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)�� ���( J��1�(�(��0 �)0N ������� �'�  

 

1- Cyclagelosphaera deflandrei. 2,3,4- Cyclagelosphaera margerelii. 5- Discorhabdus criotus. 6- Diazomatolithus 

lehmanii. 7, 8, 9- Discorhabdus striatus. 10, 11, 12, 13- Lotharingius contractus. 

14- Lotharingius hauffii.15, 16, 17- Lotharingius sigillatus. 18- Watznaueria barnesae.19- Watznaueria britannica. 20- 

Watznaueria fossacincta 
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0+��$ 2 �E 3  �� n�$ �( 
3 
� +��B 0+��$����� .   �9(� �9$

;(�> ;��� ���� G��G��  *9�" ����9� 0�#  I�9� �� �
+

 
������    <9�� Q9���E��> 
 U9��1� ;?+�) M�9�9 .( ��

�5(�� +���R� ]31[ ;" ��   L9�+ Al2O3+�  �9$��$TiO2   ;9$ 

<�� 
���(8 0��$ 0�����? ��9G ��90�#�� Q(��$ �� 

U��
�V 
 Q�'�� 	��$ 0+���9$  
9�  ��9�) M�9� a10 .(

  
9� 	�9(� M�� �(� +� ;" ;��� !�R#  ;9��R� ��9�  �9# +�

;$ 
 
1(+�(������ 	�
�S� 
� +��B 
1X���$ :+�� �9����. 

M�� b10  ,+�9" 
 ��
+ 
[$�E +���R� ]29[    ;9" <9��

;��R� �9#0   9�" ����9�9*�
+ +�  	�
�9S�  9�9G� 0�9# 

�+9
$� +��B 
������ . ��0�� +� ��(� +���R� Al2O3 - 

(CaO  Na2O + K2O) - (FeO + MgO) ) M�9� c10( .

;��R� 0���+��B  
��9" 
9�(�H� +� �#  0�9#  
 <9��(� 
9�+ 


� !��� �+ <�1�R�� �9�#�.  !
H9��    �9(� �9$ 
�19'5R# 

 <995c�!�99�� TiO2  
Zr ]26[� ;99��� �99(� +�G�99� �99#

) M�9� d10(  ����9��   9� %�91�"9  9��E L���9"�(� �}�9 U


��"     �9(+W8 �9��� G�9� Q9( +� ;" <�� 
����� 0�#

 �+�� +��9B U��
 �V.  �(��$�9�$ +�     %�9R1V� �9#+���R� �9(�

�(+W8 0�#���� 
� ��(�E �+ 
$��+ 
 U��
 �V��".  

 5-2-  6�;�( �3��2�0��"���#  

�$ 	��m1�� �� `�"�E  G�9�     !�H9�� !��9E 
9� 0+�
8 0�9#

��" �+
8�$ �+ 
�����# . 
(��R�9� 
�����# ;?+� n(�H�� 

    n#�9" 
9Z <9�� ��R� <9�X�[�  
 
����91�E 0�9#  �9( 

:����qE N8 
 
(��# ��� U(��� ;$ 
 N�Z�� ��3�� ���� 

]32[. 0��$ 
(�����  
(��R�� ;?+�G�� +� ;�V�� 0�#

	��1��2   
(��R�9� 
�����9# J(��� �� (CIA)   
 <9�$H�

G��( ]24[. �� ��E+�5� ;" <�� 	�� 	��m1��:  
CIA= [Al2O3/(Al2O3+CaO+Na2O+K2O)]  

;(�>�$ %
�? 5� CIA    �+ 0��9(� 
��9�"��> 	�� ;5��S�


R� !��� �9#��  �����9�� 0�+��60/88    !�9�� ;9" <9��

	��#� ;�V�� +� C�$ 
(��R�� 
�����# 0	��1��2  <9�� .

99t�9 �(��CIA +� 99�9
99c�c� +���R A-CN-K ]26[.  ;99"

!������qE 	��#� +�  ̀ 9�"�E  ;9��R�  	��9R# �9#  �9$  �9��qE 


�����# 
(��R�� 
 �( ;�V�� `�"�E 	��1��2  H9�� �<�� 

L�+ ���� )M�� a11(  ;9��R� +���R� �(� +� 0�9#   �+�9�


�+�$  �5(�tE ��
+ Q( �$��h <R� ;$ 
s2A-K   +��9B 

;991���99��� .J(�99��PIA   
��99���� ;99?+� ��99�[E 0��99$

%���� �� 	��m1�� �$ �#�P"�(DP> ]12[:  
PIA=[(Al2O3–K2O)/(Al2O3+CaO+Na2O–k2O) 
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 ������� 0�+�� 
 ;5��S�27/87 <�� . !8 0C�$ +��t� +�

P> o]V �$ ��5E+�+� ���� G�� 0�#�P"�(D   �9�(��� 
Z

<�� %�t1�� 
 
�����# ]7[.    M�9� +� ;9" +�s��R#b11 


� 	�(�0���+��B MS� ��� ;��R�   <R9� 	�
�9S� +� �#


� !��� 
 <�� �O�#�     `9�"�E �9$ 0�9#�P"�(DP> ;"

      
9�+ 
��9" ;9$ 
�����9# ;93�1� +� �P"���X� 
 �(���8

	�� M(�5E��� .J(���ICV � �$%���� �� 	��m1�  
ICV= 

[(Fe2O3+K2O+Na2O+CaO+MgO+MnO+TiO2)/-

Al2O3]   


� ;5��S����. n(�H��   �9(� +��9t�     n(�H9�� �9$ J(�9��


� n#�" 
�����# !�H��    M��9� !8 0C�9$ +��9t� 
 �$�(

 0�#���� G��v+�� +���� 
��" �� !
�$ ;E������ 0�#

 !�9�� !8 ��(�> �(��t� 
 v+ 	�9�#�  G�9�  9���� 0�9# 

	���+ <�� . +��t�ICV  0��$ ;��R�0�# ;���   ;9$ 
��9�

������� +�Z 63/0 <�� .      ��(�9> +��9t� ;9$ ;9?�E �9$ ;9" 

ICV �G�� 
�+ 0�#	���+ 
��" 0�+�� 
 9�+ 0�#9
  �+


� !����#�.  �(� �$ !
H��  L9�+ +���9R�ICV    M9$�t� +�

CIA  ]20[ 
� !��� H��;��� ;" �#�G��  *9�" 0�9# 

�$ �
+ G�� �� 
�����# �� ;?+� �(� U��
�V �(+W8 0�#

;1��� ���� ���) M��c11 .(  
 ��E�9� +���R� �� 	��m1�� �$

 �E
�]33[ 
�!��E ;$ U(��� N8 
 0��# ;�(�(� +�  ;�V��

	��1��2 
>  ��$)M�� d11 .(�(� +���R� !��� 
� �9#� 

 ;9" N8 
  0��9#   ;9�V�� ;9�(�(�  	��19��2    ;9R�� 
 ��9�

N�Z�� $	�� <��. 
T�3�8 �� �
���� Q���+
D !��� +� ;"

 ��$ 
(�����q? ��� +� !��(�25   �9E30    
X�R9� ;9?+�

<99�� 	��99$ ]36[   �(��$�99�$;991��(0�99# 0�99# 
99�+�$ 

!��$ C�$ 
�[( 
(��R���TD    
(��R�9� 
�����9# J(�9�� 

(CIA)   
95�"�E I�9�E J(��� !��$ Q( �� �1R" 
 (ICV) 

 �(� �$ H��	��(�? R#
�1'5 
� !��� 
$�2�#�.  

  

J)�6. ������-�`� ��0'���2 �F[2 ?/�( 6� \��
* 6���� ��Q�� ���a�2]35[   

  

J)�7. ��0'���2 X2
��c* �3'��2
� ��0�2���( �F[2 6� ?/�(Al2O3  6��� ��7����0 '(��� %&���� 
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J)�8. ��0'���2 X2
��c* �3'��2
� ��0�2���( �F[2 6� ?/�( SiO2 6��� ��7����0 '(��� %&���� 

    

  
J)� 9. 6��� �&�� 7�� Y�(7��%&� '(��� ��0 
� ���6��� �2���( �2��)�0 � ���� ]8[  

  

5-3- �)�(��)* ��"��$ 


 U(���       9"�E �9$ L�t19'� ��g�9E 
����91�E 	�9�(�?9 `�

;���G���+�� �# �]X �	��$0��� 	��� �� 
 
����
�1> 0�#

�� 
R���TD
� !� �# ;" �#� 	�9�(�?   0�+�� �
����91�E

 
��9" `�"�E    <9�� 
E
�9m1� 
(��R�9� 
 
9���� ]39[.  

 0
�9"�
   ;9��� %��9� G�9�  �9�c� +� �9# 0�99#QmFLt 
 

QtFL   
 !�99'���(� 0�99#+���R� �� ��m199�� �99$ 
 L�99��E

QO�� ]11[. !8 	��1��2  �+�9� �# 0
�9"�
  +��9B  <9��� 

)M�� 0�#a,b12 .( �$;(�> :P> ;��R�  
� �9(� 0
+ �9$ �# 

+���R�   C�9R1V� 0�9�+ 
+ !�R�� ��?
 ;$ ;?�E �$ 
   ;9$

  ;9��� !��9$ !�
��� M�X�     ;92�O �� :�$�9�+ �HE+��9" 0�9#

 	+�99$
�;12�99� ��99��$ 	�99� .+� �99�E�$ +���99R� ]10[.   ��

 
����1�E 	��(�? ���[E 0��$ 
�f� 0�#��'"�	��$0��� 


���� )M�� c12( .!�R#;��� ;"  M�9� +� d12  	�9(� 


���� �$  ;9(�>  �9��qE  �(��9t�  �9f���  9f�9
�  
9� !��9E 

G��     
��9R" �9(�H? �
9�����B� 
��9R" �(�H? 0+�
8 0�#

	+�B�0� ;���V 0�(�> 	+�B 
  ;�9��V  �9(�>�� �+ ��  ��(�9�( 

?9�� ��".  9�$9 �(��$� �9$  9E9;?�  ;9$  9�9M�  0�9# c,d12 

;���G��0�#   9" ����9�9*�+� �
+  	�
�9S� �V 9�9 ;�

	+�B 0��(�>��1 ��+�� +��B . !�+��R# 
 ��$��) u�9O �(� ( +�


�+�$ M�� *9�" ����� 0�#    !�9�� ��9(
�� ,�9$ +� �
+

                                                
1 Passive continental margin 
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M�� �(� ;" ������# n�$     
$�9�+ ;92�O +�9g8 0�+�� �9E

G�� 
 ��1'# 	+�$
�   U9��
 �9V �(+W8 I�� �� ���� 0�#

<�� 
$��+ 
. <5'� SiO2/ Al2O3  n�$ �� �E5  9E �6  +�

G��0�# !��� �
$��+ 	��#�
����+  
$�9�+  <9�C�$ 

]29[.  %
�? +� <5'� �(�3 ������� 0�+�� 33/19  ;9" �

!��� 	��#�
��
��� 0 	��2 
 HE+��"  ;9" <�� 
E�O 0�#

+�  �
�����# 
Z0�$��E  �� +��(�>�� �f���!���  ;91�+ �9��.

 J)�10. ������� 6��� �&�� 7��7��%&� '(��� ��0���. (a   �2���(Al2O3  
�2
� ��TiO2 ]31[ .(b   �d��* �2���(
"(�&( 

 
[��> ��0'���2 �2 ���e��2 �� ��"���#
�]29[ .)(c �2���( 6����*Al2O3 , (CaO + Na2O + K2O),(FeO + MgO) ]17[. (d  

( �2���TiO2  
�2
� ��Zr ]26[  

J)� 11. ������� �;�( �3��2�0 6��"���# 6���7��%&� '(��� ��0��� .(a 6� �2���(���* A- CN- K  Ka: Kaolinite, Sm: 

Smectite, Ii:Illite, Pl: Plagioclase, K-F: K-Feldspar, Gr: Granite). ]26[b  6� �2���(���* Ak- C- NA-K= Al2O3–K2O; C= 

CaO; N= Na2O PIA: Plagioclase index of Alteration; An= Anorthite; By= Bytownite; La= Labradorite; Ad= 

Andesine; Og= Oligoclase; Ab= Albite. ]12[. C (�2���(CIA    
�2
� ��ICV ]20[ .d (�2���( SiO2  
�2
� ��(Al2O3 + K2O + 

Na2O) ]33[  
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 J)�12. (a,b 6��� �)�(��)* ��"��$7��%&� '(��� ��0 ���]11[ .(c  �2���(�F[2 
[��> ��0'���2 �2 ���e��2 �� �d��* ]10[ ..(d 

6� �2���( ���*(SiO2/20), (Na2O+ K2O) (TiO2+ MgO+ Fe2O3) ]19[  
  

 

f�'$1. <��H*6(2� Y2�(2 �'���N ?�g> � ����� 6ZH( ��06��� �� �07��%&� ��0��� 

Qm non Non-undulose monocrystaline quartz 

Qm un Undulose monocrystalline quartz 

Qpq 2-3 Qpq 2-3 crystal units per grain 

Qpq > 3 Qpq > 3 crystal units per grain 

Cht Chert 

Qp polycrystalline quartzose (or chalcedonic) lithic fragments (Qpq + Cht) 

Qt Total quartzose grains (Qm + Qp) 

Q Total (Qm non + Qm un) and Qpq used for folk (1974) classification (Qm +Qpq) 

P Plagioclase feldspar 

K Potassium feldspar 

F Total feldspar grains (P + K) 

Lv Volcanic-metavolcanic rock fragments 

Ls Sedimentary rock fragments 

Lm Metasedimentary rock fragments 

L Unstable (siliciclastic) lithic fragments (Lv + Ls + Lsm) 

Lt Total siliciclastic lithic fragments (L + Qp) 

RF Total unstable rock fragments and chert used for folk (1974) classification 

 

6-��(�
�3   

 *9�" 0+�
8 
'���� �����   �+�9� ,�9$ +� �
+ 
9�+�$ 

 0�+����51�0 749 �1�) ;9��� ��������"  G�9� M�9� 
 (

;" <�� ;��2�
+ U�S� Q( +� 0�1X� 
 0��(�  w���� W�m�

<�� 	�� ;1��]� 0�? �$ !���E 
.  ;9��� ;$ ;?�E �$  0�9#

 
��99999999999'�����Watznaueria Britannica 
 

Cyclagelosphaera margerelii     ����9� 
(C�9$ ;9R�� +�

 �����
D�$-�+�� ����E�$ F .0�H?� 	����� ;���G���# 

;$ `�E�E  
9��
���   M��9�  	��92 �HE+��9"  G�9�)  
 :�9O


������( 
 ;$  0�91R" !�H��  +�K9����  
 <9��   `9�"�E

N��<(��+�1�X Q�E�K���� 
 
1(��+�1�X �
1(��+�1�X  �9�+��. 

0�# 
�+�$  
9� !��� H�� 
(��R���TD  "�E ;9" �9#� 9� `

 G��	��1��2  ��  �9(+W8 I�� U9��
�V   <9�� 
$�9�+ 
 .

��R# ;1��(�# !��� 
��#� ;" ���� 	��(�?  �9(� 
12��

;1����$ ��5E+� +� �#  ;���V0�(�>�� 	+�B0� <��.   J(���

     C�9$ �9#�P"�(DP> 
��9���� ;9?+� 
 
(��R�� 
�����#

 �(��$��$ �	��$ U(��9� N8 
  0��9#  ;9�(�(�    ;9R�� 
 ��9�

<�� 	��$ N�Z��.  
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f�'$2. 6�1������2� ��0  f2��� ��9�(N6���7��'(��� ��0 %&���� 

 

 

 

 

 

 

 

 

 

 

 

mple no Qun 
Qno

n 
Qp2-3 Qp>3 Cht K P Ls Lm Lv Sum HM Mica 

1 28 44 9999 16 4 2 3 2 1 9999 100 1 3 

2 24 38 9999 13 10 4 5 9999 6 9999 100 1 2 

3 29 52 9999 6 6 3 3 5 5 9999 100 1 3 

4 22 22 9999 19 19 5 6 8 2 9999 100 0.5 5 

5 16 47 9999 10 11 3 4 5 4 9999 100 2 4 

6 31 44 9999 12 8 3 2 5 4 9999 100 1 1 

7 10 24 9999 20 20 7 6 6 7 9999 100 1 2 

8 26 42 9999 9 7 4 3 4 5 9999 100 1 2 

9 32 41 9999 7 4 4 3 4 5 9999 100 2 5 

10 26 28 9999 10 7 7 5 7 10 9999 100 - 2 

11 20 52 9999 6 5 3 1 6 7 9999 100 1 2 

12 20 26 9999 16 12 3 9999 3 18 9999 100 2 1 

13 28 43 9999 4 8 4 2 5 6 9999 100 - 2 

14 30 40 9999 10 6 3 2 4 5 9999 100 - 2 

15 29 53 9999 2 4 2 2 5 3 9999 100 1 - 

16 27 38 9999 11 6 8 9999 5 5 9999 100 1 2 

17 33 51 9999 5 3 3 2 3 9999 9999 100 0.5 1 

18 19 62 9999 4 6 4 3 9999 2 9999 100 1 1 

19 34 38 9999 8 5 5 1 3 6 9999 100 0 1 

20 27 62 9999 3 2 1 1 1 2 9999 100 - 1 

21 35 50 9999 2 3 3 1 2 5 9999 100 - 2 

22 39 52 9999 4 2 9999 1 1 1 9999 100 1 2 

23 30 50 9999 4 2 9999 1 1 1 9999 100 1 2 

24 30 50 9999 8 5 4 2 4 4 9999 100 1 1 

25 10 45 9999 7 16 11 9999 6 5 9999 100 - 1 

26 40 48 9999 2 3 2 2 0 3 9999 100 1 1 

27 30 43 9999 2 8 3 2 3 3 9999 100 2 2 

28 24 31 9999 18 21 4 9999 2 1 9999 100 0.5 9999 

29 19 31 9999 11 12 4 9999 2 21 9999 100 1 1 

30 21 40 9999 6 11 7 2 6 5 2 100 9999 1 

31 33  48 9999 7 3 5 9999 2 2 9999 100 2 1 

32 20 40 9999 8 10 6 3 8 5 9999 100 1 9999 

33 20 47 9999 9999 14 7 9999 9999 12 9999 100 9999 1 

34 19 29 9999 12 25 4 5 5 1 9999 100 1 3 

35 13 40 9999 9 15 5 4 7 7 9999 100 2 2 

36 15 32 9999 8 15 9 5 8 8 9999 100 2 4 

37 17 30 9999 22 10 4 3 6 8 9999 100 2 2 

38 20 31 9999 11 11 9 8 10 9999 9999 100 1 2 

39 10 41 9999 10 12 7 6 14 9999 9999 100 9999 1 

40 26 30 9999 10 6 6 8 5 7 2 100 1 2 

41 28 30 
9999 

16 7 
6      

    
5 2 5 

1 
100 2 2 

42 10 28 9999 16 18 2 9999 3 22 9999 100 9999 9999 

43 14 37 9999 13 14 6 6 8 2 9999 100 2 3 
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$f�'3. �(2�2
1 '[��)% wt( 6��� �� �F[2 ��0'���27��%&� '(��� ��0���  

SiO2 Al2O3 Na2O MgO K2O TiO2 MnO CaO P2O5 Fe2O3 SO3 LOI 

92.85 4.40 0.05 0.21 0.33 0.36 0.02 0.07 0.02 1.16 0.00 0.58 

93.72 3.67 0.05 0.16 0.19 0.18 0.02 0.42 0.02 0.90 0.00 0.59 

92.55 4.37 0.03 0.05 0.25 0.18 0.02 0.10 0.03 1.50 0.00 0.87 

93.09 2.33 0.20 0.03 0.22 0.18 0.02 0.07 0.03 1.35 0.00 0.42 

91.28 4.89 0.22 0.25 0.27 0.42 0.02 0.31 0.03 1.40 0.00 0.79 

92.46 4.62 0.16 0.04 0.21 0.55 0.02 0.04 0.03 1.11 0.01 0.63 

88.33 6.53 0.45 0.20 0.50 0.46 0.03 0.18 0.04 1.89 0.00 1.29 

87.5 7.6 0.80 0.70 0.50 0.20 0.02 0.31 0.03 1.70 0.00 1.01 

  

$f�'4 .> �2'H�� �>
1 
[�(ppm) 6��� ��7��%&� '(��� ��0 ���  

Mo Zn Zr Y V Sr Rb Pb Cl Ce Th U Ni Nb Cu Cr Co Ba 

32 46 200 12 34 48 24 102 21 N N 5 18 N 11 961 2 67 

31 29 52 11 23 38 20 97 75 N N 3 3 0 2 404 1 49 

31 15 42 10 24 63 24 98 51 9 3 2 16 N N 169 4 68 

31 46 55 12 23 45 24 100 57 45 N 3 13 0 18 151 2 70 

31 75 146 16 33 48 26 98 49 N N 3 13 4 6 475 4 95 

33 41 343 18 36 54 20 96 28 15 N 3 8 6 8 343 3 38 

32 48 141 19 118 76 31 105 N 5 N 4 12 6 8 370 4 133 

31 43 150 16 110 80 36 100 N N 2 3 11 5 6 390 5 135 
   N= not detected  

         
f�'$5. 6��� �� �>
1 
[��> � �F[2 ��0'���2 ��
�*7��%&� '(��� ��0���  

K2O+ Na2O K2O/ Na2O SiO2 /Al2O3 ICV  PIA  CIA  

0.38 6.6 22.10 0.5      92 
 

90     
 

0.24 3.8 24.53 0.52 83 84.5 

0.28 1.12 21.17 0.48 88.65 92.1 

0.42 1.1 21.49 0.88 94.22 82.62 

0.49 1.22 18.66 0.80 75 85.9 

0.37 1.31 20.01 0.9 92.05 91.3 

0.95 1.11 13.52 0.47 86 93 

0.44 1.30 13.21 0.50 87  89.4 

0.44 2.33 19.33 0.63 87.27 88.60   
 

  

��2�"��^�  

    <9(�$ ��+�9T �91"� 0�9B8 N��? ��   Q9R" 0��9$ M9�  0�9#

���
���9 +� !� !���9����  9�9 9�" ����9* 9� �� 
 �
+9 	
�

���� ���� 
�
��� 	������ 
���� 0��9$  L#��9� !�+
8 

:������ `���� +� ��3�� �(� 
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