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01�23
	���	��	�	���	�� �	!���	"��#	!$�#%�&�'	($	)'�#	!*$�
$	�+,�-	.�/0	!�1�2	"34�#	��	���	" �	5�+���	�+,�-	��	6�+#	��7	"-$�,	8� �9	"����'	: ��	;�-%��
	;�%<	"-	���	�� �	�	���	"��#	5�=	"
>	?
�
(	@%4�	5��	�-	A%�+#	5�=	� B�	�C$	DE�+B=	�#%-	FG$%�	E	�	A  , B, D	5�=	:H-	"-	I%-�#	�+J -	"'	��$	*��#	�

 Bergaueria hemispherica,  Bergaueria isp., Cochlichnus isp., Granularia isp., Halopoa imbricate, Helminthoida crassa,	
�#�0	"'	EK$	LE0	M1N	"+B2�-
 Helminthopsis abeli, Imponoglyphus torquendus, Neonereites multiserialis, Paleodictyon latum, Paleodictyon cf. majus, Paleodictyon nodosum,

 Palaeophycus alternatus, Palaeophycus sulcatus, Phycodes templus, Phycodes isp., Planolites annularius, Planolites beverleyensis, Protovirgularia

 longespicata, Squamodictyon isp., Strobilorhaphe isp., Thalassinoides isp., Taphrhelminthopsis recta, Taphrhelminthopsis convolute, Treptichnus

	DEK$	O B3�	�-�P	L���	:0	��	Q� B�	�C$	"R%/S#	"
��	�-	�	E�+B=	T+ U�K	Q� B��C$		L��B,�	5$	"
�V�	�
	5$	"
�V�	WQ0X,	��C9	�+J -	�=	� B�	�C$	?
$	DE�0�-	Q#	pollardi

	DEK$	LEK�#	QP�-	Q+B
(	5�=	� G�Y�	�C$	!"+109	5�=	*�
�2	($	T�	Q��	;�-%��	5��	�-	"'	5�%Z	"-	DEK$	LE0	��S
$		(post event)	"C��N	($	T�	5�=	L���	��	�=	� B�	�C$	?
$
	L��B,�	"-	[�Y+#	"'	LE0	���
	5�=	� B�	�C$	\��$		�-		A%/S#	��	D��$	"+��
	:
$X�$	.%�]#	*^ B'$	�
	\�+��	��	Q
$�_	�$%#	*�%-	>�-	`�&�=	(��	�C$	*$�%K�2	� G�Y�

	DEK$	LE0	"+JaK	(Abyssal)	Q-%��	"b%N	c�d	e ]#	f
	��	"YG�4#	��%#	;�-%��	!E�+B=	T+ U�K	Q� B�	�C$

D*$�
$	5�+,�-	.�/0	!�1�2	!"����'	!QJ ��	L��B,�	!Q#%K%B'��%�g
$		4
$�05�6�1���
E-mail: abbasi@znu.ac.ir																																																																																																																																																																Q��hR	"G$�iK	�������	
����
	*

���1���7)
	Q� B�	��C9	($	5$	"R%/S#	�-	*����0	"�
�
�	!65d%G%�g
$7	F���0	�C$	j�=	Q���-	��
	5�=	L���	*$�$EK�2	Q+B
(	5�=	� G�Y�	�<�N	"'	EK�$�	��'	�	��	(Trace Fossils)

	�� 	E�K$%�	Q# 	 	"' 	QR%�+# 	;�-%�� 	"R%/S# 	? - 	�� 	D��$ 	Q���0	? #( 	"+0��
	5$�-	5�+a-	e
$�0	;�-%��	($	Q,�-	!E�0�-	LE0	"+JaK	k�+H#	Q-%��	5�=	e ]#
	A%K	5�=	"+JaK	"-	*$%�	Q#	*� #	?
$	��	"'	EK�$�	$�	�=	� B�	A%K	?
$	5�$Ea&K	�	M1N
	"- 	QJ=�^� 	@�Z 	5$�2$ 	�<�N 	"' 	:=�^� 	?
$ 	�� 	D�%/K 	L��0$ 	(Flysch) 	: ��
	�&J=�^�	!��$	�lm��	L��/0	"-	*�SK(	L�&JK$�	QJ=�^�	�K��Y#	��	LE ��	)
%i�
	5��9	n/2	(Trace fossils)	� B�	�C$	5�=	"K%/K	5�$�&#�K	�	Q
����0	�-	��	E0%'	Q#
	*$�
$ 	5�+,�- 	.�/0 	" N�K 	65d%G%�g
$7Q���0�C$ 	;�RoZ$ 	!;�-%�� 	?
$ 	($ 	LE0
	"- 	"2%�	�- 	$� 	�=	� B�	�C$ 	($ 	f
	�=	Q4 ]#	Q�E�'$�� 	� Yb�	�	E=�	:
$X�$ 	$�

	DE
�/K	Q��Y#	(ichno-assemblages)	Q� B�	�C$	5�=	"R%/S#

8�����96��7:
	D��$	�=	� B�	�C$	Q
����0	�	5(��	L��#9	!5��9	n/2	;� �/R	�#�0	�b�N	:=�^�
	!�%/K	L��1+�$	���	" �	"-	�1�2	L��2	($	*$%�	Q#	F���-	��%#	��-	"-	Q��+��	5$�-
	�]#	"-	��J-9	Q=$�	"�	($	���	" �		"- 	*E ��	($	: �		!�+#%� '	��	��EN	($	T�
	�	L��	5�+,�-	.�
	��	F���-	��%#	QG$%�	DE ��	O =$%,	"-$�,	8� �9	5�h
(	��J-9
	� 	$E+-$ 	?  Y� 	($ 	T� 	Q
$�]<	;� �/R 	�� 	D6��g07 	��$ 	nP$� 	��J-9 	5��-�� 	��
	D����	�$�P	Q���-	��%#	*9	"
>	"-	"
>	!QJ'	�+#	���	($	�pK	��%#	��-	5�a+K$
	Q-%��	5�=	�,��	!;�-%��	Q+��-	�	Q���0	���	5�=	L�$�	�#�0	(� K	��%#	;�RoZ$
	��	: �	"'	QG�E2	��	"�
�
�	*�
�2	�a2	!Q+B
(	�	(non-biogenic)	5�$(	�B
(	� _
	�C$ 	� 	;�-%�� 	($ 	5�$��-	"K%/K 	;�%<	�� 	DEKE0 	5�$��-	�0$���
 	�%- 	LE0 	L��#9
	L($EK$	!�g0	*%q	Q��RoZ$	DE0	rHJ#	Q���0	"� q	��-	��	�=	"K%/K	�]#	!�=	� B�
	�
	5E�-�+�9	?+0$EK	�
	?+0$�	!5E�-	"
>	@%4�	"-	�hBK	Q�E0	M1N	A%K	!��Y-$	�

	DE#9	���	"-	�=	� B�	�C$	5��	($	(� K	��%#	5�=	L�$�	�
��	�	L�$%
�

�01��8�����*�
������3�9���7;
	"+JaK		A%K	��	!\�$	5(�#	"K�,���	Q-%�2	" 0�N	��	�	���	" �	��	�1�2	�<��	EN	��
	�&
E/=	�-	"�B�	(�#	�-	"'	?�%U$	?�	"-	5�&
�	�	? B�	"����'	?�	"-	Qg
	!QJ ��
	(�#	DEK�$�	�&
E/=	�- 	Qg
�XK	5$	L��B,�	�=�h0	"'	EK�$�	*%/�,�	!EK$	\�/�	��
	�-	? B�9	W? #��-	�$�	? G%+ -��$	f=9	���	�-	Q
>�-	"����'	: ��	;�-%��	?
�
(
	X K 	�$��K�gK��%�%-%��	5�=	f=9	���	�	*��#	�- 	Q
>�-	(�#	�	�$�	"
�$(	Q&+�% ��K
	�XK��-	���	" �	�+,�-	�	8%�2	��	"'	"����'	: ��	EN$�	D��$	�$�	"
�$(	Q&+�% ��K
	s �	� 0	�	���	"��#	QG$%�	($	?
�
(	EN$�	D��$	LE0	O B3�	EN$�	��	"-	�	��$�
	EN$� 	� 	��$ 	�%,	*��� 	�� 	Q
$�#%�&�' 	EN$� 	f
	5$�$� 	� 	"+��
 	) '�� 	: ��
	D��$	LE0	� gJ�	*��#	�	� 0	!���	�� �	!Q+
$�g #	f=9	���	QG$%�	($	Q
>�-
	: ��	�-	5��
(	5E�K�/=	L��B,�	�pK	($	"����'	: ��	EN$�	E0	"+1�	"'	�%Z	*�/=
	Q���0	� B�	5�=	Q���-	"
��	�-	LE/R	�%Z	"-	�&
Eg
	($	�aK9	f g1�	�	��$�	?�%U$
	?�	�	? +J
�+��#	�� 	? K%+K��	?
�
(	5�=	:H-	?�	�%2%#	5�=	� B���g #	D��$
	� 	QaG$EhR7 	E�=�	Q# 	*�JK 	�=	"+JaK 	?
$ 	5$�- 	$� 	? +J
�+��# 	?� 	Q
>�- 	5�=	:H-
	�+#	��	j$�h+�	"-	F���-	��%#	Q���0	"� q	��-	D6���l	!%����a#	�	����	!Q� BN
	"P��	��	Ku

f	EN$�	.��Y#	���	" �	"P��	��	Ku
f1	EN$�7	"����'	: ��	5�=EN$�	��

	��%#	QG$%�	?
$	?
�
(	(�#	D6�	�g07	��$�	�$�P	(Ku
c)	"����'	5$�#%�&�'	�	6�1�2

	;�-%��	�
(	��	�$�	"
�$(	Q&+�% ��K	*9	Q
>�-	(�#	�	��$�	"#$�$	? 
��	�/�	"-	F���-
	Qg=9 	5�=	���	"��# 	Op�# 	8���� 	�#�0 	Q���0	��� 	�pK 	($ 	� 	��$ 	5�K��$%'
	�
	� 0	�	?0��	5$	L%aP	*%/�,�	�-	�	5�+B'�,	��	Xh�	�K�	"-	"K$�	X
�	��	e�%+#
	Q,�-	D��$	� V+#	�+#	Q+K��	��	�� 	��	? - 	�=	"
>	j$�h+�	DE0�-	Q#	?0��	Xh�	*��#
	;�3hZ	5E�-	"
>	@%4�	DE�+B=	QK��#	t(�K	5�=	"
>	*� #	5$�$�	�h+�	5�=	"
>	($



��

������� ��!����������
"#��$%&'������!�(���)���*�)������+�,�"-�.��/��� �0�1��-��2�

	@%4�	��	A%�+# 	�� B- 	5�=	� B��C$ 	5$�$�	�	E+/#	�	c�<	: - 	�	O'	Q&��	"��#
	QK(� 	)G�P 	*%q 	Q-%�� 	5�=	�,�� 	�=	"
> 	($ 	Q,�- 	�� 	DE�+B= 	5E�-	"
> 	?
�
(
	D�%0	Q#	LE
�	(�������	�)	QK�
�2	)G�P	!(groove cast)	5�� 0	)G�P	!(load cast)

	"
> 	�� 	X K 	QG$%� 	?
$ 	QK� # 	5�=	:H- 	�� 	� 	��$ 	$�#%�&�' 	f
 	�- 	QG$%� 	A��0
	�%2� 	Qg=9 	*�/ � 	�- 	(granule-pebble) 	Q&
� 	�� 	Q�0 	5$	LX #9E�q 	5$�#%�&�'
	:H- 	"- 	$� 	Q
$�#%�&�'	"
>	*$%�	Q# 	Q���0	8%��	j�=	F���- 	�pK 	"43K 	($ 	D��$�
	��	B	5�=	:H-	"-	$�	*��#	�	���	"��#	8����	Q�Y
	5EY-	5�=	:H-	�	�#%-	QG$%�	A
	�-	"'	;�-%��	?
$	��	"�
�
�	*�
�2	�a2	D�$�	�hBK	"+109	;�K�
�2	($	�<�N	E
	E0	L�$�	r HJ�	5�� 0	�	QK�
�2	5�=	)G�P	*%q	Q-%��	5�=	�,��	�%2�	\��$
	E��	Q#	�pK	"-	�	��$	W	�	
���
���
��
�	5�=	�a2	�#�0	QK$�$��	) ���	"-
	5���,	8%�2	�
	5�+,�-	.�/0	QN$%K	��	�+J -	;�-%��	uJ�#	�	���d	O'	5�=	:H-
	D��$	D	�	�����	5�=	:H-	"-	I%-�#	LE0	���
	5�=	� B�	�C$	"R%/S#		D��$	L�%-


$�%�&!��'��<�=#��7>
	"K%� 	�C$ 	�� 	�#�0 	(ichnogenous) 	T�2 	�C$ 	�� 	"YG�4# 	��%# 	5�=	"
> 	��
	"- 	�pK 	DO
($���	Q# 	�aK9 	@�0 	"- 	�
( 	�� 	"' 	EKE0 	L�$� 	r HJ� 	(ichnospeices)

	5>�- 	OSN	? �v/= 	� 	LE0	L�$� 	r HJ� 	5�=	"K%� 	�C$ 	� 	�=	T�2	�C$ 	��
( 	�$EY�
	5�=	w]-	($	!�=	"K%�	�	�=	T�2	�C$	($	f
	�=	f ��/+B �	w]-	"-	I%-�#	)G�4#
	f ��/+B �	�+J -	"YG�4#	5$�-	�%0	Q#	��a�J �	�	LE0	5�$��%,	f ��/+B �	�i1#
	Q��hR 	"- 	�=	"K%��C$ 	�
 	�=	T�2	�C$ 	*$�&J=�^� 	"- 	I%-�# 	n-��# 	���a� 	? �v/=	�

	D�%0	"Y2$�#	6����7
	"- 	� 	��mm 	 	�4P 	L($EK$ 	"- 	LE0 	���
 	"K%/K 	f
 	:  Bergaueria hemispherica

	LE0	M1N	5E�-	"
>	?
�
(	x4�	��	"+B2�-	;�%<	"-	�	��$	��mm 	Q&+B2�-
	� B�	�C$	($	QJH-	��	"'	E�q	�=	��$	c�<	L�$%
�	�-	�g0	Q�%�	�#�'	�%Z	"-	D��$
	*�-X #	;�-%��	"-�J#	� B�	�C$	LE��'	��	;�-%��	T�2	D�%0	Q#	LE
�	Q
�=	5�$%/=�K
	Q�^
�	��	D��$		Planolites annularius	E�K�#	k�+H#	5�=	� B�	�C$	�-	L$�/=	D��$
	Q2��,	x4�	LE0	���
	"K%/K	��	D��$	c�<	*9	x4�	"'	��$	LE#9	� B�	�C$	?
$
	?
$	E��	Q#	�pK	"-	D��$�	�%2�	5�$%/=�K	� B�	�C$	($	QJH-	��	�	�%0	Q#	LE
�	c�<
	�C$	"'	��$	�&
�	� B�	�C$	f
	nP$�	��	�	E0�-	�&
�	5�%K�2	� G�Y�	($	Q0�K	:H-

D��$	L�$�	�$�P	� Cu�	�]�	$�	Bergaueria hemispherica

	*�+BaG 	? �����' 	QK�+]� 	? +J
�+��# 	W? K�y#�' 	;�-%�� 	�� 	"K%� 	?
$ 	($
	�
	Q+N$�+�$	� G�Y�	�C$ 	"-	� B�	�C$ 	?
$	D��$	LE0	��$X�	(��	�����	��������)

D(��������!	�������) �%0	Q#	L�$�	�hBK	Q
�
��	5�=	[
�30	5��1N
	���
 	QG$%� 	QK� # 	:H-	��	*9	($ 	"K%/K 	f
	"'	� B� 	�C$ 	?
$ 	:Bergaueria isp.

	QK��#	���	"��#	"
>	f
	?
�
(	x4�	��	"+B2�-	5Eh��	�g0	"-	: -	�	O'	!E0
	EP�� 	�	�$%/=�K 	6Q&+B2�-	5>�-7	5$	LER�P	:H-	D��$	LE0	M1N	L� � 	5�+B'�,
	?
�
(	:H-7	Q
>�-	:H-	($	��	fq%'	*9	�4P	.�N	? R	��	�	��$	5X'�#	5�%�
	5E�-�+�9	j$�$� 	�C$ 	L�$%
� 	D��$ 	�+#	Q� # 	��	�� 	� 	? - 	�4P 	?
$ 	D��$ 	6Q&+B2�-
	xb$��K	QG�	EK%0	Q#	LE
�	X K	5�&
�	"+B2�-	��C9	�C$	?
$	L$�/=	D��$	c�<	�	L�%hK
	M1N	A%K 	�	"+B2�- 	Q�'	�H
�	?+0$�	?
$�-��- 	DE�+B=	E- 	Q�E0	M1N	�- 	�	L�%-
	?
$	��R	"-	QG�	E�'	Q#	rHJ#	Bergaueria	� B�	�C$	"-	$�	"K%/K	?
$	[�Y�	Q�E0
	�$%/=�K 	� B�	�C$ 	($ 	:H-	?
$ 	�	"+0$EK 	�%2�	*9	��	5X'�#	5$	LER�P	5�%�	"'
	Q��Y# 	T�2 	EN 	�� 	"K%/K 	?
$ 	$�G 	D�(��	Q# 	?g/#�K 	$� 	*9 	"K%� 	`�K 	?  Y� 	!��$

D(��������!���)	�%0	Q#
	��	"+B2�-	;�%<	"-	"'	��$	5�$�	z%#	�	Q�%� �	Q0X,	��C9	:Cochlichnus isp.

	��	��$	?g/#	DEK$	LE0	M1N	�0��	"K$�	��	e�%+#	���	"��#	5�=	"
>	?
�
(	x4�
	DE
�/K	�  V�	�C$	f
	.%Z	��	�g0	Q�%� �	�'�N	"�#$�	�
	z%#	.%Z	�=	"K%/K	($	Q,�-
	e�%+#	�%Z	"-	�aK9	�4P	D��$	5�� 0	I%4,	($	5��C9	5$�$�	�=	�C$	($	Q,�-	x4�
	��	Protovirgularia	T�2	�C$	5�=	"K%/K	($	Q,�-		!�=	"K%/K	? -	��	D��$	�+#	Q� #	����
	E�=�	Q#	*�JK	Cochlichnus	T�2	�C$	"-�J#	Q�%� �	{o#�'	5�=	:/,	�=	"
>	($	Q,�-
D(��������!��")	�,��0	(�-	O=	($	$�	�aK9	*$%�	Q#	�aK9	5��	�-	�$�,	��C9	�%2�	�-	QG�
	?
�
( 	x4�	�� 	"+B2�- 	;�%<	"- 	��
( 	�$EY� 	"- 	T�2�C$ 	?
$ 	:Granularia isp.

	"- 	Q-�YJK$ 	!O 3+B# 	� 	($�� 	5$	"G%G 	5�=	5��1N 	�#�0 	� 	��$ 	LE0 	M1N 	5E�-	"
>
	��	D��$	t(�K	5E�-�+�9	f
	5$�$�	�	L��N	"
�$(	�-	*E0	5$	",�0	"�	�
	��	�g0
	LE��'	��	;�-%��	T�2	DE0�-	`�%�	�	Q&+B2�-	�-	L$�/=	��$	?g/#	;�-�YJK$	�]#
	��$	?g/#	QG�	��$	*�-X #	���	;�-%��	�-	T�S/=	Q���0	8%��	�pK	($	�=	"G%G
	��	�	�-�C	5��1N	.%Z	��	�=	"G%G	j$�h+�	DE0�-	X K	��	�0��	"K$�	�=	"K%/K	Q,�-	��
	?g/#	k�+H#	�	A%�+#	5�=	� B�	�C$	�-	Q=$�/=	"-	"2%�	�-	D��$	�+#	Q� #	�	��EN
	!�%2�	?
$	�-	DE0�-	LE0	��S
$	Q
�
���
(	I��H#	f
	k�+H#	5�=	:H-	��	��$
			D(��������!	�����#)	E=�	Q#	*�JK	$�	Q-%��	"b%N	c�d	5�=	e ]#	�+J -	� B�	�C$		?
$
	?
�
( 	x4� 	�� 	"+B2�- 	;�%< 	"- 	LE0 	M1N 	� B� 	�C$ 	:  Halopoa imbricate
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�
 Protovirgularia-

Neonereites
�	�	Protovirgularia

Palaeophycus sulcatus
Nereitesm��	��	mAbbyssal

 Palaeophycus sulcatus, Protovirgularia longespicata, Taphrhelminthopsis

 recta, Taphrhelminthopsis isp., Thalassinoides isp., Helminthopsis isp.,

 Paleodictyon latum, Neonereites multiserialis, Treptichnus pollardi, Halopoa

imbricate, Planolites beverleyensis

�
 Taphrhelminthopsis -

Planolites
�	�	m

 Thalassinoides isp.,

Planolites beverleyensis
Nereites�Abbyssal

 Thalassinoides isp., Planolites beverleyensis, Planolites annularis, Granularia

isp., Palaeophycus alternatus, Taphrhelminthopsis recta, Strobilorhaphe isp.

�
Paleodictyon-

Phycodes
�	�	lPlanolitesQJ ��	Nereites�Abbyssal

 Paleodictyon cf. majous, Paleodictyon nodosum, Phycodes templus, Phycodes

isp., Planolites beverleyensis

m
 Palaeophycus-

Bergaueria
��	��	�Palaeophycus sulcatusQJ ���	��	m		��	Slope

Abbyssal

 Bergaueria isp., Granularia isp., Helminthopsis abeli, Imponoglyphus

torquendus, Palaeophycus sulcatus, Planolites beverleyensis, Thalassinoides isp.

�
 Helminthoida –

Imponoglyphus
��	�	O'	QK$�$��	�=	� B�	�C$

EK�$�	QK�Bg
	: -
NereitesmAbbyssal

 Granularia isp., Helminthoida crassa, Helminthopsis abeli, Imponoglyphus

 torquendus, Paleodictyon latum, Planolites beverleyensis, Palaeophycus

sulcatus, Protovirgularia longespicata, Squamodictyon isp.,  Thalassinoides isp.

l
Helminthopsis-

Thalassinoides
��Granularia isp.Cruziana-Skolithos�SublittoralGranularia isp. Helminthopsis abeli, Palaeophycus sulcatus, Thalassinoides isp.

�
 Granularia –

Planolites

	�	��	��	��
m�	��	��

Granularia isp.QJ ���	��	�		��		Slope

Abbyssal

 Bergaueria hemispherica, Granularia isp., Palaeophycus sulcatus, Planolites

beverleyensis
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n-��#7	�%0	"Y2$�#

	DE=�	Q#	*�JK	$�	� G�Y�	A%K	*�%-	QG�/+N$	!:���	�#oR	D�1�2	"34�#	QJ ��	;�-%��	��	�=	� B�	�C$	*��EK(��	Q+B
(	��+��		W�	.�E2

Q0X,5$	"
�V�WQ0X,5$	"
�V�?gB#W5$	"
�V�?gB#�N$�+�$

Cochlichnus
Palaeophycus
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Squamodictyon
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Cochlichnus?
Halopoa

Imponoglyphus?
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Strobilorhaphe?
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Granularia
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Plate 1

	!5E�-	"
>	?
�
(	x4�	��	"+B2�-	;�%<	"-	LE0	M1N	Bergaueria hemispherica	W�	�g0
	5E�-	"
>	?
�
(	x4�	��	E�K�#	� �(	Q&+B2�-	;�%<	"-	Bergaueria isp.	W�	�g0	D�cm		\� 3#
	D6*�g �7 	5E�-	"
>	?
�
( 	x4�	�� 	Q�%� � 	Q0X,	�C$ 	Cochlichnus isp. 	W� 	 	�g0	 	D6*�g �7
	?
�
(	x4�	��	6*�g �7	rHJ#	L�$%
�	�-	Q-�YJK$	5��1N	�C$	Granularia isp.	W�	�	m	5�=	�g0
	O 3+B#	5��1N	�C$		Halopoa imbricate	Wl	�g0	D��$	�+#	Q� #	��	5��1N	�4P	? &K� #	!5E�-	"
>
	Planolites annularis (Pa)	5�=	� B�	�C$	L$�/=	"-	!(H)	Q]4�	t��q	�	? q	"-	Q-�YJK$	� _
	L$�/=	"-		Helminthoida crassa		W��g0	D�cm		\� 3#	Planolites beverleyensis (Pb)		�
	Helminthopsis abeli	W�	�	�	j�=	�g0	D5E�-	"
>	?
�
(	x4�	��	LE0	M1N	�=	� B�	�C$	�
��
	Imponoglyphus torquendus		W��	�g0	D5E�-	"
>	?
�
(	x4�	��	"+B2�-	5�EK}#	Q0X,	�C$
		� B�	�C$	5��1N	($	QJH-	L$�/=		�h+�	� B�		�C$	D"+�����	O=	��	5�=	I��H#	� B�	�C$	;�%<	"-
	L$�/=	"-	Nm	�#oR	�-	Neonereites multiserialis	W��	�g0	D��$	Thalassinoides  isp.

�Paleodictyon latum� 3��4�� � � � Bergaueria hemispherica	 (Bh) 	 	�#�0 	�=	� B� 	�C$
	Qa2%�	�-�P	�N�B#	Paleodictyon cf. majus	W��	�g0	D(Pb) Planolites beverleyensis	
		W��	�g0	D��$	�cm		TgR	L��/0	�
(	Q4,	\� 3#	D��$	LEK�0%�	$�	5E�-	"
>	?
�
(	x4�	($
	�g0	D��$	LE0	� gJ�	*9	($	T�	"'	Phycodes isp.	� B�	�C$	L$�/=	"-	Paleodictyon nodosum

		Taphrhelminthopsis isp.	� B�	�C$		L$�/=	"-	(Pa)	�#oR	�-			Palaeophycus alternatus	W�m
	"+0�hK$	"'	6\� 3#	*$%�R	"-	��'�%,	�]#7	Q-%��	"
>	f
	?
�
(	x4�		W��	�g0	D(Tc)	�#oR	�-
	�#oR	�-	Palaeophycus sulcatus		W�l	�g0	D��$		Palaeophycus sulcatus	� B�	�C$	($
	DHelminthopsis abeli (Ha)	�	Protovirgularia longespicata	(Pv)	5�=	� B�	�C$	�	(Ps)
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Plate 2 

	($ 	: � 	"' 	Paleodictyon nodosum 	� B� 	�C$ 	L$�/= 	"- 	Phycodes isp. 	 	W� 	�g0
	�� 	"+B2�- 	;�%<	"- 	LE0 	M1N 	Phycodes templus 	 	W� 	�g0	D��$ 	LE0 	� gJ� 	*9
	"- 	(Pv) 	�#oR 	�- 	 	Protovirgularia longespicata 	 	W� 	�g0 	D5E�-	"
> 	?
�
( 	x4�
	DPaleodictyon cf. majus (Pm) 	� 	Imponoglyphus torquendus (It) 	L$�/=
	A%�+# 	�=	� B� 	�C$ 	($ 	5$	"R%/S# 	�- 	6*�g �7 	 	Protovirgularia longespicata 	Wm 	�g0
	E�q 	5�=	5��1N 	($ 	"gh0 	Squamodictyon isp. 	 	W� 	�g0 	D5E�-	"
> 	?
�
( 	x4� 	��
	5$E+-$	��	E+/#	5$	"G%G	5��1N	�C$	L$�/=	"-	Strobilorhaphe isp.		Wl	�g0	DOp�#�K	QY�b
	Q'EK$	�-	O 3+B#	5$	"hG	��	Q0X,	� B�	�C$	Taphrhelminthopsis recta		W�	�g0	D�%,
	�� 	Q-�YJK$ 	5�=	5��1N 	;�%< 	"- 	Thalassinoides isp. 	 	W� 	� 	� 	 	j�=	�g0 	DQ�E /,
	EP��	��$	LE0	5�$��-	TgR	���	"�<��	($	"'	?
$	��R	"-	�	�g0	D;�-%��	?
�
(	x4�
	��	�&
�	5�=	� B�	�C$	L$�/=	"-	6*�g �7	Treptichnus pollardi		W��	�g0	D��$	\� 3#
		:gq	.%Z	�	�lmm 	 	 	\� 3# 	*$%�R	"- 	��'�%,	�K�	E 1�	t%KD5E�-	"
>	?
�
(	x4�

D��$	��cm



�l

������� ��!����������
"#��$%&'������!�(���)���*�)������+�,�"-�.��/��� �0�1��-��2�

F�
G��
��
QJ=�^�	�K��Y#	!QJ=�^�	@�Z	Q
�aK	��$X�	DQP�0	*�S
�-��9	*�+�$	!�1�2	"/Jq	L� �		"34�#	"����'	;�-%��	��	QJ ��	j�=	� B�	�C$	Q#%K%B'��%�g
$		W����!D*	!Q��hR

D�	��	!*�SK(	L�&JK$�	
5$�-	"#�K	*�
��	D6*$�g#7	E�P	�iP	W�a0	f K	"34�#	��	6?�% #7 "5�
(�"	�	�J'�	5�=	EN$�	Q-%��	5�=	e ]#	� B1�	�	Q�$�& �$�+�%+ G	!5d%G%�g
$%�G��		W����	!D*	!Q��hR

D65%BK$��	�	QB �&K$	LE gq	�-7D����	!LEJK	�J+�#	!Q+Ja-	E a0	L�&JK$�	!5�+'�	"2��	���
��	
D�%J'	QKEY#	;���J+'$	�	Q���0	? #(	*�#(��	D6�
������	\� 3#	"-7	!�1�2	"J3K	��$X�		W����	!D`	!Q� BN	�	D`	!QaG$EhR

�%J'	QKEY#	;���J+'$	�	Q���0	? #(	*�#(��	D�
������	5��	��l�	L��/0	�%���aq	!���	" �	" N�K	Q���0	? #(	W���l	!D`	!%����a#

References
Bambach, R. K., 1983- Ecospace utilization and guilds in marine communities through the Phanerozoic. in: Tevesz, M. J. S., McCall, P. L. 

(eds.) Biotic Interactions In Recent and Fossil Benthic Communities, Plenum Press, 18: 1-13.
�?RU�����{��|����//�Z�O?����}R		��	~���R�R!���=[�O��QR=RU���V=+�=�<�U�=���R=[R=���2�����
Buatois, L. A. & Mángano, G. M., Genise, J. F. & Taylor, T. N., 1998- The ichnologic record of the continental invertebrate invasion: 

evolutionary trends in environmental expansion, ecospace utilization, and behavioral complexity, Palaios, 13: 217- 240. 
�?�U�	��O�����>��?R		��������]����//�Z�\�[���?	����Q=R���=���?RU�
���?��=���	�Q�R��\X�?�	�+��Q�|?��	�}R?U���R=������	�|�R�R!����������$~

 27-64.
Crimes, T. P. & McCall, G. J. H., 1995- A diverse ichnofauna from Eocene-Miocene rocks of the Makran Range (S.E. Iran). Ichnos, 3: 231-258.
Frey, R. W., Pemberton, S. G. & Saunders, T. P. A., 1990- Ichnofacies and bathymetry: A passive relationship. J. Paleont. 64, 155-158.
Frey, R. W. & Pemberton, S. G., 1984- Trace fossil facies models. in: R. G. Walker (ed.) Facies Models. Geoscience Canada, Reprint Series

 1, 189-207.
Han, Y. & Pickerill, R. K., 1994- Phycodes templus isp. nov. from the Lower Devonian of northwestern New Brunswick, eastern Canada.

 Atlantic Geology, 30, 37-46.
%	�&'���+����������/0�Z��X	�?����R=	�R=��Q����Q=R���=��R���Q���R��	Q���?���Q��=���=~��?�U�	��O�����>�<�?��?��������3�[	�4�O?����}R		��	��|�R���

J. Spec. Issu. 3: 283-322.
��	�����	����
��>�
�����Q�?��\����//�Z���Q=R�R�=R	�	�R������?X�[����	R������Q=R	���~��/"Z"�"�
��	�����	���� 
��� �//�Z� ���!�=Z?�����[� �R=�?R�	� R=� �?�[��R	���R=��� ��Q=R�����	� �=� ��?X�[���	�� |������R�=� ��	�Q� 3\�X��=Z�R+�?� �R��=�4��

north Spain. Palaios, 6: 271-280.
��	�����	����
�������Z���R��?X���R=�	�?����?�	�R���Q��%?R���=���}��R�[���?�	�3��U��=��=Z�R+�?����	�?��Q���=4�R���Q��<�+=���Z{�XR�����

 area (Polish Carpathians). Geol. Quarterly, 48(1): 35-60.
�����?�����}��>�
U�����
�������//0Z�\�	�U���=������������[�U��QR[��R?���������=!�X�R��?X���R=�R=�X�[[�=!����=�	�������R	����~�"/�Z"/$�
Pemberton, S. G. & Frey, P. W., 1982- Trace fossil nomenclature and the Planolites-Palaeophycus dilemma. J. Paleont. 56: 843-881.
O�QR�U���Q�=R�����>�V�QU�=��\����///Z��R+�?��=[���[[�����?�		�����	�Q��?�����R		��	��?RU��Q����	��?=�
��?�����=�=���R�=���=	�����!�?��~�

A contribution to the evolution of Mesozoic ichnodiversity. N. Jb. Geol. Paläont. Abh., 213(2): 169-199.



���

���������	
��
��
��	���
����	������������	���	���	��	���������	����

Preparation of Red Pigment from Manganese Tailings of
�������	�
�����
���

Kh. Tahmasbi poor1* &   A. Fazeli1

1 ����������	�
��!�	�����"����	��
#��	�$		�
���	%�&
���	�
��

Received: 2006 July 31               Accepted: 2009 June 29

Abstract  

VENARCH Manganese Mine is located about 30 Km from South –East of Qom city Volcano– clastic rocks of middle to upper Eocene age make up major 

outcrops of the region. Sedimentary rocks of Oligo-Miocene age overlie previous rocks, Red earth is found with manganese in the majority of manganese mines 

of which the most important are Darband & Doctor mines.Their probable reserves are 5760 and 1920 thousand tons.We took Samples were taken from these 

mines and  XRF, XRD  studies  and microscopic studies were carried out  to identify their chemical and physical properties. 

Dry and Wet sieve and scrubbing analysis were carried out on the samples and in order to decrease the cost and time of project the number of tests was done 

based onTaguchi method. The concentration of the raw material is increased about 20 percent and a pigment with 70% Fe2O3 was obtained.At least oil absorbtion, 

covering power and coloured tests carried out.The results show that the pigment has adequate quality.

Key words : Red soil, Venarch, Pigment, Oil absorbtion, Covering power, Tailings 
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Abstract
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siltstone and mud- or marlstone layers, which mainly belong to A, B, D and E divisions of Bouma sequence. A divers trace fossils preserved on the lower bedding 

planes of sandstones and siltstones as positive hyporelief, includes: Bergaueria hemispherica,  Bergaueria isp., Cochlichnus isp., Granularia isp., Halopoa 

imbricate, Helminthoida crassa, Helminthopsis abeli, Imponoglyphus torquendus, Neonereites multiserialis, Paleodictyon latum, Paleodictyon cf. majus, 

Paleodictyon nodosum, Palaeophycus alternatus, Palaeophycus sulcatus, Phycodes templus, Phycodes isp., Planolites annularius, Planolites beverleyensis, 

Protovirgularia longespicata, Squamodictyon isp., Strobilorhaphe isp., Thalassinoides isp., Taphrhelminthopsis recta, Taphrhelminthopsis convolute, Treptichnus 

pollardi?	%&�4�	�
���	$�44��4	�
�	������	"
�`��"L$��G��"	�
	$��G��"	�
���4	�$	��
����4	��&��$����4	��G	���44���I��	��	4�x	
��"z$
�{������	I�4�G	��&��L�44��I��"�4?	

Obtained trace fossils were produced during post-event calm periods. So, muddy sediments deposited after turbulence currents and traces have been made on 

these layers, activates of trace makers were developing when accessible feeding materials or dissolved oxygen increased in environment. Base on founded 

Nereites trace fossils, these sediments deposited in the deep marine abyssal zone environment.

Keywords: Ichnotaxonomy, Flysch facies, Cretaceous, Jolfa, NW Iran.
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