T 2�8)
� �- ����� ��&H� ;
 )c4�$ �c- �&-#�
>@,#�Jc�, 2�9c�"� K&�E �� iA," �L,� M&'�- ���+=+5 2,#c- 

��)� K��9�, �V��.
�V�c� �� 2,#- !��=9�, ��&� ��1DAAr uwAr/p] I��c�

��5&�- ��c1-, �- ���+=+5> s��  , !)� ,)E " r��� �94�� 2�8
\]] �5 v]] #9�"#*�� " s�c� Ic: Y
,�#cB  , ac? �: �&- 

"#*�� #
  ���X��P� 2 ��,)E �'7#� ,)cE �H+cf"� �&*�
 " )� �- ���A� ;
 �)� �- )�c�, �'��" HF �c9����#� �c- \/]

���c: #c0
� " ��c�-#: ��+c�� �,)�� �5 )� !�,� &+9�� 2�c8
 )-�
 Y8�: @> �- !,#H8 @��#$� ���H97, .�c�5&�- aJc� 2�c8

 �'�c�" �- !)� �9��HF #cD�� K> �'�c�" �c- ��c- �
)c�f �
)c� !�,� &+9��.8 �c5 Yc� �@>  , ac? " o�3c- ���c: �c=
 ���:  , �I*��&B �� 2,#- �H+f"� #
  !)� ,)E 2�8 �V��

 )� K��9�, .��&H� @ " �")7 ���#- ��&� 2�8mg \x/u_ �&- .
���V�� Ar uwAr/p] @��  ��� !�0+
�� > �� �?&5"3
, �����

��f ����� ���  �HV�,(CAGS) )� %�V�, .�e"� �c
, �� 
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)'E��!��H� ���@�9�-�5 ���z @��  ���  ���#-�V�� )4�$ ���+=+5> �L,� M&'�-. . .���

��&H� 3c�H5 �5&cT,#	 e"� �- �8 ��&c����&�> g�" �� aJc� "
)8�c� �c�&H� �� �
 "� !,#H8 �- " !)� !)���?(ZBH-25) �� 

)�)� !�,� �,#A ��&����&�> ��&�)@,&c�( �- �: )8�� ��&H� �
,
 �c� �c9	#$ ��c: �c- �c'B,� ��,)��9�, �c� �c- �9�5&c�- ��&c�

[±[u_x r�c��9? �,)�� " M�� @&�'�� ],]u]±x,\xw )cT�� 
��, �� " .( &� �
,��235�,&c: �c�&� IcB,� �c8)q�c=5�, �c-p]

#DA " #9H�'��\]#9H�'�� (�)c� �c- " !)� %&� " #��_vxv 
)�9	#$ �,#A Y-�5 �#1� �� ���A� .2�,)c�� �c��5 e"� �
, ��

 @"#5&� Y-�5 �#1� �� ��&H� ;
  , �9�8 �&9:,� �� �8 �,#cA 2,
�� �c5 �#�$Kuw)�,)c
�? �&c5"3
,K(�c-Aruw �&c� I
)c45 .

�4�cc�Ar uwAr/p] �cc�&5 ���cc�> �cc- !)cc� �8�&cc5#? �cc�&H� 

W�X ! ,)�, ��#E ��� �� 2#�$ .�A� �4�� �@> �
�? #- " �&�
)�," :��, �4��/� I-�A #N� ��&� ��&H� �,)�� 2,#- #9B� .2,#-

 �cX RcB �� !)c� �8�&c5#? �c�&H�  , 2�,)c�� ��&cN�� �c
,
 �'7#� �
)�f)x�] �5 [_�]�,#0�9��� �E�� (c$�c� %#�&c�

 �5Ar �&c� j��B .�4�c� �@&c$�> j"#cB  , ac?Ar uwAr/p] 

�- W�X ��&5 Y
��#$ �'7#� #8 2,#- ,3V� �&X �c�#E ��c�
! ,)�, �� 2#�$ �&� .�?&c5"3
, IB,)c5 ��/�n5 I��( ����H8

 Z��B W�X ���#- �- 3�� �8�&5#? �X �� !)� )��&5CaF2"
K2SO4�� �4��/� -#� ��/�/n5  , a? " �&� #
��c�� �- �&

 �c� ��
�c��, Y-�c5 ��#E IB,)5 " 2&E #���5 ���#E ;�*=5
�� �4��/� �&�)I*�pM")E "[.(

6/"9h���� �� @,#�J�, ��D�� ����� ���  �+��[:[]���� iE#�  , �9	#$#- ]\[.
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�5,��� a$#� !)�� ����� ���: " ������&'- �'V�@,#
, �z�

6/")W�, (K ��
G�- 3�#A )� �� �- �L,� M&'�- ���+=+5> !�&5 U&=� (� �
�H� ��V�c� �� 2,#- !)� K��9�, �9��,� ���+=+5> ��&H�  , ;
�3
:(�
��'A ��J�)'	 �&'- ���� �?&*�"#*�� #
&n5(Af) ����  �� � "  R:&
SR? " 35�,&:  , ��,�3
� 2, (��5&�- �&'- ���� �?&*�"#*�� #
&n5

(Bi)��,�3
� ����  ��  R:&
SR? " �
��'A ��J�)'	 " 35�,&:  , 2,.

6/"+�(&� W�X Ar-Ar s��  , !)� ,)E ��5&�- 2,#- ���+=+5> 2�8 .���V��Ar-Ar Wc�X " �c�, �c�&H� �V
�)c5 Y
�c�#$ %3'9�� 
! ,)�, 2#�$ �� @�+� ,� ��� 2�8 �� ��*�> ,� ��&H� ���$#� !)� �	�6, @&$�> �: )8� � �� )O�c7#- ��� !)�8� @�+� �8 @&9�C°#c8 2,#c-

��, �'7#�(W�X ��	�6, @&$�>)@&9�s�� �-> 2�8 (#��P5 !)�8� @�+�Ar p] �-��, �E��B i4�� ;
 �'��" .I�D9�c� 2�&cH( ����c6 �c8
 �A� �- �'7#� @> !)� ���15 �� !)�8� @�+�±σ��, .@���HX, �D� �� �� ��1DA %)(w\%��, !)� e�,3$ )σ_.(
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)'E��!��H� ���@�9�-�5 ���z @��  ���  ���#-�V�� )4�$ ���+=+5> �L,� M&'�-. . .�z�

�2�<7!�,� �V
�)5 Y
��#$ 2�8Ar uwAr/p]��5&�- 2,#- ���+=+5> s�� 2�8��&H� @ " �L,� M&'�- mg \x/u_ W =��, .
T

(°C) 
(p]Ar/uwAr)m

(u�Ar/uwAr)m (uxAr]/
uwAr)m (uvAr/uwAr)m

p]Ar（ ）% F
uwAr 

(×[]-[pmol)

uwAr(Cum.)
(%) 

Age 
(Ma)

±[σ
(Ma)

x�] \x_]/uu]� [x\\/[[ _v\]/] [�vp/_ [u/] _[v�/p _w/] ]_/[ u� \p 

v]] ]\\p/vp_ vp]w/_ []_\/] \vvx/] u]/] \�[v/_ �\/] _w/u _/__ �/p
vp] ]u]w/_xw w_ww/] ]x�x/] __v�/] \u/[ _\�[/p ]�/[ ww/� x/u� u/[

vx] ]xvv/[[] u�v_/] ]_[_/] [__�/] [x/[ _v��/[ \�/[ pu/[_ [x/[[ �\/]

w]] u\pw/ux [_pp/] ][�[/] ]x\\/] �_/[ �]p\/] �u/[ [[/[v _�/\ uv/]
wu] w]v_/v ]_w]/] ][\�/] ]\x[/] vx/u up\[/] xv/[ u_/_p ]]/u uw/]

wx] ��_\/p ][\]/] ][_\/] ]\p\/] [_/\ _uv�/] u�/_ \\/u_ ]v/_ u�/]

[]_] [\][/p ][uu/] ][_\/] ]\p]/] ]]/\ _]xp/] �w/u pp/p\ v[/[ [v/]
[]v] xww]/[ ]]\u/] ][[_/] ]\[[/] w[/[_ _u__/] v[/\ x_/�\ ]_/_ [\/]

[[�] x\p[/] ]][x/] ]]�v/] ]pv\/] \[/u_ _\[p/] vu/v \x/w� [u/_ [[/]

[_�] ]v_]/[ ]]_�/] ]u]x/] ]p�p/] vv/_v u[_\/] wv/] ]]/[]] x_/_ xw/]

I: �� = w/p Ma   
F=p]Ar*/uwAr,�, &5#? uw Ar " p]Ar �4�� 

�� = �>� �
��Ar )*Ar/+, 
�� �V��@&$�>F�*
 @&$�> �c- 2�c8�,3-, �
#c5 2�#-��:  ,

 r�� ��5&�- " ��, ���  %&'( �� �9	� ��: �c: ��, ���: �
#5
 �� !��=9�, �&N�� �
, 2,#- O'L, �&c� .���c�#$� �c: �cV�>  ,

 �c
, " �c�, %&c�#� �c
#': )c���� �
�c8 �	 �- ��5&�- �
&���
 �� @�,� @�+� OE&� )�
,#	 W�X �� �1A," ��  , #9H: �
�8

�� �� �V�� ��&�i	� ���c�#$� I*+c� 2,#c- �c� �V�c�
 ��,� ����E ��H8,]_][.M�H(, �'��" �- )
�- �
 �&N�� �
, �-

e"� ,� ���c�#$�  , �c��� 2�8�DB �
�8 �#c: �c��H:  , �c
 "
��5&�- ��c� W�X �: �#: !��=9�, @��#$�#�L " r��� 2�8U
I*�,����- �8,#H8 �,�&cH� �c�1� ��c� �c
3V5  , �c��� �,�
 ���:�X�� @�+� �V
�)5 Y
��#$ )8� "�c� @> �'�c�" �- -

�#: ���15 ,� s�� .�A� �� @,&5.
s�c� Y
,�#cB  , a? �Y8"�? �
, �� ��+c=+5> ��&c� �

�#N� !��=9c�, �c- �)�, ����#$� �- �
 @��#$�#�L ��5&�- �=8
 �&*�"#*��  ,�H+f"� ,)E ���&H� 2 �� !���>  , a? " )-

�8 �c- �� �c: 2�&cX 9+c�? ��c6&5 #�)c� !�,� �c'7#� !� �c

 �c�5&�- #- �V
�)5 Y
��#$ Y
�� > M�cH(, !)c� ,)cE 2�c8

)
�#$ .M")E �� �
�9�[I*� "p��, !)� e�,3$ .
���,�&H� �H0�c� "� @�c��HX, �D� �� �': �� ")σ_(

)I*�p(�� "O
#c6 �� �c��$,)E �'7#� #8 !)� ��*�> 2�8
 @�cc��HX,)σ[(�cc�, !)cc� !�,�)M")ccE [.(icc-#� ��0��cc��

 �� " ���1� �,#/�,MSWD �- ��, #-,#-)_SUMS /(n- �c: 
SUMS �- ��, #-,#- ���H:" K&�� �� " q&HV� n��, #-,#- 

I7,#� �,)15 �-]_[[.#
����MSWD  , #c9H: u/] , �c��� 
���#- �cN7R� I-�A �&X �- ���> ��1DA %)( �: ��, �
�8 2,

 �, ��N9�, ��&� )7  , Y�- �-  ��� " �.�A� ���15 �&c5"3
, #c5
 �- 2���> @&� > M�H(, 2,#-MSWD ��, ]__[`�c: ���c7 ��

 #
����MSWD ;
  , #9H: #0���- �� �$)�:,#? �: ��, �
, 
M&X @��  r8 �&DB ��N9�, ��&� �,)��  , #9H: �: ��,� �&E"

 I�'/5 " �
3V5  , ���� 2���> ��,3V� 2�8 .Y8"�c? �c
, ���
#
����MSWD ��5&�- 2�8 ���#- ��&� �- #-,#- xx/]�c: �&- 
@�+�!)�8� �V�9� @�&- @���HX, I-�A Y
�� >��, .

W
#15 2,#-�,�&H� �� �&N�� �- ��� 2�8 �c�5&�- �V��
 )� �9	#$ #N� �� �8���1� �
,) :[(�c'7#� ��  , Y�- ��,&c9� 

!)��,�#-���]@&$�> #9+�- �
 )T�� uw!)� �8� �)_(�c��-
r: I�*+5 ��,&9� �'7#� �� �,�&H� j��cB #
��c�� �&E" @")- 

!��  , ")u(��,&�H8 �c- !)c� ��*c�> �c� �c- W�X �': �� 
@���HX, O
#6σ_]_[�_u[.�
, �9�,� #N� �� �-��,&� �� �

�,�&H� ��5&�- Y
�� >  , !)� !)8�+� �'�c�" �c- O�9�� 2�8
 2 �c��, >x/x\ % , !��=9cc�, �c- " �4cc��/� @&c$�> �,3cc	, %#c� 

ArArCalc r�� �).�� W�X �c
, �V�� �&'- �c��� 2�c8
 ��5&�-r: ��� �9c	� �c��  , �Y
��#$ M", �'7#� ���f �� 

�� @�+� ,� @&$�> �H: �,)�� ��,&5 ��,�, �� ���9�4�&B �)8��
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�5,��� a$#� !)�� ����� ���: " ������&'- �'V�@,#
, �z�

�,�&H� ��� �����>  , �: )�> ��� �- �N#�c�, #491� 2���> .
�
, �,�&H�Ar uwAr/p] ��Ma [\/]±]\/_,��c�� �- �c�-
)8�)� , �V
�)5 Y
��#$ W�X �'7#� w]] �5 [[�] �cE�� 

�,#0�9��� (�- @> #
���� �: !)c� ��*c�> �': ��)Ma w/p(
�&- ;
�3� 3��)I*�p(.

����� 2 ?@� 
�� �V��Ar uwAr/p] s�� �� #��=5 �� 2)�': Y�� 2�c8

 ��� " W'9��!�09��Br9��� > ��c45�, "  �c� ���: 2�8 �c- @
�� �=
, �
, 3'	 )�:]_p[.�RB#-#9+�- �c(#	 " �'T, #T��( 

���: �� s�� 2�8 �:  �� Oc'L, �c
 " ��c�G,&: 2�8)c�&�? �c- 
�� In9� ���> �- ��&
  , @&$�> �)�&��cN##c�, �c- �
��H�c� 

��,)c� �c4�:#5 I�� " ��, .�
,#-�c�- @&c$�> �c� �� �V�c�
ArwAr/p] - �'7#� Y
��#$ �- !,#H8 ��V
�)5 �&X �- ��'7#� �

�� j��B ��&H�  , rc�� Ic-�A @> �c- #��c�9� ��� W�X " �&�
��, .]_\[.M")E[I*� "p�V
�)5 Y
��#$ �
�9� x�c�,� 

s��  , !)� ,)E ��5&�-��+=+5> ��� @�+� ,� )c8� .�c
, ��
Y8"�?�Y
��#$ �'7#� !� �5 ��? �X �/D�� W�X ��,&c9�
��5&�- ��8 �: )� I�*+5 �#: ��*�> ,� ��-�+� �� )�cA� �c-

σ[(q&HV� �� "���r:x/x\ I:  , )T�� Aruw ,� !)� �8�
 �,� I�*+5 .�
#c5 rc��  , �*
 �c$�
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